C H A P T E R

35

Peripheral Nerve Blockade
BAN C.H. TSUI • RICHARD W. ROSENQUIST

INTRODUCTION
gENERAl PRINCIPlES AND EQUIPmENT
Setup and Monitoring
Common Techniques: Nerve Stimulation and
Ultrasound Imaging
Other Related Equipment
Avoiding Complications
Premedication and Sedation
ClINICAl ANATOmY
Head and Neck
Spine

Upper Extremity
Trunk
Lower Extremity
SPECIFIC TECHNIQUES
Head and Neck
Upper Extremity
Trunk Nerve Blocks
Penile Block
Lower Extremity
Continuous Catheter Technique
ACkNOWlEDgmENTS

1 Peripheral nerve blocks provide effective anesthesia and
analgesia in a site-speciic manner with the potential for longlasting effects.
2 Accurate identiication of target nerves and precise and adequate
placement of local anesthetic are critical for performing safe
and successful peripheral nerve blocks.
3 Ultrasound imaging has renewed interest in peripheral nerve
blocks because it allows visualization of needle movement
toward nerve structure(s) in real time, minimizing the risk
of needle contact with critical structures and potentially
reducing complications. Although highly desirable as an aid
to the performance of regional anesthesia, this technology
requires considerable training and thorough knowledge
of the equipment and cross-sectional regional nerve block
anatomy.

4 Peripheral nerve stimulators are useful tools to facilitate nerve
blocks, but they do not eliminate the risk of nerve injury. In
the adult patient, maintenance of responsiveness may allow
reporting of nerve contact or pain during injection.
5 Nerve blocks associated with bony or vascular landmarks are
more reliable and easy to perform than those dependent on
surface landmarks alone.
6 Larger volumes of local anesthetic may increase the potential
success of peripheral nerve blocks, but the total milligram
dosage must be limited to avoid systemic toxicity. Higher
concentrations of local anesthetics increase the degree of
motor block. Ultrasound imaging, through more accurate
nerve localization and visualization of local anesthetic spread,
may enable successful blocks to be performed with reduced
volumes of local anesthetics, but this has yet to be proven.
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IntroductIon
1 Regional anesthesia enables site-speciic, long-lasting, and effective anesthesia and analgesia. It is suitable for many surgical
patients and can improve analgesia,1 reduce morbidity, mortality, and the need for reoperation after major surgical procedures.2
Peripheral nerve blocks (PNB) can be used alone as the sole “surgical” anesthetic; as a supplement to provide analgesia and muscle relaxation together with general anesthesia; or as the initial
step in providing prolonged postoperative analgesia, as with
brachial plexus blocks or continuous peripheral nerve catheters.
Compared to parenteral analgesics, single-shot or continuous
PNB can provide superior analgesia and reduce the incidence of
side effects.3–5 Optimal pain relief and minimal side effects (e.g.,
nausea and vomiting) following surgery have a major impact on
patient outcome, including patient satisfaction and earlier mobilization, as well as fulilling the need for streamlined surgical services with lower costs.6 Nevertheless, the safety and success of
2 PNB techniques are highly dependent on accurate delivery of the
correct dose of local anesthetic; even in experienced hands, there
is an inherent failure rate associated with regional anesthesia7
with the potential—albeit rare—for systemic toxicity, infection,
bleeding, permanent nerve injury, or other physical injury. In
addition to the beneits of PNB, advances in knowledge (e.g.,
physiologic characteristics of solutions during electrical nerve
stimulation) and technology (e.g., the introduction of anatomically based ultrasound imaging) have encouraged many anesthesiologists and surgeons to use PNB on a more frequent basis.
Advancements in medical knowledge and techniques are constantly being made and, while new advancements provide an
opportunity for improved patient care, they need to be studied
and compared to currently accepted techniques to evaluate their
safety and utility. In contrast, anatomic structures are static, and
an understanding of basic anatomy cannot be replaced by excellent
technical skills and knowledge of the technique when performing
regional anesthesia. Thus, this chapter provides an in-depth discussion of regional anatomy, while providing an overview of today’s
two most up-to-date techniques for nerve localization and block
performance: Nerve stimulation (NS) and ultrasound (US) imaging. Speciic techniques that are practically useful for the anesthesiologist are described in sections grouped by body location.

gEnErAL PrIncIpLEs And EquIPment

to resume or increase their use of regional anesthesia. However,
despite initial excitement over this advancement, US images are
subject to individual interpretation depending on experience, training, and where that experience and training was obtained. There is a
substantial learning curve associated with US-guided regional anesthesia, and not all practitioners are skilled in interpreting US images.
Consequently, in many situations, it is prudent to combine the two
technologies of NS and US imaging together in order to achieve the
goal of 100% success with all regional blocks. US alone may allow
good visualization of the needle and nerve as well as a reasonable
estimate of the spread of the full dose of the local anesthetic, yet the
correct identity of the nerve may be unknown, especially for novice ultrasonographers.8 By stimulating the nerve, its identity may be
objectively determined by observing the motor response to NS.
Patient monitoring and other factors related to optimizing
patient care and prevention of complications are similar to those
for general anesthesia, with some important differences. Safe
and successful performance of PNB requires careful selection of
patients and administration of an appropriate type and dose of
local anesthetic in the correct location. In addition, the patient
must be monitored during the procedure and prior to discharge,
and ambulatory patients with home going catheters should be monitored remotely with either telephone follow-up or home health
care team visits until the catheter has been removed and the block
has completely regressed.

Setup and monitoring
Setup
Although regional blocks can be performed in the operating room
setting just like general anesthesia, it is preferable and desirable to
perform these techniques in a designated room or area outside
the immediate operating room environment (Fig. 35-1). This is
a consequence of what is commonly referred to as “soak time,”
which is the time it takes for local anesthetics to cross the cell
membrane, block action potentials, and produce either analgesia
or surgical anesthesia. The designated area must contain the necessary equipment for safe monitoring and resuscitation but must
also contain all of the supplies and equipment to perform common and sophisticated regional block techniques. Some important considerations for this “block room” are described below:
■
■

Regional anesthesia has long been regarded as an “art” and real success with these techniques was conined to a small number of gifted
individuals. The introduction of NS some 30 years ago was the irst
step toward transforming regional anesthesia into a “science.” This
technique relies on physiologic responses of neural structures to
electrical impulses. There is considerable interindividual variation
in physiologic responses to NS. Furthermore, several other factors
inluence responses to NS, including injectates, physiologic solutions (e.g., blood), and disease. Despite these limitations, NS was
one of the irst objective methods available in regional anesthesia to
place a needle in close proximity to a target nerve with some reliabil3 ity. One of the most exciting recent advances in regional anesthesia technology has been the introduction of anatomically based US
imaging. This is the irst time since the beginning of regional anesthesia practice that the target nerve can actually be visualized. This
is a quantum leap in technology for those interested in this pursuit,
and the realization of its potential beneits may encourage many
anesthesiologists who had previously abandoned these techniques

■

■

■

■

All supplies located in this area must be readily identiiable and
accessible to the anesthesiologist.
The area should be of ample size to allow block performance,
monitoring, and resuscitation of patients.
There should be equipment for oxygen delivery, emergency
airway management and suction, and the area should have
suficient lighting.
A practically organized equipment storage cart (Fig. 35-1) is desirable and should contain all of the necessary equipment (including that required for emergency procedures), supplies, local
anesthetics, needles, nerve stimulators, block trays, dressings, and
resuscitation drugs. A US machine should also be present.
It is ideal to have a prepared specialty tray that includes items
for sterile skin preparation and draping, a marking pen and
ruler for landmark identiication, needles and syringes for skin
iniltration, and speciic block needles and catheters.
A selection of sedatives, hypnotics, and intravenous anesthetics
should be immediately available to prepare patients for regional
anesthesia. These drugs should be titrated to maximize beneits
and minimize adverse effects (high therapeutic index); shortacting drugs with a high safety margin are desirable.
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FIGure 35-1. Designated regional
block room with labeled storage cart.

Emergency drugs should include atropine, epinephrine, phenylephrine, ephedrine, propofol, midazolam, succinylcholine,
and intralipid. In addition, guidelines for resuscitation in the
setting of local anesthetic toxicity should be laminated and
kept with the intralipid.

monitoring
When performing regional anesthesia, it is vital to have skilled
personnel monitor the patient at all times. At minimum, standard
monitoring should include electrocardiogram (ECG), noninvasive blood pressure (NIBP), and pulse oximetry. In addition, the
patient’s level of consciousness should be gauged frequently using
verbal contact since vasovagal episodes are common during many
regional procedures. At present, there are no practical or effective
devices that detect rising blood levels of local anesthetic; however,
this can be done indirectly by adding pharmacologic markers,
such as epinephrine, in appropriate concentrations to the local
anesthetics. Close observation for systemic toxicity secondary to
rapid intravenous injection (within 2 minutes) as well as delayed
(∼20 minutes) absorption is essential. The patient should be
monitored for at least 30 minutes following the procedure.
■
■

■

■

■

the block has not begun to regress, appropriate protection for the
anesthetized limb and complete instructions should be provided
to the patient and their family before discharge. For inpatients,
appropriate orders should be written to assure limb protection.
Patients receiving perineural local anesthetic infusions should
be visited regularly by a qualiied physician postoperatively
(i.e., Acute Pain Service) with ongoing documentation of their
condition in the medical record.

Common Techniques: Nerve Stimulation
and Ultrasound Imaging
Nerve Stimulation
Basics of Technique and Equipment

Electrical stimulation of nerve structures was introduced to
regional anesthesia in the middle of the 20th century.9,10 A lowcurrent electrical impulse applied to a peripheral nerve produces
stimulation of motor ibers and theoretically identiies proximity to the nerve without actual needle contact or related patient
discomfort. When NS techniques are used, it is unnecessary to
make actual contact with the nerve (in contrast to the parestheStandard ECG and pulse oximetry are essential monitors when
sia method). This theoretically infers that the risk of nerve injury
performing regional anesthesia.
should be less when using NS methods, although this theory has
Careful monitoring of the patient’s heart rate (along with ECG
not been proven. Stimulating catheters have recently been intromeasurement) is important to detect tachycardia seen with
duced and have increased our ability to accurately advance cathepinephrine when it is included in a test dose. It is also useful
eters over greater distances along nerve structures.11,12
as an indicator of systemic toxicity with bupivacaine and other
4
potent local anesthetics.
Using motor responses to NS as a primary nerve localization technique has drawbacks. The main limitations with NS are
Before performing blocks with signiicant sympathetic effects,
related to the technique’s inconsistent results13,14 and the variance
a baseline blood pressure reading should be obtained. Once
in electrical properties of different nerve stimulators.15 Many varithe regional anesthesia procedure is complete, the monitors
ables affect the ability to stimulate nerves, including conductive
should remain attached. In conscious patients, end-tidal cararea of the electrode (needle or stimulating catheter tip), electribon dioxide monitoring is not required; however, there are
cal impedance of the tissues, electrode-to-nerve distance, current
special nasal prongs available for monitoring patients when
low, and pulse duration.16 Ultimately, the technique relies on
this is considered necessary.
the physiologic responses of neural structures to the stimulating
At minimum, stable vital signs must be present following regional
current, which is subject to considerable interindividual variation.
anesthesia to fulill discharge criteria from the recovery area. If
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Today’s nerve stimulators have features to improve ease-ofuse and success, such as maintaining a constant current with
adjustable frequency, pulse width, and current intensity (milliamperes; mA). This enables a stable current output (an important safety feature) in the presence of varied resistances from the
needle, tissues, and connectors. A clear digital display indicating
the actual current delivery is important, as is regular calibration
and testing. Some nerve stimulators are equipped with low (up
to 6 mA) and high (up to 80 mA) current output ranges. The
lower range is primarily for localizing peripheral nerves, while
the higher range is mainly used for monitoring neuromuscular
blockade. Recently, higher ranges have been utilized for transcutaneous NS techniques17 (2 to 5 mA) including percutaneous
electrode guidance18 and surface nerve mapping,11,19 and the epidural stimulation test (1 to 10 mA).20,21 Most nerve stimulators
deliver an electrical pulse width of 100 or 200 µs for stimulating
motor nerves. Similar to current amplitude, the length of time
over which the current is delivered (pulse width) is usually considered important, as shorter duration currents can selectively
stimulate motor components of mixed nerves while sparing the
discomfort caused by stimulation of sensory components. Some
sophisticated devices allow variable pulse widths from 50 µs to
1 ms in an attempt to provide such selective stimulation. The general rule is to use short-duration current of ≤100 µs for peripheral NS, although there is some evidence that duration does not
impact patient discomfort22 and that intensity (mA) of the stimulation is perhaps the most important variable.23

FIGure 35-2. The current density is localized to the needle tip when
using nonconducting solutions (e.g., D5W), thereby maintaining the
motor response to the threshold current level during nerve stimulation.

Ultrasound Imaging
Basics of Technique and Equipment

Practical Guidelines
During initial advancement of the needle, the nerve stimulator should be set to deliver a current of 1 to 2 mA in order to
gauge the approximate distance to the nerve. Depolarization of
the nerve can also be improved by using the positive (anode;
red) pole of the stimulator as the ground (reference or surface
electrode) electrode and the negative (cathode; black) lead as the
connection to the needle itself (known as cathodal preference).
The actual location of the ground is of little importance with
the use of constant-current nerve stimulators.23 Generally, the
needle is in close proximity to the nerve when the threshold for
motor response is between 0.3 and 0.5 mA; placing the needle to
the point where a motor response only requires 0.1 to 0.2 mA
may increase the chance of intraneural injection and should be
avoided.24 Once a low threshold response is obtained, 2 to 3 mL
of local anesthetic is injected and the operator watches for disappearance of the motor twitch, which is a signal to inject the
remainder of the proposed dose in divided aliquots. This “Raj
test”25 was originally thought to result from physical displacement of the targeted nerve by the injectate, but this response has
recently also been attributed to a change in the electrical ield at
the needle-tissue interface. Electrically conducting solutions (e.g.,
local anesthetic or saline) reduce the current density at the needle
tip, thereby increasing the current threshold for motor response,
whereas nonconducting solutions (e.g., dextrose 5% in water;
D5W) increase the current density and maintain or augment the
twitch response (Fig. 35-2).26
After nerve localization using a stimulating needle, introduction of a stimulating catheter with continuous stimulation of the
nerve is suitable to provide continuous analgesia. Similar current thresholds are applicable with the use of stimulating catheters. If an attempt to dilate the perineural space is undertaken,
injection of D5W is preferable in order to maintain the motor
response to stimulation.27 The reader is referred to the section
on Other Related Equipment for optimal features of stimulating
catheters.

US imaging is rapidly emerging as a very promising regional anesthesia tool since the size, depth and precise location of many nerves
in their surrounding environment can be determined with correct
interpretation of the visual image. Visualization of the moving
needle, once inserted at an appropriate angle and within the plane
of the US probe, as well as the spread of local anesthetic, provides
valuable assistance to the anesthesiologist performing regional
anesthesia. With US-guided PNB techniques, the operator can
adjust needle or catheter placement under direct vision (i.e., US
imaging), which may lead to fewer needle attempts and ultimately
improved motor and sensory blocks. Furthermore, visibility of
vital structures (e.g., blood vessels and pleura) is advantageous in
order to avoid complications. Today, technologic advances have
led to the development of US systems that can deliver high frequency (10 MHz or higher) sound waves offering the high axial
resolution required for visualization of nerves and the ability to
distinguish them from the surrounding anatomical structures
(e.g., tendons, muscles). The proposed beneits of US guidance,
as compared to NS, for upper extremity blocks include improved
block success28 and completeness,29 reduced block performance
and onset times,28–31 prolonged duration of blocks,30 and reduction in complications.32 While the cumulative evidence may appear
convincing, many of the studies show conlicting results for certain
parameters, and the large variability in trial methodologies and
application of different outcome measures account for many of the
discrepancies. Indeed, the various endpoints used during research
in regional anesthesia may bias outcomes when comparing multiple regional techniques. Recently, Marhofer et al.33,34 published an
excellent review of the current status of US and its use in regional
anesthesia. They emphasize that adequate training in US-guided
techniques is essential and suggest that education and proper technique can help ensure safe blocks. In addition, current advantages
of using US in regional anesthesia, including direct visualization
of subcutaneous structures, identiication of anatomic variation,
ability to use less local anesthetic, and improvement in block quality and patient satisfaction, are also discussed.
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FIGure 35-3. A: Probe sterility using a sterile transparent dressing (e.g.,
Tegaderm; 3M Health Care, St Paul,
MN) without the full cover of a sterile sleeve. Other dressings may create
multiple small wells over the probe
surface due to adhesive pockets and
lead to poor image quality.36 B: Inplane and out-of-plane needle alignment and subsequent visibility of the
needle.

B

localization using US guidance, since many nerves are situated in
US is deined as any sound with a frequency >20 kHz, although
close proximity to vascular structures.
medical imaging generally requires between 3 and 15 MHz.
Within the body, US scanners emit sound waves that produce an
echo when they encounter a tissue interface. Therefore, US images
Practical Guidelines
relect contours, including those of anatomic structures, based
Both the probe and the skin of the patient should be prepared for
on differing acoustic impedances of tissue or luids. Signiicant
maximum sterility and optimal imaging. Probe sterility is pararelection of sound waves occurs at interfaces between substances
mount if performing real-time, or dynamic, US guidance during
of different acoustic impedance, resulting in good contour deiblock performance. This can be maintained by standard sleeve
nition between different tissues. High US beam relection, from
covers but these can be expensive and cumbersome. For singlehigh impedance/dense structures (e.g., bone, connective tissue),
shot blocks, it is practical to use a sterile transparent dressing
results in a bright (hyperechoic) image, often with dorsal shad(e.g., Tegaderm; 3M Health Care, St Paul, MN) without the full
owing underneath; low impedance structures relect beams to a
cover of a sterile sleeve (Fig. 35-3A).35 An issue when using stansmaller extent and appear gray (hypoechoic); minimal impedance
dard long covers is the potential for air to track between the probe
structures/spaces (e.g., luid in vessels) appear black (anechoic).
and the skin, which reduces image quality. The target area should
Higher frequencies offer the best spatial resolution at superibe surveyed (scanned) using a generous amount of US gel (water
cial locations (e.g., brachial plexus at supraclavicular fossa), while
soluble conductivity gel is optimal) prior to sterile preparation.
lower frequencies are often required for structure delineation at
One of the most common reasons for poor visualization is lack of
deep locations (e.g., sciatic nerve in the subgluteal region). Block
suficient gel for skin-probe contact.
location and depth of target nerve structures determine which
For nerve localization during US-guided PNB, it is helpful to
transducer offers the best imaging and resolution. Several func- 5
irst identify one or more reliable anatomical landmarks (bone or
tions of the US system are important to have familiarity with,
vessel) with a known relationship to the nerve structure. The operincluding ield and gain functions as well as Doppler effect. Dopator can then localize the nerve at a location near the landmark, and
pler effect is very useful for identifying blood vessels during nerve
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table 35-1. UsefUl AnAtomicAl lAndmArks for locAlizing nerves dUring common
UltrAsoUnd-gUided PeriPherAl nerve Blocks
Peripheral Nerve
Block Location

Anatomical Landmark(s)

Approach for Ultrasound Imaging

interscalene

Subclavian artery and
scalene muscles

supraclavicular

Subclavian artery

infraclavicular

Subclavian/axillary artery
and vein
Axillary artery

Locate the plexus trunks/divisions superolateral to the artery at the
supraclavicular fossa, and trace proximally to where the roots/trunks lie
between the scalenus anterior and medius muscles (Fig. 35-18).
Scan from lateral to medial on the superior aspect of the clavicle to locate the
pulsatile artery; the plexus trunks/divisions lie lateral and often superior to
the artery (Fig. 35-19). Color Doppler is useful.
Place the artery at the center of the ield and locate the brachial plexus cords
surrounding the artery (Fig. 35-20).
The terminal nerves surround the artery (Fig. 35-21).

Brachial artery

The large anechoic artery lies immediately lateral to the nerve (Fig. 35-24).

Humerus at spiral groove
and deep brachial artery

To conirm the nerve’s identity at the elbow, trace the nerve proximally and
posteriorly toward the spiral groove of the humerus, just inferior to the
deltoid muscle insertion. The nerve is located here adjacent to the deep
brachial artery and can be followed back to the anterior elbow. (Fig. 35-22)
Scan at the anteromedial surface of the forearm approximately at the junction
of its distal third and proximal two-thirds, to capture the ulnar nerve as it
approaches the ulnar artery on its medial aspect (Fig. 35-25).
The plexus lies between and just deep to the lateral aspect (tips) of the
processes (Fig. 35-33).
The nerve lies lateral to the artery (vein most medial) (Fig. 35-35). Insert the
needle above the branching of the deep femoral artery.

Axillary
Peripheral nerves
Median nerve at
antecubital fossa
Radial nerve at
anterior elbow

Ulnar at medial
forearm

Ulnar artery

lumbar plexus

Transverse processes

femoral

Femoral artery

sciatic
Classical/Labat

Subgluteal
Popliteal

Ankle
Tibial (posterior
tibial)
Deep peroneal

Ischial bone and inferior
gluteal or pudendal
vessels
Greater trochanter and
ischial tuberosity
Popliteal artery

The nerve lies lateral to the thinnest aspect of the ischial bone. The inferior
gluteal artery generally lies medial to and at the same depth as the nerve
(Fig. 35-39).
The nerve lies between the two bone structures (Fig. 35-40).
Trace the tibial and common peroneal nerves from the popliteal crease to
where they form the sciatic nerve. At the crease, the tibial nerve lies adjacent
to the popliteal artery. Scanning proximally to the sciatic bifurcation, the
artery becomes deeper and at a greater distance from the nerve (Fig. 35-41).

Posterior tibial artery

Nerve lies posterior to the artery (Fig. 35-43).

Anterior tibial artery

Nerve lies lateral to the artery (Fig. 35-44).

proceed to follow along, or “trace” the nerve to the optimal block
location (Table 35-1).36,37 Generally, nerve structures are most visible when the angle of incidence is approximately 90 degrees to
the US beam. Obtaining a transverse axis view of the nerve usually
allows the best appreciation of the anatomical relationship of the
nerve with its surrounding structures. To obtain the best possible
view of the shaft and tip of the needle, it is imperative to align
the needle shaft to the longitudinal axis (“in-plane”; IP) of the
US transducer (probe) (Fig. 35-3B). The nerve structure is often
placed at the edge of the US screen to ensure adequate viewing
distance for the needle shaft. An alternative approach uses a transverse or tangential (“out-of-plane”; OOP) alignment, which only
allows appreciation of the needle in cross section and usually only
during movement (Fig. 35-3B). The nerve structure is often placed
in the center of the screen to guarantee that aligning the needle
puncture with the center of the probe will ensure close needle tipnerve alignment. This approach can be beneicial in certain block
locations (compact areas) and for inserting catheters (e.g., at the

subgluteal area), but should never be used in areas where needle
tip visibility in relation to vital structures is critical (e.g., supraclavicular fossa near the pleura).
After the needle is seen to be close to the nerve(s), a 1- to 2-mL
test dose of local anesthetic or D5W can be injected to visualize
the spread and perform a “Raj test” if a stimulating needle is being
used. The solution will be seen as a hypoechoic expansion and will
often illuminate the surrounding area, enabling better visibility of
the nerves and block needle. If NS is being used to conirm nerve
identity, it is useful to administer D5W in order to maintain accurate motor responses.27 This will be especially important during
catheter introduction and advancement. If the test shows undesired
injection near or within vessels or cavities, subsequent injection of
local anesthetic should be postponed until better needle localization is achieved. If suboptimal spread of injectate is observed, the
needle can be repositioned to allow another injection.
There can be a lengthy learning curve for US-guided nerve blocks,
and techniques to improve needle and catheter visibility during
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The “walk-down” approach to facilitate needle tip identiication
during OOP needling.37,38 This technique involves calculating the
required depth of puncture (with measurement to the desired
neural structure recorded using US prior to the block) and using
trigonometry with the shaft angle and length to calculate a “reasonable” location to place the initial needle puncture site. The
initial shallow puncture will be easily seen as a bright dot on the
screen, and the needle tip can be followed as it is “walked down”
to the inal calculated depth. For example, if the inal depth of
penetration for the block is 2 cm, the needle will ultimately
obtain a 45-degree angle if the initial puncture site is 2 cm from
the probe and the needle is incrementally angled to this level.
A method of needle-probe alignment using a laser attachment for
the probe has been reported; the laser line will project onto both
the needle shaft and the midline of the probe, indicating an IP
position.37,39 Aligning the visible optical laser line with the longitudinal axis of the US probe will mimic the “invisible” beam
from the US probe and allow improvements with IP needle
alignment. With the laser-unit attachment, any misalignment of
the needle to the US beam can be easily detected and adjusted in
real-time. Recently, commercially available GPS guidance systems intended to guide the needle tip location have been developed, but the merit of these devices remains to be determined.

Other Related Equipment
Needles
Needles used for regional techniques are often modiied from
standard injection needles. Although reports may speculate that
needle design is a determinant of nerve or other tissue injury,
there is insuficient evidence to fully substantiate this claim. For
PNB, the “short bevel” (i.e., 30 to 45 degrees) or “B bevel” is often
used to reduce the potential for injury to nerves.40 Other modiications, such as the “pencil-point” needle, have been introduced in
attempts to reduce nerve injury. Single-shot PNB techniques generally require using 22- to 24-gauge insulated needles with short
bevels. If supericial and ield blocks are performed, smaller gauge
(e.g., 25 to 26 gauge) sharp needles can be utilized. Continuous
blocks require larger-bore needles to facilitate catheter introduction (e.g., 18-gauge needles for 20-gauge catheters). Blunt-tipped
Tuohy needles are commonly used for continuous PNB with success.41 Short-bevel and Tuohy needles offer more resistance and
give a better “feel” when traversing different tissues. Desired needle
length will depend on each speciic block and individual patient
characteristics. Clear markings throughout the entire length of the
needle are important for measuring depth of penetration, particularly for correspondence to US measurements.

Practical Tips
Techniques and devices have been proposed to limit injection pressure, since there is considerable variation among anesthesiologists
in the amount of pressure they apply during injections42 and highpressure injections into the nerve (especially intrafascicular) have
been associated with damage in animals.43,44 Disposable, in-line
injection pressure monitors are available, although their ability to
prevent long-term injury is not well documented. Alternatively, a
compressed air injection technique (CAIT) has been described to
limit the generation of excessive pressure during injection. With
this method, air is drawn into the syringe and compressed by 50%
during the entire injection to maintain pressures of approximately
760 mm Hg (Boyle’s law: Pressure × volume = constant).45

Catheters
Continuous-infusion catheter kits suitable for PNB are available
that include a standard polyamide catheter, such as those previously used for epidural analgesia, combined with an insulated
Tuohy needle with NS capability. Recently, catheters have been
advanced to the point of making them amenable to stimulation
(an electrode is placed into the catheter tip). This may enable
more accurate advancement of catheters for substantial distances
to provide continuous analgesia. Some studies have suggested
that it may be helpful to inject a solution to dilate the perineural compartment to facilitate the advancement of catheter. The
reader is referred to the discussion of practical guidelines of NS in
the section Common Techniques: Nerve Stimulation and Ultrasound Imaging for discussion of injection solutions for perineural dilation. There are a number of continuous-infusion devices
now available for both inpatient and outpatient use, which allow
delivery of dilute local anesthetic concentrations for as long as
72 hours after surgery. Standard precautions are required to
maintain sterility of the catheter and the insertion site, but complications have been rare with these techniques and new devices.

Avoiding Complications
In general, regional anesthesia has an excellent safety record.
Complication rates are as low as 8 per 10,000 for seizures2 and
<0.1% to 1% for nerve injury,7,46 and only rare cases of severe
chronic pain syndromes following regional anesthesia have been
reported.47 Nevertheless, the incidence of some complications
is often higher in PNB than other regional anesthesia/analgesia
techniques, and results can be devastating. Choosing a suitable
patient and applying the right dose of local anesthetic in the correct location are the primary considerations. Careful attention
to any unusual responses or report of pain during block performance as well as follow-up prior to and after discharge is equally
important, although often overlooked.

Patient Selection
Patient selection is a critical element for the performance of safe and
effective PNB. Not all patients are suitable candidates for PNB. In general, patients scheduled for extremity, thoracic, abdominal, or perineal surgery should be considered potential candidates for peripheral
regional anesthetic techniques. Adamant refusal of regional anesthesia by a patient is a contraindication to the procedure.
Other contraindications include local infection, systemic anticoagulation, and severe systemic coagulopathy. In most cases, schizophrenic patients should only receive regional techniques if general
anesthesia is also performed. The presence of pre-existing neurologic disease is a controversial topic and, while a limited amount of
data is available in the case of spinal anesthesia, the safety of PNB
is unclear. One must be cognizant of the potential to compound
existing neurologic deicit; therefore, clear documentation of the
deicits prior to the procedure and a careful discussion of the potential risks and beneits are critical. For every clinical situation, the
use of regional anesthesia must be carefully evaluated as a matter
of risk versus beneit. It is imperative to follow applicable national
and international guidelines, such as those set by the American Society of Anesthesiologists (ASA) for patient monitoring and those in
place for anticoagulated patients, as provided by the American Society of Regional Anesthesia and Pain Medicine (ASRA).

local Anesthetic Drug Selection, Toxicity, and Doses
This section will provide an overview of drug selection and
toxicity during PNB. For a more detailed discussion of the
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advancement are important in order to improve training for this technology. Two such approaches have been described experimentally:
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pharmacology and toxicity of local anesthetics, the reader is
referred to Chapter 21.
Rates of systemic and local toxicity and nerve injury with PNB
6
are generally low, but the use of available methods to reduce
inadvertent intravascular and intraneural injections is clearly
warranted. It is important to note that lower concentrations
of local anesthetic (e.g., 1% to 1.5% lidocaine, 0.125% to 0.5%
bupivacaine) compared to those used for epidural anesthesia
are appropriate for peripheral nerves. Neural toxicity of these
anesthetics appears to be concentration dependent.48 The use of
highly concentrated solutions may be useful to increase motor
block, but increases the total milligram dose of local anesthetic.
To limit total drug dose, lower concentrations are usually indicated when larger volumes are required to anesthetize poorly
localized peripheral nerves or to block a series of nerves. Nevertheless, there is no clinical evidence that prolonged exposure
(as with continuous PNB) of nerves to local anesthetic solutions
of appropriate concentration predisposes to neurotoxic injury.49
Systemic toxicity is most often related to accidental intravascular injection, and rarely to the administration of an excessive
quantity of local anesthetic to an appropriate site. The risk of
systemic toxic reactions is often related to the drug used. Ropivacaine (generally at 0.5%) is a recent example of a drug introduced into clinical practice in order to reduce central nervous system and cardiovascular toxicity through its physiochemical and
stereoselective properties.50,51 Despite this, there are examples of
ropivacaine toxicity during PNB.52–55 One strategy to potentially
reduce the volume and concentration of local anesthetic solution
required to produce a successful block is the use of US imaging
to more accurately position the needle in close proximity to the
nerve and to visualize the spread of solution to ensure adequate
exposure.56,57 Of greatest importance is the ability to avoid intravascular injection. This risk may be reduced when using US, especially if combined with color Doppler for vessel localization.
The degree of systemic drug absorption and the duration of
anesthesia can also vary depending on the site of injection (i.e.,
level of vascularization) and addition of vasoconstrictors. The
highest blood levels of local anesthetic occur after intercostal
blocks, followed by caudal, epidural, brachial plexus, intravenous regional, and lower extremity blocks. Equivalent doses of
local anesthetic may produce only 3 to 4 hours of anesthesia
when placed in the epidural space, but 12 to 14 hours in the arm,
and 24 to 36 hours when injected along the sciatic nerve. Many
believe that the addition of epinephrine (1:200,000 to 1:400,000)
is advantageous in prolonging the duration of block and in reducing systemic blood levels of local anesthetic, although this has
more relevance to local anesthetics like lidocaine and less to ones
like bupivacaine. Its use is not appropriate in the vicinity of “terminal” blood vessels, such as in the digits, penis, or ear or when
using an intravenous regional technique. Using signiicant quantities of local anesthetic during PNB should not be performed
unless oxygen, suction, and appropriate resuscitation equipment
is immediately available. However, even small doses of local anesthetic may produce signiicant side effects when injected into susceptible regions such as the neck. When performing PNB, a test
dose of an epinephrine-containing solution and small incremental injections are recommended to reduce the risk of unrecognized
intravascular injection. Toxicity can also occur from peripheral
absorption of excessive doses of local anesthetic. Patients should
be observed carefully for at least 30 minutes following injection
because peak blood levels may occur at this time.
Animal studies58 and recent case reports59,60 have shown successful resuscitation from local anesthetic toxicity by intravenous
administration of intralipid (20% lipid; not the 10% lipid of
propofol), using one or more boluses (each of 1 to 2 mL/kg or

100 mL) followed by a 30-minute infusion (0.5 mL/kg/min). It is
important to use this strategy as an acute resuscitation agent, only
after standard measures have proven ineffective.

Nerve Damage and Other Complications
Peripheral nerve injury in humans may result from intraneural
injection61,62 or direct needle trauma,63 although there are other
causes, including those related to the surgical procedures (e.g.,
patient positioning, proximity of nerve to surgical site, and tourniquet application).64 Needle-related trauma without injection
may result in injury of lesser magnitude than that from injection
injury.65 In animal studies, nerve injury appears to occur when
high injection pressures are applied intrafascicularly and particularly when highly concentrated local anesthetic solutions or their
preservatives are used.43,44,66 One major sequela from intrafascicular injection is endoneural ischemia.67 While in some cases these
syndromes resolve uneventfully, full recovery of some peripheral
injuries may never occur or may require several months, a result
of slow regeneration of injured peripheral nerves.61
Other minor complications that have been reported following PNB include pain at the site of injection and local hematoma
formation, but these are self-limited side effects and are best dealt
with by communication with the patient and reassurance by the
anesthesiologist. A hematoma around a peripheral nerve is not
of the same signiicance or risk as that occurring in the epidural or subarachnoid space. It is important to address concerns
expressed by patients and to make every effort to relieve any pain
or discomfort resulting from various interventions.

Discharge Criteria
Stable vital signs must be present in order to fulill criteria for discharge from the recovery area. In some cases, acceptable evidence
of regressing sensory and motor blocks should be present. However, if a long-lasting local anesthetic was used to perform the
block or a continuous catheter with an infusion of local anesthetic
is present, the block may not show evidence of regression at the
time of discharge. Postoperative follow-up is important to conirm that neurologic function has returned to normal. If a deicit
is suspected, early neurologic assessment is critical to determine
the appropriate course of management.
Patients should have well-controlled pain upon discharge. Incorporating a standard level of pain relief (e.g., on a verbal rating scale)
prior to discharge home or to the ward is prudent. Speciic common risks for certain blocks should be discussed with the patient
prior to discharge. When discharging patients from postanesthesia
care units while an extremity is still anesthetized (e.g., the block was
performed to provide extended analgesia), it is absolutely necessary
to provide in-depth instruction related to the risks and their prevention (e.g., risk of burns to anesthetized areas will require avoidance of certain forms of cooking; potential for developing pressure
neuropathies). A clear understanding of the information provided
is important for both the patient and their caregivers. Written
instructions including expected course, common side effects, and
24-hour contact information should be provided.

Premedication and Sedation
The best preparation for a regional technique is careful patient
selection and ensuring that the patient is adequately educated and
informed about the anesthetic and surgical procedures. Supplemental medication is often helpful. Appropriate sedation and
analgesia is an essential part of successful regional anesthesia in
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order to produce maximum beneit with minimal side effects.
Effective sedation can be achieved with a variety of medications,
including but not limited to propofol, midazolam, fentanyl,
ketamine, remifentanil, alfentanil, or a combination of these
drugs. The dosages should be titrated to reach an appropriate
level of sedation for the individual patient, speciic nerve block
procedure and length of surgery. Some examples are listed below.

Bolus
■
■
■
■

Midazolam 1 to 2 mg (titrated up to 0.07 mg/kg)
Fentanyl 0.5 to 1 µg/kg
Alfentanil 7 to 10 µg/kg
Ketamine 0.1 to 0.5 mg/kg
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responsiveness must be maintained. This does not preclude the
use of an amnestic agent; small doses of propofol or midazolam
may provide excellent amnesia while maintaining levels of consciousness that still allow cooperation.

clInIcal anatomy
Anatomical descriptions of major nerve structures, including
plexuses and terminal/peripheral nerves are discussed in this section. The section is divided on the basis of regions of the body
and includes the head and neck, spine, upper extremity, trunk,
and lower extremity.
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In addition to the general comments about premedication
discussed in earlier chapters, regional anesthesia techniques have 1
Head and Neck
special requirements. Sedation must be adjusted to the required
level of patient cooperation. In the case of elicitation of a parTrigeminal Nerve
esthesia (as during several blocks in the head and neck region)
Sensory and motor innervation of the face is provided by the
or electrical stimulation techniques, the level of sedation must be
branches of the ifth cranial (trigeminal) nerve. The roots of this
suficient to allow the patient to identify and report nerve contact.
nerve arise from the base of the pons and send sensory branches
Although a low dose of opioid (50 to 100 µg of fentanyl or equivato the large semilunar (trigeminal or Gasserian) ganglion, which
lent) will help ease the discomfort of nerve localization, patient
lies on the dorsal surface of the petrous bone. Its anterior margin

FIGure 35-4. Major branches of the trigeminal nerve. The roots of
this nerve arise from the pons and form the large Gasserian (or semilunar) ganglion. The three major branches have separate exits from the
skull. The main terminal fibers of the ophthalmic nerve—the frontal
nerve—terminate as the supraorbital and supratrochlear nerves and
exit their respective foramen. The maxillary and mandibular branches
emerge from the skull medial to the lateral pterygoid plate. The maxillary nerve terminates as the infraorbital nerve (through such named
foramen), and the mandibular nerve provides the inferior alveolar nerve
(as well as motor branches), which exits at the mental foramen as the
mental nerve.

FIGure 35-5. Lateral view of the surface of the head, showing
the cutaneous innervation of the superficial/distal trigeminal nerve
branches to the face and the anatomy and block needle insertion
angles to perform a superficial cervical plexus block. The needle is initially inserted perpendicular to the skin at the midpoint of the lateral
border of the sternocleidomastoid muscle (where it is crossed by the
external jugular vein). Subsequently, the needle can be inserted in superior and inferior angulations to reach the entire cervical plexus. SO,
supraoribtal nerve; ST, supratrochlear nerve; IO, infraorbital nerve; M,
mental nerve.
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gives rise to three main branches: The ophthalmic, maxillary,
and mandibular nerves (Fig. 35-4). A smaller motor iber nucleus
lies behind the main trigeminal ganglion and sends motor
branches to one terminal nerve, the mandibular. The three major
branches of the trigeminal nerve each have a separate exit from
the skull:
■

■

The uppermost ophthalmic branch passes through the sphenoidal issure into the orbit. The main terminal ibers of this
sensory nerve, the frontal nerve, run to behind the center of the
orbital cavity and bifurcate into the supratrochlear and supraorbital nerves. The supratrochlear branch traverses the orbit
along the superior border and exits on the front of the face in
the easily palpated supraorbital notch; the supraorbital nerve
runs in a medial direction toward the trochlea (Fig. 35-5).
The maxillary nerve contains only sensory ibers. It exits
the skull through the round foramen (foramen rotundum),
passes beneath the skull anteriorly, and enters the sphenopalatine fossa. At this point, it lies medial to the lateral pterygoid
plate on each side. At the anterior end of this channel, it again
moves superiorly to re-enter the skull in the infraorbital canal
in the loor of the orbit. It branches to form the zygomatic
nerve, which extends to the orbit, the short sphenopalatine
(pterygopalatine) nerves, and the posterior dental branches.
The anterior dental nerves arise from the main trunk as it
passes through the infraorbital canal. The terminal infraorbital nerve penetrates through the inferior orbital issure
to the base of the orbit, to the infraorbital groove and canal

FIGure 35-6. Schematic of the cervical plexus,
which arises from the anterior primary rami of
C2–C4. The motor branches (including the phrenic
nerve) curl anteriorly around the anterior scalene
muscle and travel caudally and medially to supply
the deep muscles of the neck. The sensory branches exit at the lateral border of the sternocleidomastoid muscle to supply the skin of the neck and the
shoulder.

■

(just below the eye and lateral to the nose), and reaches the
facial surface of the maxilla. It then divides into the palpebral (lower eyelid), nasal (wing of the nose), and labial nerves
(upper lip).
The mandibular nerve is the third and largest branch of the
trigeminal, and the only one to receive motor fibers. It exits
the skull posterior to the maxillary nerve through the oval
foramen (foramen ovale), forms a short thick trunk, and
then divides into an anterior trunk, mainly motor, and a
posterior trunk, which is mostly sensory. The main branch
(posterior trunk) continues as the inferior alveolar nerve
medial to the ramus of the mandible and innervates the
molar and premolar teeth. This nerve curves anteriorly to
follow the mandible and exits as a terminal branch (mental nerve) through the mental foramen. The mental nerve
provides sensation to the lower lip and chin. Other terminal
nerves include the lingual nerve (floor of mouth and anterior two-thirds of tongue) and the auriculotemporal nerve
(ear and temple).

Cervical Plexus
Sensory and motor ibers of the neck and posterior scalp arise
from the anterior rami (branches) of the irst four cervical
(C1–C4) spinal nerves. The cervical plexus is unique in that it
divides early into cutaneous branches (penetrating the cervical
fascia) (Fig. 35-6) and muscular branches (deeper branches that

CHAPTER 35 Peripheral Nerve Blockade

■

■

■
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trough at the terminal end of the transverse process divides
into an anterior and a posterior tubercle, which can often be
easily palpated.
These tubercles also serve as the attachments for the anterior
and middle scalene muscles, which form a compartment for
the cervical plexus as well as the brachial plexus immediately
below. The compartment at this level is less developed than the
one formed around the brachial plexus.
The deep muscular branches curl anteriorly around the lateral
border of the anterior scalene and then proceed caudally and
medially. Many branches serve the deep anterior neck muscles, but other branches include the inferior descending cervical nerve, the trapezius branch of the plexus, and the phrenic
nerve, which give anterior branches to the sternocleidomastoid
muscle as they pass behind it.
The sensory ibers emerge behind the anterior scalene muscle
but separate from the motor branches and continue laterally
to emerge supericially under the posterior border of the sternocleidomastoid muscle. The branches, including the lesser
occipital nerve, great auricular nerve, transverse cervical nerve,
and the supraclavicular nerves (anterior, medial, and posterior branches), innervate the anterior and posterior skin of the
neck and shoulder.

Occipital Nerve
The ophthalmic branch of the trigeminal nerve provides sensory
innervation to the forehead and anterior scalp; the remainder of
the scalp is innervated by ibers of the greater and lesser occipital
nerves (Fig. 35-9).
■

innervate the muscles and joints), which can be blocked separately (Fig. 35-7). The dermatomes of the cervical nerves C2–C4
are illustrated in Figure 35-8.
■

Classic cervical plexus anesthesia along the tubercles of the
vertebral body produces both motor and sensory blockade.
The transverse processes of the cervical vertebrae form peculiar elongated troughs for the emergence of their nerve roots.
These troughs lie immediately lateral to a medial opening for
the cephalad passage of the vertebral artery (Fig. 35-7). The

■

The lesser occipital nerve arises from the supericial (cutaneous)
cervical plexus (Fig. 35-6) and traverses cephalad from the posterior edge of the sternocleidomastoid muscle toward the top
of the head, dividing into several branches. The greater occipital
nerve arises from the posterior ramus of the second cervical
spinal nerve (the cervical plexus arises from the anterior rami)
and travels in a cranial direction to reach the skin in the area
of the superior nuchal line while giving branches to supply the
head and laterally toward the ear.
These nerves can be blocked by supericial injection at the
point on the posterior skull where they emerge from below the
muscles of the neck.

FIGure 35-8. The cervical, thoracic, lumbar and sacral
dermatomes of the body.
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FIGure 35-7. Needle insertion points and angles for the deep cervical plexus blockade. The nerve roots exit the vertebral column via the
troughs formed by the transverse processes. The needle is inserted to
make contact with the articular pillars of C2–C4 using a caudad and
posterior direction.
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■

It is important to realize that the irst cervical (C1) nerve leaves
the spinal cord and courses above the atlas (C1 vertebra).
Hence the cervical nerves are numbered corresponding to the
vertebrae inferior to them. From this point on, all the spinal
nerves are named corresponding to the vertebral level above.
For example, the T3 and L4 spinal nerves exit below the T3 and
L4 vertebrae, respectively.

Paravertebral Space
The paravertebral space is a bilateral wedge-shaped area between
the individual vertebrae, on either side of and extending the entire
length of the vertebral column. The spinal nerves pass through
this space, giving off their sympathetic branch and a small dorsal
sensory branch before exiting from the intervertebral foramina.
In the thoracic region, its boundaries are as follows:
■
■
■

FIGure 35-9. Greater and lesser occipital nerve distributions, supply,
and block needle insertion sites.

Medially: The vertebral body, intervertebral disc and foramen,
and spinous processes (angulation decreases from T1 to L4/L5);
Anterolaterally: The parietal pleura; and
Posteriorly: The costotransverse process, approximately 2.5 cm
from the tip of the spinous process, often in a slightly caudad
orientation.

The intervertebral foramina at each level lie between the transverse processes and approximately 1 to 2 cm anterior to the plane
formed by the transverse processes in their associated fasciae. At
this point, the sympathetic ganglia lie close to the somatic nerves,
and coincidental sympathetic blockade is usually attained.

Orientation of the Vertebral Body Processes

Spine
Spinal/epidural anesthesia is not discussed in this chapter, but a
basic description of the spinal nerves as well as vertebral structures is provided, given their relevance to the performance of
other regional blocks.

There are variations in the anatomy of the vertebral column that
should be considered when determining the desired location for
needle insertion during blocks of the trunk.
■
■

Spinal Nerves
The spinal nerves are part of the peripheral nervous system, along
with the cranial and autonomic nerves and their ganglia. There
are 31 pairs of spinal nerves—8 cervical (C1–C8), 12 thoracic
(T1–T12), 5 lumbar (L1–L5), 5 sacral (S1–S5), and 1 coccygeal.
■

■

■

The spinal nerves are formed by the union of the ventral (anterior) and dorsal (posterior) spinal roots and consist of both
motor and sensory ibers. In addition, all spinal nerves contain
sympathetic ibers for supplying blood vessels, smooth muscle,
and glands in the skin.
The nerves give off sympathetic branches immediately after
leaving the intervertebral foramen. Gray and white rami communicantes connect the spinal nerves to the sympathetic chain
ganglia to allow preganglionic sympathetic ibers leaving the
spinal cord (T1–L2/L3) to enter the chain and leave it again to
be distributed with spinal nerves at all levels.
Soon after exiting the intervertebral (spinal) foramina, each
spinal nerve in turn divides into a larger ventral and a smaller
dorsal ramus (branches). The ventral rami course laterally and
anteriorly to supply the muscles, subcutaneous tissues (supericial fascia) and skin of the neck, trunk, and the upper and
lower extremities (see the dermatomes of the body in Fig.
35-8). The dorsal rami course posteriorly and supply the paravertebral muscles, subcutaneous tissues, and skin of the back
close to the midline.

■

The spinous processes lie in the midline, with T7 at the distal
tips of the scapulae and L4 at the level of the iliac crests.
The transverse processes lie approximately 2.5 cm lateral to the
spinous processes: At T1, the transverse process is directly lateral to its corresponding spinous process, but subsequent transverse processes are extended to increasingly cephalad locations
(i.e., T7 transverse process is lateral to T6 spinous process).
In the lumbar region, the spinous processes are straight, and
the transverse processes lie opposite their own respective
spinous process.

Upper Extremity
Brachial Plexus
The brachial plexus (Fig. 35-10) classically arises from the anterior primary rami of C5–C8 and T1 spinal nerves. The plexus
consists of ive roots, three trunks, six divisions (two per trunk),
three cords, and ive major terminal nerves.
■

■

■

The C5–T1 nerve roots emerge from their corresponding intervertebral foramina and then travel along the grooves between
the anterior and posterior tubercles of the corresponding
transverse process. They inally emerge between the scalenus
anterior and medius muscles, above the second part of subclavian artery and posterior to vertebral artery.
The C5 and C6 nerve roots unite to form the upper (superior)
trunk, C7 continues as the middle trunk, and C8 and T1 converge into the lower (inferior) trunk.
Fibrous sheaths (as part of the prevertebral fascia) surround
the anterior and posterior parts of the plexus and continue to
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FIGure 35-10. Schematic of the brachial plexus. Many
branches, including the medial cutaneous nerves of the forearm and arm, which arise from the medial cord are not shown
here.

■

■

■

■

Terminal Nerves of the Brachial Plexus
The anatomy of the peripheral nerves is outlined here, although
the clinically related innervation patterns are included in the
discussion of each block’s technique. Figure 35-11 illustrates the

courses of these nerves within the upper extremity. Figure 35-12
illustrates the cutaneous innervation of the terminal nerves of
the upper extremity. The axillary nerve is an additional terminal
nerve of the upper extremity, but the anatomy and blocking of
this nerve will not be discussed here.

Radial Nerve (Originates from C5–C8 and T1 Roots,
Upper and Middle Trunks, Posterior Divisions, and
Posterior Cord)
■

■

■

This nerve originates deep (often posteromedial)69 to the axillary artery, descends within the axilla (giving off branches to
long head of the triceps brachii), passes between the medial
and lateral heads of the triceps, and then descends obliquely
across the posterior aspect of the humerus along the spiral
(radial) groove at the level of the deltoid insertion.
The nerve travels posterior and medial to the deep brachial
artery of the arm and reaches the lateral margin of the humerus
5 to 7 cm above the elbow before crossing over the lateral epicondyle and entering the anterior compartment of the arm.
In front of the elbow, the nerve divides and continues as the
supericial radial (sensory) and the deep posterior interosseous
(motor) nerves.

Median Nerve (Originates from C5–C8, T1, All Trunks,
and Lateral and Medial Cords)
■

■

■

In the axilla, this nerve often lies anterolateral to the axillary
artery.69,70 The nerve descends along the medial aspect of the
arm lateral to the brachial artery and crosses the artery, usually
anteriorly, at the midpoint of the arm at the insertion of the
coracobrachialis muscle.
The nerve crosses the elbow lying medially on the brachialis
muscle and just medial to the brachial artery and vein (all of
these are medial to the biceps brachii tendon).
Distal to the antecubital fossa, the nerve gives off the anterior
interosseous nerve and cutaneous sensory branches.
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■

envelope the plexus between the scalene muscles more distally
(called the interscalene fascial sheath proximally and the axillary sheath distally).
The three trunks travel inferolaterally and cross the base of
the posterior triangle of the neck (supericial) and the irst rib
(upper and middle trunks above the subclavian artery and lower
trunk behind or below the artery). At the lateral border of irst
rib, each trunk bifurcates into anterior and posterior divisions.
Approximately at the level where the nerves course under
the pectoralis minor muscle, the divisions converge to form
three cords: Lateral cord—anterior divisions of upper and
middle trunks (C5–C7); medial cord—anterior division of
lower trunk (C8, T1); posterior cord—posterior divisions of
all three trunks (C5–T1).
The cords are grouped around the second part of the axillary
artery (within 2.5 cm from its center).68 There are three parts of
the axillary artery named for their positions above (medial to),
behind, and below (lateral to) the pectoralis minor muscle. Typically, with a US probe placed to view the transverse axis of the
cords, the medial cord lies inferior, the lateral cord superior, and
the posterior cord posterior to the irst part of the axillary artery.
Immediately beyond the pectoralis minor muscle, the three
cords diverge into the terminal branches; these include the
median, ulnar, radial, axillary, and musculocutaneous nerves.
The phrenic nerve normally descends anterior to the scalenus
anterior muscle and crosses the muscle from lateral to medial
as it descends and passes under the clavicle and through the
superior thoracic aperture into the superior mediastinum, just
medial to the external jugular vein. However, there is anatomic
variation of the course of the phrenic nerve and it is not always
anterior to the scalenus anterior muscle.

950

A

SECTION VII Anesthesia for Surgical Subspecialties

B
FIGure 35-11. Courses of the terminal nerves of the upper extremity. The posterior view (A) illustrates the branches from the
posterior cord (axillary and radial nerves) while the anterior view (B) illustrates the branches from the lateral (musculocutaneous
and median nerves) and medial (median and ulnar nerves) cords.

Musculocutaneous Nerve (Originates from C5–C7 Roots,
Upper and Middle Trunks, Anterior Divisions, Lateral Cord)
■

This nerve leaves the fascial sheath of the plexus approximately at
the level of the coracoid process; thus, the infraclavicular location
for brachial plexus block is the most distal block for this nerve.

FIGure 35-12. Cutaneous innervation of the upper
extremity nerves.

■

Just distal (2 to 3 cm) to the pectoralis major muscle attachment, the nerve usually pierces the coracobrachialis muscle,
after which it exits and comes to lie between the coracobrachialis muscle and the short and long heads of the biceps brachii
muscle.
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Although it is dificult to observe using US, the nerve continues
as the lateral cutaneous nerve of the forearm at the antecubital
fossa and courses along the lateral aspect of the forearm providing subsequent anterior and posterior branches.

■

Ulnar Nerve (Originates from C7–C8, T1 Roots, Lower
Trunk, Anterior Division, Medial Cord)
■

■

■

■

Initially, the nerve often courses between the axillary artery
and vein (it may lie anteromedial to the artery and vein) and
then along the medial aspect of the brachial artery to the midpoint of the humerus before passing posteriorly and following
the anterior surface of the medial head of the triceps.
The nerve then passes behind the medial epicondyle of the
humerus (in the condylar groove), divides between the
humeral and ulnar heads of the lexor carpi ulnaris, and lies on
the medial aspect of the elbow joint.
During its descent through the forearm, the nerve courses
anteriorly, to approach the ulnar artery directly anterior to the
ulna at the junction of the lower third and upper two-thirds of
the forearm.
At the wrist, it crosses supericial to the lexor retinaculum and
divides into supericial and deep branches; the ulnar artery lies
anterolateral to the nerve at the wrist.

Trunk
Intercostal Nerves and Articulations
Intercostal Nerves
■

■
■

■

Anatomic Variation
There are many variations in the anatomy of the brachial plexus71
and in the course of the terminal nerves and vascular elements.
Some of these variations may contribute to dificulty when performing PNB, since there may be unexpected NS responses (e.g.,
if two nerves are conjoined) or poor localization by NS or by US
imaging (e.g., if the nerve follows a substantially different path).
Some examples are described below:
■
■

■

■

■

The plexus may include anterior rami from C4 to C8 (“preixed”) or, less commonly, from C5 to T2 (“postixed”).
The existence and/or characteristics of the connective tissue
sheath that invests the plexus at various regions are controversial. A continuous, tubular sheath has been shown unlikely,
especially in the axillary region. A more convoluted and septated structure may be the cause of nonuniform distribution
of local anesthetic in many cases, which supports the indings
that multiple injection techniques may be superior.72 US guidance can be valuable in this location to ensure circumferential
spread of local anesthetic around the nerves.
The interscalene groove may have variation in the relationship between the plexus roots and trunks and the muscles. For
example, the C5 and/or C6 nerve roots may traverse either
through or anterior to the anterior scalene muscle.73
In many cadaver specimens, no inferior trunk exists.74 A single
cord or a pair of cords may develop. It has been observed that
no discrete posterior cord forms in some cases, with the posterior divisions diverging to form terminal nerves.71
The terminal nerves may lie in various relations to the axillary vessels. The use of combined NS- and US-guided technique to both conirm the nerve localization (NS) and obtain
circumferential spread of local anesthetic around each of the
nerves (US) may improve block success.8 The musculocutaneous nerve may fuse to or have communications with the
median nerve, which can result in the absence of the former
from within the coracobrachialis muscle.75,76 Communication
between the median and ulnar nerves in the forearm are common, with the median nerve replacing the innervation to various muscles normally supplied by the ulnar nerve.77

There may also be variations with respect to the vessels within
the arm, with aberrant formations including double axillary
veins, high origin of the radial artery, and double brachial
arteries.78–80

At the thoracic level, each anterior primary ramus enters a
neurovascular bundle with its respective artery and vein and
travels along the intercostal groove on the ventral caudad surface of each rib.
The fasciae of the internal and external intercostal muscles
provide interior and external borders of the intercostal groove.
As the intercostal nerves travel beyond the midaxillary line,
they give off a lateral sensory branch, while the main trunk
continues on to the anterior abdominal wall to provide sensory and motor innervation for the trunk and abdomen down
to the level of the pubis.
The intercostal groove becomes much less well deined anterior to the midaxillary line, and the nerves begin to move away
from their protected position. The lowermost intercostal nerve
(subcostal; the 12th) is much less proximal to its accompanying rib and is not as easy to identify and anesthetize using a
classic intercostal blockade technique.

Costovertebral Articulations
■

The ribs articulate through two synovial joints with the vertebral column, each enclosed in ibrous capsules that are reinforced by ligaments:
■ Costovertebral joint is a synovial articulation of the head of
the rib with the demi-facets on the adjacent thoracic vertebral bodies and the corresponding intervertebral disc of the
upper vertebral joint (except for 1st, 10th, 11th, and 12th
ribs, which articulate with a single vertebral facet).
■ Costotransverse joint is a synovial joint between the articular
facets on the tubercles of the ribs and the transverse processes of the thoracic vertebrae (the 11th and 12th ribs lack
this articulation since they do not possess tubercles). Penetration of the costotransverse ligament may occur during
paravertebral block.

lumbar Spinal Nerves and Plexus
The spinal nerves at the lumbar level follow the same course as
those of the thoracic level when leaving the intervertebral foramen, yet the anterior (ventral) rami form the lumbar plexus
instead of continuing as intercostal nerves. The lumbar plexus
(Fig. 35-13) is formed by the union of the anterior primary rami
of L1–L3 and part of L4.
■

■

The upper nerve roots emerge from their foramina into a compartment lined by the fasciae of muscles anterior and posterior
to it. In this case, the quadratus lumborum is posterior, while
the posterior fascia of the psoas muscle provides the anterior
border of the compartment before the nerves move into the
body of the muscle.
The lumbar plexus supplies the skin and muscles of the lower
part of the anterior abdominal wall (including the external
genitalia) and the skin and muscles of the anterior and medial
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FIGure 35-13. Lumbar (L1–L4) and sacral (L4–S4) plexuses.

compartments of the thigh. L1 bifurcates into an upper part
(iliohypogastric and ilioinguinal nerves) and a lower part,
which joins with a branch from L2 to form the genitofemoral nerve. L3, with portions of L2 and L4, divides into anterior
and posterior divisions; the anterior division forms the obturator (L2–L4) and accessory obturator (L3, L4, when present)
nerves, and the posterior division forms the lateral (femoral)
cutaneous nerve of the thigh (L2–L3) and the femoral nerve
(L2–L4).
In anatomic relation to the psoas major muscle, the obturator (L2–L4) and accessory obturator nerves emerge from its
medial border, the genitofemoral (L1, L2) pierces the muscle to
lie on its anterior surface, and all others emerge from its lateral
border.
Terminal nerves of the lumbar plexus are discussed in the
Lower Extremity section.

where it provides cutaneous innervation to the skin of the
scrotum (or labium majus) and adjacent thigh.

lower Extremity
Together, the lumbar and sacral plexuses (Fig. 35-13) supply the
lower limb. The formation of the lumbar plexus is discussed in
the section above. Important landmarks that contain the plexus
during its course include the psoas compartment, bordered posteriorly by the quadratus lumborum muscle and anteriorly by the
posterior fascia of the psoas muscle, and, more distally, the substance of the psoas major muscle. The anatomy of the terminal
nerves is examined below, as are the formation and branches of
the sacral plexus. The cutaneous innervation in the lower extremity is shown in Figure 35-14. The lower extremity dermatomes are
shown in Figure 35-8.

Inguinal Nerves
The iliohypogastric nerve penetrates the transverse abdominis
muscle just above the iliac crest, supplies it, and divides into anterior and lateral cutaneous branches:
■

■

The anterior branch pierces and supplies the internal oblique
muscle just 2 cm medial to the anterior superior iliac spine.
It then courses deep to the external oblique muscle and superior to the inguinal canal and pierces the external oblique
aponeurosis about 2 to 3 cm above the supericial inguinal
ring, terminating subcutaneously in the skin of the suprapubic region.
The lateral cutaneous branch supplies the anterolateral portion of the gluteal skin after piercing both the oblique muscles.
The ilioinguinal nerve pierces and supplies the internal oblique
muscle and then enters the inguinal canal, in which it traverses
outside the spermatic cord to emerge through the supericial
(external) inguinal ring (the external oblique aponeurosis),

FIGure 35-14. Cutaneous innervation from the terminal nerves of
the lower extremity.
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At the medial border of the psoas major muscle, the lumbosacral
trunk is formed by the union of a branch of L4 and the anterior
ramus of L5. After exiting through the anterior sacral foramina,
the anterior primary rami of S1–S4 join the lumbosacral trunk to
form the sacral plexus (Fig. 35-13). The nerves of the plexus converge toward the greater sciatic foramen anterior to the piriformis
muscle on the posterior pelvic wall. The main terminal nerves are
the sciatic nerve (continuation of the plexus) and the pudendal
nerves (“terminal branches”). Several other small branches are
given off, including muscular branches (e.g., inferior and superior gluteal nerves and nerves to the quadratus femoris, piriformis, obturator internus, and external sphincter muscles), cutaneous branches (e.g., posterior cutaneous nerve of the thigh), and
visceral branches (pelvis splanchnic nerves). The gluteal vessels
(superior and inferior) generally follow the course of the sacral
nerves in the anterior plane and can be used to help identify the
sciatic nerve at its proximal course. Additional vascular structures
that may be identiied under US imaging are the pudendal vessels,
which pass from the greater to lesser sciatic foramen between the
sciatic and pudendal nerves.

Sciatic, Tibial, and Common Peroneal Nerves
The sciatic nerve—the largest nerve of the body—is usually
the conjunction of two trunks initially enveloped in a common
sheath: A lateral trunk (L4–S2), which eventually emerges as the
common peroneal nerve and a medial trunk (L4–S3), which later
becomes the tibial nerve. These combined nerves exit through the
sciatic notch and pass anteriorly to the piriformis muscle to then
lie between the ischial tuberosity and the greater trochanter of the
femur. They curve caudally and descend in the posterior thigh
adjacent to the femur. At a variable distance within the posterior
thigh (often high in the popliteal fossa), the sciatic nerve bifurcates into the tibial and common peroneal nerves. The common
peroneal nerve descends along the medial border of the biceps
femoris muscle and then on the lateral border of the gastrocnemius muscle. At the fossa it gives off the lateral sural nerve, which
forms the lateral sural cutaneous nerve by joining the medial
sural nerve supplied by the tibial nerve. It winds around neck
of the ibula and terminates as the deep and supericial peroneal
nerves. In the posterior thigh, the tibial nerve is covered medially by the semitendinosus and semimembranosus muscles and
laterally by the biceps femoris muscle. Beyond the knee joint, it
is covered by both heads of the gastrocnemius muscle and then
deep to the soleus muscle, before coming to an end on the tibialis
posterior muscle and inally on the posterior surface of the tibial
shaft medial to the medial malleolus. Within the fossa, it gives off
muscular branches (gastrocnemius, soleus, popliteus, and plantaris muscles) as well as the medial sural nerve (to join its lateral
counterpart from the common peroneal nerve). In the lower leg
and foot, it gives off muscular, articular (ankle), and cutaneous
branches and terminates as the medial and lateral plantar nerves.
The nerve is often called the posterior tibial nerve in the lower leg.

Terminal Nerves of the lumbar Plexus

It supplies the cremaster muscle and skin over the scrotum and
adjacent thigh (males) or the skin over anterior part of labium
majus and mons pubis (females). The femoral branch descends
lateral to the external iliac artery, passes under the inguinal ligament, enters the femoral sheath lateral to the femoral artery, and
pierces the anterior layer of the femoral sheath and fascia lata.
It innervates the skin immediately below the crease of the groin
anterior to the upper part of the femoral triangle.

Lateral Cutaneous Nerve of Thigh (aka, Lateral Femoral
Cutaneous Nerve) (L2, L3)
This nerve passes obliquely from the lateral border of the psoas
major muscle over the iliacus to enter the thigh below or through
the inguinal ligament, variably medial to the anterior superior
iliac spine (Fig. 35-15). On the right side of the body, the nerve
passes posterolateral to the cecum, and on the left it traverses
behind the lower part of the descending colon. The nerve lies on
top of the sartorius muscle before dividing into anterior (supplies
skin over the anterolateral aspect of the thigh) and posterior (supplies skin on the lateral aspect of thigh from the greater trochanter
to the midthigh) branches. Occasionally, this nerve is a branch of
the femoral nerve rather than its own nerve.

Femoral Nerve (L2–L4)
The femoral nerve is the largest nerve of this plexus, supplying
muscles and skin on the anterior aspect of the thigh. It descends
through the psoas major muscle and emerges low at its lateral
border, coursing inferiorly between the iliacus and psoas major
muscles to enter the thigh under the inguinal ligament (Fig.
35-15). At the inguinal ligament (line running between anterior
superior iliac spine and the medial pubic tubercle) and just distal to it (in the femoral triangle), the nerve lies slightly deeper
(0.5 to 1 cm) and lateral (approximately 1.5 cm) to the femoral
artery; the vein is medial to the artery (“VAN” is the mnemonic
for the anatomical relationship, starting medially). At the femoral (inguinal) crease (a few centimeters caudad to the inguinal
ligament), the nerve lies underneath the fascia iliaca (iliopectineal fascia), deep to the fascia lata. Beyond the femoral triangle,
the nerve branches into anterior (quite proximally) and posterior
divisions. The anterior division gives muscular branches to the
pectineus and sartorius muscles and cutaneous branches (intermediate and medial cutaneous nerves of thigh) to the skin on the
anterior aspect of the thigh. The posterior division sends muscular branches to the quadriceps femoris muscle and gives rise
to the saphenous nerve, its largest cutaneous branch. The saphenous nerve follows the femoral artery, lying lateral to it within the
adductor (Hunter’s, subsartorial) canal and then crossing it anteriorly to lie medial to the artery. Distal to the canal, the saphenous
nerve leaves the artery to lie supericial at the medial aspect of the
knee; the nerve then continues inferiorly (subcutaneously) with
the long (great) saphenous vein along the medial aspect of the leg
down to the tibial aspect of the ankle. The saphenous branch supplies the skin on the medial aspect of the leg below the knee and
on the medial aspect of the foot; it provides articular branches to
the hip, knee and ankle joints.

Genitofemoral Nerve (L1, L2)
This nerve leaves the lumbar plexus at the lower border of the
L3 vertebra. It pierces and then lies anterior to the psoas major
muscle before descending subperitoneally and behind the ureter, where it divides into two branches (genital and femoral) at a
variable distance above the inguinal ligament. The genital branch
crosses the external iliac artery and traverses the inguinal canal.

Obturator Nerve (L2–L4)
The obturator nerve emerges from the medial border of the psoas
major muscle at the pelvic brim to pass behind the common iliac
vessels and lateral to the internal iliac vessels. It then courses
inferiorly and anteriorly along the lateral wall of the pelvic cavity on the obturator internus muscle toward the obturator canal,
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FIGure 35-15. Illustration of the anterior thigh showing
neuromuscular anatomy and needle insertion sites (“X”)
along the inguinal crease to block the major branches of
the lumbar plexus. ASIS, anterior superior iliac spine.

through which it enters the upper part of the medial aspect of
the thigh above and anterior to the obturator vessels. The nerve
divides into its anterior and posterior branches near the obturator foramen (Fig. 35-15); the anterior branch passes into the
thigh anterior to the obturator externus, descends in front of the
adductor brevis, and behind the pectineus and adductor longus muscle, with its terminal cutaneous branches emerging as
it courses alongside the femoral artery. It supplies the adductor
longus, gracilis, adductor brevis (usually), and pectineus (often)
muscles. Cutaneous branches supply the skin on the medial
aspect of the thigh and perhaps to the medial knee. The nerve’s
posterior branch pierces the obturator externus muscle anteriorly
and supplies it, then passes behind the adductor brevis muscle
(sometimes supplies it) to descend on the anterior aspect of the
adductor magnus muscle (medial to the anterior branch), which
it supplies. There is no apparent cutaneous supply from this
nerve. It then traverses the adductor canal with the femoral artery
and vein to enter the popliteal fossa, where it terminates as an
articular branch to the back of the knee joint capsule (oblique
popliteal ligament).

Accessory Obturator Nerve (L3, L4)
This nerve is present in about 30% of individuals. It descends
along the medial border of the psoas major muscle, crosses the
superior pubic ramus behind the pectineus muscle, supplies it,
and gives articular branches to the hip joint.

Deep Peroneal Nerve (L5, S1)
This nerve lies anterior to the tibia and interosseus membrane
and lateral to the anterior tibial artery and vein at the ankle. It
travels deep to and between the tendons of the extensor hallucis longus and extensor digitorum longus muscles. Beyond the
extensor retinaculum, it branches into medial and lateral terminal branches; the medial branch passes over the dorsum of the
foot and supplies the irst web space through two terminal digital
branches, and the lateral branch traverses laterally and terminates
as the second, third, and fourth dorsal interosseus nerves.

Tibial Nerve (aka, Posterior Tibial Nerve; S1–S3)
On the posterior aspect of the knee joint, the tibial nerve joins the
posterior tibial artery and then runs deep through to the lower
third of the leg where it emerges at the medial border of the calcaneal tendon (Achilles tendon). Behind the medial malleolus
it lies beneath several layers of fascia and is separated from the
Achilles tendon only by the tendon of the lexor hallucis longus
muscle. The nerve is posteromedial to the posterior tibial artery
and vein, which are, in turn, posteromedial to the tendons of the
lexor digitorum longus and tibialis posterior muscles. Just below
the medial malleolus, the nerve divides into the lateral and medial
plantar nerves. The nerve innervates the ankle joint through its
articular branches and the skin over the medial malleolus, the
inner aspect of the heel (including Achilles tendon), and the dorsum of the foot (through the medial and lateral plantar nerves)
with its cutaneous branches.

Nerves at the Ankle
By the time the femoral, tibial, and common peroneal nerves
reach the ankle, there are ive branches that cross this joint to
provide innervation for the skin and muscles of the foot.

Superficial Peroneal Nerve
The supericial peroneal nerve lies lateral to the deep peroneal
nerve in the upper leg. In the anterolateral aspect of lower leg, it
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Sural Nerve
This nerve arises from tibial (medial sural nerve) and common
peroneal (lateral sural nerve) nerves. It emerges to the supericial compartment at a similar but posterior level to the supericial
peroneal nerve, 7 to 8 cm above the lateral malleolus. It then
curves around the malleolus at some distance (1 to 1.5 cm) to
enter and innervate the lateral aspect of the dorsal surface of the
foot.

Saphenous Nerve
The saphenous nerve is the supericial terminus of the femoral
nerve, which supplies the skin over the lower medial leg (Fig.
35-14). It leaves the femoral nerve proximally in the femoral
triangle (Scarpa’s triangle), descends within the adductor canal,
and courses beneath the sartorius muscle with the femoral artery
(beginning lateral of the vessel at irst and then crossing to the
medial side superior to the artery just proximal of the lower end
of the adductor magnus muscle). Further distally, the femoral
artery departs away from the sartorius muscle, traveling deep to
continue as the popliteal artery at the adductor hiatus. At this
location, the saphenous nerve continues its course under the sartorius muscle, traveling adjacent to the saphenous branch of the
descending genicular artery. It runs supericial at the medial surface of the lower leg and in front of the heel.

sPecIFIc tecHnIques
The remainder of this chapter is devoted to the procedural details
of speciic blocks, arranged, similar to the above section on anatomy, by regions of the body. In the sections for Upper Extremity,
Trunk, and Lower Extremity, details for using NS and US imaging during the blocks are included. The nerve stimulator is set to
deliver variable currents with a frequency of 2 Hz and pulse width
of 0.1 ms unless stated otherwise. The volumes of local anesthetic
included are those suggested for blocks during which NS was used
for nerve localization; US guidance may reduce the required volume in some instances. The igures in these sections will focus
predominantly on using combined US and NS-guided technique,
although procedures for blind techniques using NS are also
described. It is important to note that the igures illustrating technique in humans are representative of the clinical scenario, but
without all of the sterile preparation required so as to facilitate
observation of proper probe and needle handling. The description
of each technique is accompanied by practical tips and evidencebased recommendations. In addition, most of the suggestions
related to volume of local anesthetic are based on conventional
technique. Although it is not yet well established, many experts
speculate that the use of US guidance may reduce the volume of
local anesthetic required to achieve adequate blockade.

anesthetic offering optimal postsurgical analgesia. Blocks can be
used for ophthalmic, neurologic, ENT, plastic, and endocrine
surgeries. Regional anesthesia techniques, such as trigeminal or
occipital nerve block, may also be used for diagnostic and therapeutic purposes in acute and chronic pain syndromes. Block techniques range from local iniltration to ield block to speciic nerve
blocks. Since intraoperative airway control can be challenging,
the absence of deinitive airway control is a frequent source of
concern with regional techniques.
Regional anesthesia of the head and neck depends primarily on local iniltration and/or speciic nerve blocks placed with
reliable anatomical landmarks. Elicitation of a paresthesia is the
mainstay of nerve localization, while neither NS nor US imaging
have been performed or reported to any extent for these blocks.
Therefore, the description of techniques in this section will deviate from other areas where there is greater reliance on nerve localization modalities using NS and US imaging.

Trigeminal Nerve Blocks
For every procedure, prepare the needle insertion site and other
applicable skin areas with an antiseptic solution and use sterile
equipment. All of the blocks described below use the extraoral
route, although alternative intraoral routes may be suitable in
many cases.

Semilunar (Gasserian) Ganglion Block
The most comprehensive blockade of the trigeminal nerve targets
the central ganglion (Fig. 35-4). This block is usually performed
by neurosurgeons under luoroscopic guidance for treatment of
disabling trigeminal neuralgia. Few anesthesiologists perform this
technically dificult block and it will not be described in detail
here.

Superficial Trigeminal Nerve Branch Block
Trigeminal block can be easily performed by injection of the
three individual terminal supericial branches (supraorbital,
infraorbital, mental nerves). Each nerve is closely associated with
their respective foramina, and all foramina lie in the same sagittal plane on each side of the face (approximately 2.5 cm lateral to
the midfacial line passing through the pupil) (Fig. 35-16) and are
easily located by US.81 These foramina are readily palpable, and
these nerves can be blocked with supericial injections of small
quantities of local anesthetic. The bony landmarks are usually
suficient themselves for routine anesthetic purposes. However,
paresthesias are desirable when performing neurolytic blocks
with alcohol. An additional block of the supratrochlear nerve
is required if the ield of anesthesia is to cross the midline (Fig.
35-5). Generally, ine, short needles (e.g., 24 to 26 gauge, 25 to
40 mm) and small syringes (1 to 5 mL) will be suitable for these
blocks. The block is usually performed with the patient in the
supine position.
procedure

■

Head and Neck
Regional anesthesia for the head and neck is diverse, and many
head and neck surgical procedures are amenable to some form
of regional block. A regional technique may be the sole mode
of anesthesia or may be incorporated into a balanced general

■

Supraorbital nerve (terminal nerve of ophthalmic branch).
The supraorbital notch is easily palpated at the medial upper
angle of the orbit or located by US as shown in Figure 35-16.
The needle is inserted and local anesthetic (see Comments) is
slowly injected after aspiration, slightly outside the notch, and
produces anesthesia of the ipsilateral forehead.
Supratrochlear nerve (terminal nerve of ophthalmic branch).
Anesthesia of the supratrochlear nerve is obtained with
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becomes supericial about 7 to 8 cm above the lateral malleolus
and divides into medial and lateral dorsal cutaneous nerves to
supply the dorsum of the foot.
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Supraorbital, infraorbital,
and mental foramina

Initial US probe position

As US probe moves in the
direction indicated

Artery: Supraorbital and infraorbital
From top figure down
US probe
Direction of the US probe movement

FIGure 35-16. US showing the supraorbital, infraorbital, and mental foramena. The discontinuation of the hyperechoic bony
line indicates a gap along the bone surface which is the foramen.

■

■

supericial iniltration of the upper internal angle of the
orbital rim. This is needed if the ield of anesthesia is to cross
the midline.
Infraorbital nerve (terminal branch of maxillary nerve).
The infraorbital foramen lies about 1 cm below the middle
of the lower orbital margin. If the foramen cannot be palpated directly, it can be identiied by locating the discontinuity of the hyperechoic line on US81 (Fig. 35-16). The needle
should be introduced in a cranial direction through a skin
wheal approximately 0.5 cm below the expected opening.
After making contact with the bone and withdrawing slightly,
injection of a small quantity of local anesthetic is performed.
This block produces anesthesia of the middle third of the
ipsilateral face.
Mental nerve (sensory terminal branch of mandibular nerve).
The mental nerve emerges from its foramen, which lies inferior to the outer lip at the level of the second premolar, midway between the upper and lower borders of the mandible.
The mental canal angles medially and inferiorly; in this case,
therefore, needle insertion should start approximately 0.5 cm
above and 0.5 cm lateral to the anticipated location of the oriice if it cannot be palpated directly. Again, the use of US can
aid identiication of the foramen (Fig. 35-16). Slow injection
after aspiration at the opening of the canal produces anesthesia
of the mandibular area. Injection directly into the canal should
be avoided to reduce the risk of neural injury.

comments

■

■
■

■

■

■

Choice of local anesthetic for all blocks will depend on the purpose of the block and the duration of anesthesia required (e.g.,
1% mepivacaine for shorter procedures and 0.75% ropivacaine
for longer procedures). For surgical anesthesia, 2 to 5 mL of
local anesthetic may be used, while diagnostic or therapeutic
volumes will be much smaller (0.5 to 1 mL).
The blocks should be followed by local compression to prevent
hematoma formation.
PNB of the terminal branches of the trigeminal nerve offers
a safe and effective alternative to local iniltration for softtissue injury of the face. Despite this, local iniltration is often
required to rectify incomplete anesthesia, especially of the
supraorbital and infraorbital nerves.82
Infraorbital nerve block may be performed for postoperative
analgesia after cleft lip repair. Palpating anatomic landmarks
for this block can be dificult in the neonate, due to the developing facial coniguration.
Skull nerve blocks can be used for craniotomy procedures and
are also recommended to attenuate postoperative pain.83 The
nerves blocked to achieve successful anesthesia for craniotomy
include the supraorbital and supratrochlear nerves, the greater
and lesser occipital nerves, the auriculotemporal nerves and
the greater auricular nerves.
Supraorbital nerve blocks have been associated with a high
requirement for supplementation, perhaps due to the anatomic
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Maxillary Nerve Block

■

■

This block should be performed by practitioners with related
and adequate experience. It is required when supericial block
of the infraorbital nerve does not produce adequate anesthesia
or when anesthesia of the more proximal superior dental nerves
is required. This can be performed by a lateral approach to the
sphenopalatine fossa.
procedure

■

■

■

The patient either sits with the mouth slightly open, or lies
supine with a small towel under the occiput and the head
turned slightly away from the side to be blocked.
Above the zygomatic arch: The center of the upper zygomatic arch is marked. A 60- to 90-mm needle is introduced
at 45 degrees, caudally and medially, toward the contralateral
molar teeth. After a paresthesia is elicited at the nostril, upper
lip and cheek, slow incremental injection of local anesthetic is
performed after slight needle withdrawal and with frequent
aspiration.
Below the zygomatic arch (Fig. 35-17): The zygomatic arch
is marked along its course, and the patient is asked to open
and close the mouth slowly so that the curved upper border of
the mandible can be identiied. The mandibular fossa is pal-

■

pated between the condylar and coronoid processes. The lowest point of the mandibular notch is palpated, and an “X” is
marked at this spot, which is usually at the midpoint of the
zygoma. A local anesthetic skin wheal is raised at the “X” after
appropriate skin preparation.
With the patient’s jaw in the open position, a 60- to 90-mm
needle is introduced through the “X” at a 45-degree angle
toward the dorsal part of the eyeball (cephalad and slightly
anterior).
The needle should contact the lateral portion of the pterygoid
process (pterygoid plate) at a depth of 4 to 5 cm. It is then
withdrawn and redirected slightly cephalad and anteriorly
until it passes beyond the pterygoid plate and enters the pterygopalatine fossa at an additional depth of no more than 1 cm.
A paresthesia in the nose or the upper teeth conirms nerve
localization. The pterygopalatine fossa is highly vascular, so
care must be exercised to avoid intravascular injection.
Anesthesia can be achieved by injecting 5 mL into the pterygopalatine fossa, either on obtaining the paresthesia or blindly by
advancing 1 cm beyond the plate.

comments

■

■

One concern during this block is spread of local anesthetic to
adjacent structures, especially to the nerves in the orbit. If pain
occurs in the region of the orbit during the procedure, the injection should be stopped and the needle should be withdrawn.
Although the mainstay of treatment for trigeminal neuralgia
continues to be pharmacologic or neuroabalative, maxillary
nerve block with extraoral mandibular nerve block has been
reported to provide relief in some settings.85

Mandibular Nerve Block
This nerve can be blocked for dental and maxillary surgery or for
inferior dental pain, trigeminal neuralgia in the third branch, or
temporomandibular joint dysfunction. It is the only branch of the
trigeminal nerve where anesthesia carries the risk of loss of motor
(mastication) function.
procedure

■

■

■

■

FIGure 35-17. Lateral view of the skull showing the bony landmarks
and final needle insertion angles for the maxillary (red needle) and
mandibular (blue needle) nerves. Each block procedure involves first
reaching the lateral pterygoid plate (see text for details).

The patient lies supine with the face in proile. Landmarks
for location of the mandibular fossa are the same as those
described for maxillary nerve blockade.
A 60- to 90-mm needle is introduced through the skin wheal
and directed perpendicularly to the skin, without the cephalad
angulation required for maxillary nerve anesthesia.
When the pterygoid plate is contacted, the depth should be noted.
The needle is then redirected posteriorly until it passes beyond
the pterygoid plate. It should contact the nerve 0.5 to 1 cm
deep from the point where the pterygoid plate was contacted
(Fig. 35-17).
Paresthesia of the lower jaw, lower lip, and lower incisors at
a depth of approximately 4 to 4.5 cm conirms proximity to
the nerve. Gentle exploration in a cephalad and caudad direction, from the initial point where the needle passes posterior
to the plate, may be required. After slight needle withdrawal,
5 to 10 mL of solution is injected incrementally with repeated
aspiration to avoid intravascular injection. As with maxillary
blockade, paresthesias can be painful to the patient.

comments

■
■

Anesthesia of the auriculotemporal nerve is often delayed.
Facial nerve anesthesia can occasionally be seen when large
volumes are injected to block the mandibular nerve. This is of
little consequence unless neurolytic agents are used.
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■

variation of the nerve. The nerve may exit the skull undivided
or its medial and lateral branches may exit separately. For frame
pin placement during stereotactic neurosurgery, failure to block
the lateral branch may account for inadequate coverage.84
During mental nerve block in older patients, resorption of the
superior margin of the mandible will make the foramen appear
to lie more superiorly along the ramus.
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A more serious complication is the possibility of intravascular injection in this highly vascularized area. Injection should
be performed incrementally with small quantities and there
should be constant observation for signs of toxicity.
For patients with abnormal anatomy or accessory innervation
to the mandible, alternatives to the standard mandibular block
include the Gow-Gates and Akinosi-Vazirani blocks.86

Cervical Plexus Blocks

■

■

Anesthesia of either the deep or supericial cervical plexus or both
can be used for procedures of the lateral or anterior neck such as
parathyroidectomy and carotid endarterectomy. During carotid
surgery, local iniltration of the carotid bifurcation may be necessary to block relex hemodynamic changes associated with glossopharyngeal stimulation.

Deep Cervical Plexus Block

vertebral foramen. This is more likely in the cervical region
because of the longer dural sleeves that accompany these nerve
branches. Careful monitoring of the patient should continue
for 60 minutes after the block has been performed.
Phrenic nerve palsy leading to hemidiaphragmatic paresis is a
common occurrence with deep cervical plexus block.92,93 This
block is not indicated in any patient who depends on the diaphragm for tidal ventilation, nor is bilateral blockade ever recommended.
Other well-described side effects include Horner’s syndrome (if
the superior cervical or cervicothoracic ganglion is blocked),94
stellate ganglion block,95 and hoarseness due to recurrent
laryngeal nerve block.

Superficial Cervical Plexus Block
This block is performed in a position similar to deep cervical
plexus block and results in anesthesia only of the sensory ibers
of the plexus.

procedure

■

■

■

■

The patient is placed supine with a small towel under the head,
which is turned 45 degrees to the opposite side with slight neck
extension.
Landmarks include the posterior edge of the sternocleidomastoid muscle, the caudal portion of the mastoid process, the
angle of the jaw, and the transverse processes of cervical vertebrae C2–C5 (about 1.5 cm apart). If all transverse processes
cannot be palpated, the most prominent tubercle of C6 (Chassaignac’s) is marked. A line is drawn from the mastoid process
along the sternocleidomastoid muscle to reach the transverse
process of C6. Each transverse process of C2–C5 is marked
approximately 0.5 to 1 cm behind the line; the transverse process of C2 lies about 1.5 cm inferior to the mastoid process.
Skin iniltration is carried out at the “X” marks of C2–C4, and
three needles (22 gauge, 3.5 to 5 cm) are introduced perpendicular to the skin and advanced about 30 degrees caudally
with a slight posterior orientation (Fig. 35-7).
After conirming contact with the transverse process, the
needle is withdrawn slightly and a syringe is connected to the
needle. Two to three milliliters of local anesthetic solution is
injected per segment for therapeutic or diagnostic purposes,
while 5 to 10 mL per segment may be suficient for surgical
block (limiting the total to approximately 20 mL if supericial
blocks are also performed).

procedure

■
■

comments

■

■

■

■

comments

■

■

■
■

■

The deep block may be performed by single injection at C3 or
C4 as originally described by Winnie et al.87 or by a standard
three-injection technique.
A recent anatomical study demonstrated that the longus capitis muscle is a suitable landmark for US-guided deep cervical plexus block88; with this approach, both the deep cervical
plexus and sympathetic trunk can be blocked.
Paresthesia occurring during these blocks has been associated
with more effective anesthesia.89
Anesthesia for carotid endarterectomy may involve performing combined supericial and deep cervical plexus blocks, yet
the beneit of combined over supericial block alone has been
questioned.90,91 There appears to be no difference between these
two approaches in the amount of supplemental local anesthesia
required.
There are several life-threatening complications that may arise
from deep cervical plexus block. Injection may occur into
the vertebral artery, and subarachnoid or epidural injections
are possible if the needle is advanced too far medially into the

An “X” is made at the midpoint of the posterior border of the
sternocleidomastoid muscle (Fig. 35-5).
Local skin iniltration is performed with a fan-like injection
using 10 to 20 mL of local anesthetic along the posterior border
of the sternocleidomastoid muscle 4 cm above and below the
level of the midpoint.

■

The most common approach for minimally invasive parathyroidectomy (involving a small unilateral incision rather than
bilateral neck exploration) includes a combination of C2–C4
supericial cervical plexus block, iniltration along the incision line and iniltration of the upper thyroid pedicle.96 This
approach can result in shorter anesthetic and operative times,
leading to earlier hospital discharge, as well as signiicantly better postoperative pain relief.96,97
Initial studies of US-guided supericial cervical plexus block
showed no added beneit over the blind technique;98 although
US guidance may be helpful in emergency situations.99
Using a modiied surgical approach, thyroid surgery has been
performed under supericial cervical plexus block in combination with anterior ield block.100
Minimally invasive surgery may require conversion to general
anesthesia when there is dificulty ensuring adequate protection of the recurrent laryngeal nerve or when intraoperative
diagnosis of parathyroid carcinoma or multiglandular parathyroid hyperplasia occurs.
Phrenic nerve paralysis leading to diaphragmatic dysfunction,89
vagus nerve block with resultant recurrent nerve paralysis,101
and inadvertent intravascular injection102 have all been reported.

Occipital Nerve Blocks
The greater and lesser occipital nerves can be blocked by supericial injection at the points on the posterior skull where they
emerge from below the muscles of the neck. This block is rarely
used for surgical procedures and is more often applied as a
diagnostic step in evaluating head and neck pain complaints.

Procedure
■

The patient sits with their head tilted forward slightly to expose
the prominent nuchal ridge of bone at the posterior base of the
skull.

■

■

■

■

■

■
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as they cross joint spaces, where they lie in close proximity to easThe inferior nuchal line is palpated at one-third of the distance
ily identiiable structures (Table 35-1), or by injection of a dilute
between the external occipital protuberance and the foramen
local anesthetic solution intravenously below a pneumatic tourmagnum. A mark is placed on the nuchal line at the lateral
niquet on the upper arm (“intravenous regional” or Bier block).
border of the insertion of the erector muscles of the neck, usuThe use of US may increase the number of locations where the
ally 2.5 cm from the midline. At this point, the branches of the
terminal nerves can be successfully blocked. For example, the
greater occipital nerve usually pass laterally from behind the
ulnar nerve can be blocked effectively at the medial surface of
muscle to cross the nuchal line. The nerve is located directly
the midforearm, which may reduce the risk of ulnar nerve palsy
lateral to the easily palpated occipital artery. During its ascent
posed by block at the elbow near the cubital tunnel. As stated in
along the posterior skull, the lesser occipital nerve can be
the introduction to Speciic Techniques, the use of combined USlocated an additional 2.5 cm away from the greater occipital
and NS-guided technique is stressed in the igures, and the use of
nerve along the inferior nuchal line; a mark should be placed
all necessary sterile precaution was not included for simplicity of
here as well (Fig. 35-9).
viewing.
A short, ine needle (e.g., 25 mm, 25 gauge) is introduced with
a slight cranial angulation at each mark to the depth of the
skull itself. After slight withdrawal, local anesthetic is injected
(e.g., 0.5 to 1 mL of 1% lidocaine for diagnostic procedures or 2
Brachial Plexus Block
1 to 3 mL of 0.75% ropivacaine for therapeutic procedures).
Interscalene Block
Paresthesias are occasionally encountered but are not essential
for obtaining simple skin anesthesia.
This block, as described by Winnie in 1970,106 is indicated mostly
for surgical anesthesia to the shoulder, upper arm, and forearm
If more anterior anesthesia of the scalp is required, the lesser
but is often insuficient for the hand. It frequently spares the lowoccipital nerve branches can also be blocked by advancing the
est branches of the plexus, the C8 and T1 ibers, which innervate
needle subcutaneously from this point in an anterior direction
the caudad (ulnar) border of the forearm. Nevertheless, recent
toward the mastoid process. A band of anesthetic solution is
deposited along the line between skin entry and the mastoid
reports provide evidence that a low interscalene block (below C6,
process using 2 to 3 mL of local anesthetic.
just superior to the clavicle) may provide suficient anesthesia and
analgesia for procedures on the lower arm.107,108 The patient is
positioned supine, with their head faced slightly to the contralatComments
eral side. The main surface landmark (sternocleidomastoid musBlocking the lesser occipital and great auricular nerves (both
cle) used for this block can be accentuated by asking the patient
blocked by subcutaneous injection from the angle of the manto reach for the ipsilateral knee and by rotating the head approxidible to the mastoid process) have been successful in providmately 45 degrees to the nonoperative side. The head should also
103
ing postoperative analgesia after otoplasty. Reducing the
be slightly elevated, and the patient should be instructed to take
requirement for opioid analgesia (with its associated nausea
a deep breath, since contraction of the scalenus muscles accentuand vomiting) is essential due to the high incidence of pain and
ates the interscalene groove. This groove lies immediately behind
vomiting on the irst postoperative day related to the surgical
the lateral border of the clavicular head of the sternocleidomasprocedure alone.
toid muscle at the level of the cricoid cartilage (C6). As for all proThe greater occipital nerve block is commonly used for pricedures of the upper extremity, prepare the needle insertion site
mary headache syndromes. For chronic syndromes, the anteand other applicable skin areas with an antiseptic solution and, if
rior region involving the trigeminal nerve is also blocked.104 It
using US imaging, ensure sterility of the US probe with a standard
has been reported for use with cervicogenic headache, occipital
sleeve cover or transparent dressing (not shown). Please refer to
neuralgia, migraine, and cluster headache.105
the accompanying video clip for a demonstration of continuous
Complications with this technique are rare. Care must be 3 interscalene block.
taken not to advance the needle anteriorly under the skull, as
the foramen magnum might be entered unintentionally with a
procedure using nerve stimulation technique
long needle. Local hematoma may be produced with superi■ Landmarks: Using the maneuvers described above, the intercial injection, but this is only a temporary problem.
scalene groove is palpated by rolling the ingers posteriorly off

Upper Extremity
Although many approaches to the brachial plexus have been
described, there are traditionally four anatomic locations where
local anesthetics are placed: (1) the interscalene groove near the
cervical transverse processes, (2) the subclavian sheath at the irst
rib, (3) near the coracoid process in the infraclavicular fossa, and
(4) surrounding the axillary artery in the axilla. The introduction
of US imaging has greatly increased the use of blocks at the supraclavicular fossa, as visualization of the subclavian artery and lung
make these critical structures easier to avoid. It is important to
stress that clear visibility of the needle is essential for this block
(and generally for all blocks of the brachial plexus). The appropriate choice of approach depends not only on the patient’s anatomy
but on the site of surgery and the localization method.
The terminal branches of the brachial plexus can also be anesthetized by local anesthetic injection along their peripheral course

■

■

the lateral border of the sternocleidomastoid muscle; mark the
groove as high as possible. After the patient relaxes, the prominent transverse process of C6 can often be felt directly in the
groove and should be marked.
Needling: A skin wheal is raised in the interscalene groove at the
level of the cricoid. A 22-gauge, 35- to 50-mm insulated needle
is introduced through the wheal. The needle is directed medially, caudally, and slightly posteriorly in the direction of the C6
transverse process. The caudad tilt of the needle is important
to avoid either entering the neural foramen or injection into
the dural nerve root sheath, and thus high-spinal anesthesia
or spinal cord injury.109 Avoiding medial placement, by using
a mostly caudad and posterior direction, may reduce the risks
even more. The supericial structures of the plexus have been
shown to be located at an average, shallow depth of 5.5 mm.110
Nerve localization: Applying an initial current of 0.8 mA is suficient for stimulation of the plexus (usually at a depth of 1 to
3 cm), and the current is reduced to aim for a threshold current of 0.4 mA before injection after obtaining an appropriate
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Interscalene
block
Roots/Trunks of the brachial plexus
SAM

Scalenus Anterior Muscle

SMM

Scalenus Medius Muscle

SCM

Sternocleidomastoid Muscle
Color Doppler showing the Vertebral Artery
Direction of the block needle
US Probe

FIGure 35-18. Ultrasound-guided interscalene block using an IP needle alignment to a linear high frequency probe. The
needle is directed from lateral to medial with a slight caudal angle to avoid the intervertebral foramen. The roots/trunks of the
plexus are usually seen as three or more round or oval-shaped hypoechoic structures sandwiched between the scalenus anterior
and medius muscles in the interscalene groove. Note that the vertebral artery lies medial and deep to the brachial plexus.

■

motor response. Diaphragmatic or trapezius twitches should
be avoided, as they are associated with cervical plexus stimulation; a diaphragmatic response indicates that the phrenic nerve
is being stimulated and that the needle is too anterior.
Injection: After careful aspiration, 25- to 30-mL local anesthetic is injected in small increments to detect intraneural or
intravascular placement of the needle.

procedure using ultrasound guidance (fig. 35-18)

■

■

■

Scanning: Two scanning techniques are recommended for
viewing the brachial plexus at the interscalene level: (1) beginning anteriorly at the cricoid cartilage level (C6) with movement from anterior and medial to posterior and lateral toward
the interscalene groove, and (2) scanning proximally from the
supraclavicular fossa to the interscalene location.
Appearance: At the supraclavicular fossa, the brachial plexus
(trunks/divisions) can be seen in short axis as a tightly enclosed
cluster (i.e., honeycomb-like), superior and lateral to the
subclavian artery (Fig. 35-19). After tracing the nerves in a
proximal fashion toward the interscalene groove, the nerve
structures (roots/trunks) are visualized in a sagittal oblique
section as three (usually) or up to ive round or oval-shaped
hypoechoic (see Common Techniques: Nerve Stimulation and
Ultrasound Imaging section) structures, sometimes with few
internal punctate echoes, lying between the scalenus anterior
and medius muscles. C8 and T1 roots may be dificult to identify because of their depth.111,112
Needling: After iniltration of local anesthetics to the skin
at the anticipated needle puncture site, a 22-gauge, 50-mm
needle (insulated is recommended) is introduced either

■

OOP (see Common Techniques section) or IP to the probe
(Fig. 35-18) and advanced to a maximum of 3 cm for most
patients. For OOP needle insertion technique, the clinician
stands beside or cephalad to the probe and places the initial
needle puncture site cranial to the probe. The needle is typically angled somewhat caudally toward the US beam plane.
For IP needle insertion technique, the needle is moved from
lateral to medial (still slightly caudad) and will irst penetrate
the scalenus medius muscle before entering the interscalene groove. It is recommended to use NS to enable further
nerve localization.
Local anesthetic spread: A test injection of D5W is recommended and will help conirm nerve localization and estimate
the pattern of local anesthetic spread. Local anesthetic should
be deposited in the midst of the neural structures so that it
spreads to surround the nerves circumferentially. Local anesthetic distention in this compartment can be seen by US as a
hypoechoic (luid) expansion.

comments

■

■

■

The use of long-acting local anesthetics may provide analgesia
for 12 to 14 hours. For longer analgesia, insertion of a continuous catheter is effective for procedures such as total shoulder
replacement, although securing the catheters in the mobile
neck tissues is a challenge.
Equal success has been achieved when any of the appropriate
muscle responses is elicited as a positive stimulating test. Palpation of the muscle may conirm the motor response.
Despite the fact that subarachnoid or intraneural injection
can occur even when the threshold current is >0.4 mA, it is
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Supraclavicular
block
Trunks/Divisions of the brachial plexus
Subclavian Artery
Direction of the block needle
US Probe

■

■

■

■

■

advisable to avoid injecting when the current responses are less
than 0.4 mA.
If a continuous block is indicated, the needle entry point may
be moved a centimeter cephalad for the OOP approach, making the corresponding angle of insertion a little steeper and
more tangential to the course of the plexus. The bevel of the
introducing needle should be directed laterally. Placement of
a stimulating catheter may be aided by dilating the perineural space with D5W, which will allow the user to monitor the
catheter’s advancement to a location where motor response is
maintained at <0.5 mA.
Securing catheters in the freely mobile neck is a challenge. Some
prefer to secure the catheter by tunneling 3 to 4 cm below the
skin by passing it back through an intravenous catheter that
has been introduced subcutaneously near the entry site.
During OOP US-guided technique, angling the needle more
than 45 degrees should be avoided as the needle may be
inserted too deep and directed toward the spinal cord.
Complications from this approach are related to the structures
located in the vicinity of the tubercle. The cupola of the lung is
close, particularly on the right side, and can be contacted if the
needle is directed too far caudally. Pneumothorax should be
considered if cough or chest pain is produced while exploring
for the nerve. If the needle is allowed to pass directly medially,
it may enter the intervertebral foramen, and injection of local
anesthetic may produce spinal or epidural anesthesia. The vertebral artery passes posteriorly at the level of the sixth vertebra
to lie in its canal in the transverse process that can be seen as a
pulsatile structure deep to the plexus; direct injection into this
vessel can rapidly produce central nervous system toxicity and
convulsions. Careful aspiration and incremental injections are
important to help avoid both of these potential problems.
Even with appropriate injection, local anesthetic solution can
spread to contiguous nerves. It may produce cervical plexus 4

■
■

■

block, including motor ibers to the diaphragm, which may
be a problem in patients with respiratory insuficiency. A case
report described an optimal spread of local anesthetic and the
possibility of using saline dilution technique should phrenic
nerve block occur.113
Horner’s syndrome is common because of spread to the sympathetic chain on the anterior vertebral body.
Neuropathy of the C6 root is a potential problem because
the needle may unintentionally pin the nerve root against
the tubercle and predispose to intraneural injection. The
needle should be withdrawn slightly if the irst injection produces the characteristic “crampy” pain sensation.
An alternative technique for blocking the roots of the brachial
plexus is to perform a cervical paravertebral block,114 which
can utilize the bony landmarks of the vertebral column. This
is a high quality block and is readily performed using US guidance. A lateral US view of the brachial plexus at the level of C6
allows visualization of the needle as it passes lateral to the C6
transverse process and into the interscalene space. This view
avoids the challenges of attempting to view the brachial plexus
from a posterior approach in which the bony structures may
obscure the view of the needle and plexus.

Supraclavicular Block
The supraclavicular block targets the trunks and/or divisions of
the brachial plexus, depending on the location of the injection site
and the patient’s anatomy. Similar to the interscalene block, the
patient is positioned supine with the head turned approximately
45 degrees to the contralateral side. Prepare the needle insertion
site and other applicable skin areas with an antiseptic solution
and ensure sterility of the US probe with a standard sleeve cover
or transparent dressing. (Please refer to the accompanying video
clip for a demonstration of the supraclavicular block.)
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FIGure 35-19. Ultrasound-guided supraclavicular block using IP needle alignment to a small footprint curved probe, and
directing the needle from lateral to medial in a slightly sagittal plane. Color Doppler can also be valuable to locate the subclavian
artery quickly in order to locate the plexus trunks/divisions immediately superolateral to the vessel.
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procedure using nerve stimulation technique (please note that

US guidance
to minimize potential complications; some maY use NS as an
adJunct method With US.)
■ Landmarks: The outline of the clavicle is drawn on the skin
and the midpoint of the clavicle is marked. An “X” is placed
posterior to this midpoint in the interscalene groove, usually
1 cm behind the clavicle. The subclavian artery pulse serves as
a reliable landmark in thinner individuals, as the plexus lies
immediately cephaloposterior to the subclavian artery.
■ Needling: Local iniltration is performed at the site of the
nerve and a 2.5- to 5-cm, 22-gauge needle is introduced in
the parasagittal plane at the superior border of the clavicle at
the lateral edge of the sternocleidomastoid muscle insertion.
An initial insertion angle of 45 degrees cephalad is recommended, with subsequent reductions in angle as necessary,115
although an angle of <20 degrees may lead to the needle contacting the pleura and/or subclavian vein prior to the plexus.
The rib may be contacted, with subsequent anteroposterior
needle adjustment to contact the plexus, but avoiding rib contact may be most prudent. Careful lateral or medial exploration may be needed, but probing too medially increases the
risk of contacting the pleura.
■ Nerve localization: The responses to NS can be very useful
for conirmation of needle proximity to the separate trunks.
Twitches of pectoralis, deltoid, biceps (upper trunk), triceps
(upper/middle trunk), forearm (upper/middle trunk), and
hand (lower trunk) muscles with current intensity of 0.4 mA
(0.1 to 0.3 ms) are acceptable. Distal responses (hand or wrist
lexion or extension) are best to conirm placement within the
fascia. Multiple nerve responses are not required.
■ Injection: If a nerve response is produced during the course of
exploration, the anesthetic solution can be injected while the
needle is ixed in position. Twenty-ive to forty milliliters of
local anesthetic will produce adequate analgesia.
most clinicians prefer to perform this block under

■

comments

■

■

■

procedure using ultrasound imaging (fig. 35-19)

■

■

■

Scanning: The probe is irst placed in a coronal oblique plane
at the lateral end of and just above the upper border of the
clavicle. It is then moved medially until an image of the subclavian artery appears on the screen. Some dorsal and ventral
rotations of the probe may be necessary. With the subclavian
artery in the middle of the screen, the plexus is located superolateral to the artery and the neurovascular structures lie above
the irst rib.
Appearance: The subclavian artery is anechoic, hypodense,
pulsatile and round; its identity can be further conirmed by
color Doppler. Trunks/divisions of the brachial plexus appear
as a cluster of hypoechoic “grape-like” structures consisting of
usually three (more as one moves distally) hypoechoic nodules, all surrounded by a hyperechoic lining (presumably the
connective tissues). With the probe in a coronal oblique plane,
the plexus depth has been shown with MRI to equal 1.65 cm
in males and 1.45 cm in females.115,116 Medial and deep to the
artery, the rib may be seen as a hyperechoic line with dorsal
shadowing. The anechoic subclavian vein may be seen inferomedial to the artery.
Needling: The selected needle insertion site is often more
lateral with the US-guided technique than when using NS
techniques. The skin is iniltrated with local anesthetic and a
22-gauge, 50-mm (or less) needle (insulated is recommended)
is introduced with IP needle alignment to a curved, small
footprint (Fig. 35-19) or linear probe. The needle is inserted
immediately above the clavicle in a lateral-to-medial direction with a slight cephalad angle. It is recommended to have

the concurrent use of NS for additional conirmation of nerve
localization and as an additional monitor to prevent intraneural injection by having the threshold stimulation >0.2 mA.
Twitches of pectoralis, deltoid, biceps (upper trunk), triceps
(upper/middle trunk), forearm (upper/middle trunk), and
hand (lower trunk) muscles with current intensity of 0.4 mA
(0.1 to 0.3 ms) are acceptable. Distal responses (hand or wrist
lexion or extension) are best to conirm placement within the
fascia. Multiple nerve responses are not required.
Local anesthetic spread: It is best to deposit local anesthetic
next to the nerve structures immediately lateral to the subclavian artery on top of the irst rib. Injection in this location will
often lift the nerve structures superiorly away from the irst
rib and subclavian artery. The hypoechoic spread of local anesthetic surrounding the nerves may be seen on the US screen.

■

■

It is recommended to use US imaging in addition to NS technique during this block to help avoid puncturing the pleura.
When using US, it is critical to be able to visualize both the irst
rib and the pleura and to optimize the image such that the irst
rib covers the pleura, especially just lateral to the subclavian
artery where the target of the needle tip is. It is critical to measure and be aware of the skin-pleura distance with US prior to
needle insertion. The responses to NS can be useful for conirmation of needle proximity to the separate trunks.
The major challenge with US imaging in this region is the presence of a bony prominence (clavicle) and curved soft tissue
contour that can interfere with imaging of the brachial plexus
in short axis. Despite the disadvantages of commercially available low to moderate frequency curved array probes (e.g., C11,
Titan or MicroMaxx, Sonosite Inc., Bothell, WA), a curved
array probe with a small footprint is extremely useful in this
compact area.
The lateral-to-medial IP needle approach will ensure that the
needle approaches the nerve structures before reaching the
subclavian artery (i.e., less chance of inadvertent vascular
puncture). However, using a slightly sagittal plane (Fig. 35-19)
may reduce the risk of pleural puncture. The needle should be
viewed at all times when using a lateral-to-medial approach.
The greatest risk when using this technique is pneumothorax,
as the cupola of the lung lies just medial to the irst rib, not far
from the plexus. The risk of pneumothorax is greater on the
right side as the cupola of the lung is higher on that side. The
risk is also greater in tall, thin patients.
This method of brachial plexus PNB does not introduce any
more complications than other methods of brachial plexus
block.

Infraclavicular Block
Infraclavicular block targets the cords of the brachial plexus, and
the nerves can be blocked next to the second part of the axillary
artery at the level of the coracoid process. Brachial plexus block
in the infraclavicular area offers excellent analgesia of the entire
arm and allows introduction of continuous catheters to provide
prolonged postoperative pain relief. The infraclavicular approach
blocks the musculocutaneous and axillary nerves more consistently because these two nerves often branch off high in the axilla
and are often missed with the axillary block approach. However,
multiple injections may be required for successful infraclavicular
and axillary blocks.
Infraclavicular blocks are indicated for forearm, elbow,
and hand surgeries. The patient is supine with the head turned
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block
Lateral cord
Posterior cord
Medial cord
Axillary Artery
Axillary Vein
Direction of the block needle
US Probe

approximately 45 degrees to the nonoperative side, and their arm
may either be at their side with hand on the abdomen or abducted
with their palm placed behind their head. When preparing for
this block, it is common to have the patient’s elbow lexed and the
hand resting on the abdomen to facilitate observation of motor
responses generated with NS. Alternatively, externally rotating
the arm and placing the hand behind the head stretches the cords
and brings the nerves closer around the axillary artery, which may
facilitate local anesthetic spread around the nerves. As always,
prepare the needle insertion site and other applicable skin areas
with an antiseptic solution and ensure sterility of the US probe
with a standard sleeve cover or transparent dressing (not shown).

■

procedure using nerve stimulation technique

Several approaches have been described for infraclavicular block,
all with various needle puncture sites and angles of insertion.117–122
Here we describe a lateral approach,118 which may improve plexus
cord localization and reduce risk of puncture to both the pleura
and axillary artery.123,124
■

■

Landmarks: With the patient’s arm adducted and their hand
resting on their abdomen, the medial aspect of the coracoid
process is palpated as one slips their inger off the clavicle.
Needling: After skin preparation and skin wheal, a 50- to
90-mm, 18- to 22-gauge needle is inserted where the clavicle
meets the medial aspect of the coracoid process, generally
directed 0 to 15 degrees posterior to the horizontal plane
(Fig. 35-20 illustrates this needle insertion when using US guidance). The 15-degree trajectory will likely increase the chances
of contacting the more posteriorly located posterior or medial
cords which may improve analgesia. A greater angle may be
required to achieve adequate responses to NS, since local anesthetic injection at more than one cord may be beneicial. The

■

cords should be approximately 4 to 6 cm deep (insertion of
more than 7.5 cm may risk pleural puncture).118 The needle
puncture site may be adjusted slightly caudad to this location,
as with the technique of Kapral et al.117 If the needle is placed
2.5 cm caudad to the coracoid process, a laterally projected
needle directed toward the axillary artery may be effective.118
Nerve localization: The irst response (elbow lexion) obtained
is usually the musculocutaneous nerve arising from the lateral
cord. For complete anesthesia of the hand, a separate distal
response needs to be obtained from the medial (distal lexors) and posterior (distal and proximal extensors) cords.125
A simpliied approach to determining the speciic cord distal
responses during infraclavicular block has been described.126 A
close examination of the movements of the ifth digit (pinkie)
can be useful to differentiate the cords, with lateral movement
(i.e., pronation) representing the lateral cord, medial movement (i.e., lexion) representing the medial cord, and dorsal
movement (i.e., extension) representing the posterior cord.126
Some also advocate that eliciting a forearm response (pronation via the lateral cord) is essential for a complete block.127
The artery may be punctured easily at this point, and careful
aspiration is required to prevent intravascular injection.
Injection: If a musculocutaneous nerve response is obtained,
the nerve or lateral cord can be blocked by an injection of 5
to 10 mL of local anesthetic. Once responses in the hand are
obtained, a further 25 mL of local anesthetic can be injected
along the posterior and medial cords.

procedure using ultrasound imaging (fig. 35-20)

■

Scanning: Immediately medial and inferior to the coracoid
process, position a linear or curved lower frequency transducer
(4 to 7 MHz), depending on body habitus, in a parasagittal
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FIGure 35-20. Ultrasound-guided infraclavicular block using IP needle alignment to a linear probe and directing the needle
15 degrees posteriorly in a cephalad-to-caudad direction. In contrast to the more proximal blocks, the nerves (cords) appear
hyperechoic now due to their higher fascial content and since the surrounding tissue (muscle) is largely hypoechoic.
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plane and capture the best possible short-axis view of the brachial plexus cords and axillary vessels. If the patient is quite
thin or if using a more medial location (not described here)
where the nerves are more supericial, a higher frequency
probe may be used.
Appearance: The pectoralis major and minor muscles are
separated by a hyperechoic lining (perimysium); the pectoralis major lies supericial and lateral to the pectoralis minor.
Approximately 4 to 5 cm deeper lies the axillary neurovascular
bundle; the large axillary vein lies medial and caudad to the
artery. The lateral cord of the plexus is often readily visualized
as a hyperechoic oval structure, although the medial and posterior cords may not be readily identiied because the medial
cord lies between the axillary artery and vein, while the posterior cord can be hidden deep to an axillary artery acoustic
shadow. In addition, the medial cord can be posterior or even
slightly cephalad to the axillary artery. It is important to realize that there is a great deal of individual anatomic variation
in the cord location around the artery. The nerve structures
now appear hyperechoic, rather than hypoechoic as seen more
proximally, presumably due to an increase in the number of
fascicles and amount of (hyperechoic-appearing) connective
tissue.71
Needling: The skin is iniltrated with local anesthetic. For singleshot technique, a 50- to 90-mm, 18- to 22-gauge insulated
needle is suitable if using NS, while a 90-mm, 17- to 20-gauge
needle can be used for catheter placement. Using an IP needle
alignment will be most suitable in most cases. The block needle
is inserted cephalad to the probe and is then advanced caudally
and posteriorly at approximately 30 degrees to the skin. The
cords should be found at a depth of 4 to 6 cm, similar to blind
technique.128 It is recommended to combine US with NS for
accurate nerve localization (e.g., musculocutaneous nerve or
speciic cord), due to the high variability of cord location.
Local anesthetic spread: Aim to place the needle and local anesthetic posterior to the axillary artery next to the posterior cord
(spread from this location is most optimal for complete block
success). Performing a test dose with D5W is recommended
prior to local anesthetic application to visualize spread and
conirm nerve localization. Inject 20 to 25 mL of local anesthetic around the posterior cord. If local anesthetic spread is
deemed inadequate to surround all cords, reposition the needle before injecting any additional local anesthetic.

comments

■

■

■

■

In the past, numerous techniques were developed with modiications to localize nerves and avoid vessel and pleural punctures. Real-time guidance with US will address some of these
issues although US-guided blocks are going through a rapid
development process to determine the safest and most successful approaches.
Techniques that incorporate multiple injections may be easier
and potentially safer under combined US and NS guidance,
which provides direct visualization of the anatomic structures.
If a catheter is to be threaded, the aim should be to elicit
motor responses in the hand itself. The tip of the Tuohy needle
(90 mm, 17 to 20 gauge) should be directed laterally to allow
the catheter to run in the direction of the nerves.
Compared to blocks at more proximal locations, the infraclavicular block has the advantage of lower risk of blocking the
phrenic nerve or stellate ganglion. However, in some cases,
continuous catheters may lie along one cord and fail to provide complete anesthesia and analgesia of the entire brachial
plexus with small volume infusions. This may be overcome to

■

some degree by intermittent boluses of larger volumes of local
anesthetic.
Vessel puncture is a potential complication; therefore, frequent
aspiration should be performed. The lateral needle insertion
will help avoid the risk of pneumothorax.

Axillary Block
The nerves targeted for the axillary block course distally with the
axillary artery and vein along the humerus from the apex of the
axilla (Fig. 35-11). This block is useful for surgery of the elbow,
forearm, and hand. The ulnar, median, and radial nerves are
the primary targets. The musculocutaneous nerve often leaves
the plexus (via the lateral cord) proximal to this point and
may be blocked separately during the axillary block (in the
coracobrachialis muscle) or separately at midhumeral locations
(along its diagonal course through or beyond the coracobrachialis
muscle). Relative to the third part of the axillary artery, the usual
course of the terminal nerves is as follows: The median nerve lies
anterior and medial, the ulnar nerve lies posterior and medial, the
musculocutaneous nerve lies anterior and lateral, and the radial
nerve lies posterior and lateral. Because the single sheath may be
broken up into separate compartments by fascial septa surrounding individual nerves in the axilla, some advocate that local anesthetic should be injected at multiple sites in the axilla, in contrast
to the single injections possible with proximal approaches. The
patient is positioned supine with the arm abducted at 70 to 80
degrees and externally rotated, and the elbow lexed at 90 degrees.
procedure using nerve stimulation technique

■

■

■

■

Landmarks: The axillary artery is marked as high in its course
through the axilla as is practical. It is usually felt in the intramuscular groove between the coracobrachialis and the triceps
muscles. It also passes between the insertions of the pectoralis
major and the latissimus dorsi muscles on the humerus.
Needling: A 30- to 50-mm, 22-gauge insulated needle is suitable for this block. After aseptic preparation, a skin wheal is
raised over the proximal portion of the artery. The index and
middle ingers of the nondominant hand straddle the artery
just below this point, both localizing the pulsation and compressing the neurovascular bundle below the intended site of
injection. The needle is inserted in a slight cephalad direction,
followed by a two-step, four-injection process with puncture at
locations just superior and inferior to the artery.
Nerve localization: With NS technique, ideally, the nerves serving the area of proposed surgery are sought irst. The median
and the musculocutaneous nerves lie on the superior aspect
of the artery (as viewed by the operator), whereas the ulnar
and radial nerves lie below and behind the vessel. Obtaining a
direct musculocutaneous nerve response (elbow lexion) indicates localization of this particular nerve, but not necessarily
all nerves.
Injection: Experience has shown that a multiple injection
technique around each individual nerve is the most reliable
approach (10 to 15 mL at each nerve location). Less volume
may be required, but the minimum required dose/volume per
nerve is not known at this time.

procedure using ultrasound imaging (fig. 35-21)

■

Scanning: High-frequency, linear probes are generally recommended (10 to 15 MHz) for imaging since the nerves are
supericial (1 to 2 cm) below the skin. The most proximal location at the apex of the axilla may be the best for viewing all
of the terminal branches of the brachial plexus. The probe is
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■

■

positioned perpendicular to the anterior axillary fold and in
cross section to the humerus at the bicipital sulcus (and at the
level of the axillary pulse) to capture the transverse, or shortaxis view of the neurovascular bundle.
Appearance: In cross section:
■ The coracobrachialis and the biceps brachii muscles are seen
laterally; the teres major and the triceps brachii muscles lie
medially, the latter being deeper than the biceps brachii
muscle
■ The anechoic and circular axillary artery lies centrally, adjacent to both the biceps brachii and coracobrachialis muscles; it is surrounded by the nerves
■ The nerves appear round-to-oval in short axis; generally
they appear as hyperechoic masses due to the large amount
of connective tissue (epi- and perineurium) interspersed
within the hypoechoic nerve fascicles
■ The median nerve is often located supericial and between
the artery and the biceps brachii muscle; the ulnar nerve
is usually located medial and supericial to the artery; the
radial nerve lies deep to the artery at the midline (clockwise: Median, ulnar, radial—but there are many variations)
■ The musculocutaneous nerve is commonly located in the
hyperechoic plane between the biceps brachii and coracobrachialis muscles.
Needling: A 50-mm, 22-gauge insulated needle (combined US
and NS technique is recommended) is suitable. Both IP and
OOP needle approaches can be used for axillary block. An OOP
approach, with the needle distal to the probe and in transverse
axis to the nerve, is similar to the traditional blind procedure,
except that the needle will be aligned at an angle to optimize
needle visibility rather than more perpendicular to the skin. An
angle of 30 to 45 degrees from the skin, with the needle placed
approximately 1 to 2 cm caudad to the probe, may allow optimal needle visibility (see description of the walk-down technique in the section on Common Techniques: Nerve Stimulation and Ultrasound Imaging).37,38 The IP approach involves

■

inserting the needle at an acute angle (20 to 30 degrees) to the
skin in a lateral to medial direction (Fig. 35-21). Typically, the
block needle is advanced to contact the median nerve. It is
then crossed over the axillary artery to contact the ulnar nerve
supericially and then inally behind the artery to the deeper
radial nerve. Follow NS procedure if using this technique.
Local anesthetic spread: Performing a test dose with D5W is
recommended prior to local anesthetic application to visualize
spread and conirm nerve localization. A proper injection is
indicated by luid spread completely around the nerve structure, with nerve movement away from the needle tip. Improper
injection (e.g., injection outside the sheath) is indicated by a
partial asymmetrical luid expansion not immediately adjacent
to the nerve structure.

comments

■

■

■

Although multiple-injection NS technique has been used
extensively for this and other blocks, it is important to consider
that some spread of the local anesthetic solution will occur and
hypesthesia can occur in an unpredictable fashion, limiting the
identiication of subsequent nerves. A recent evaluation of a
two-injection technique—with one injection posterior to the
axillary artery and the other to the musculocutaneous nerve—
demonstrated that this approach may be as effective as blocking each of the ulnar, median, radial, and musculoskeletal
nerves separately,129 potentially minimizing unwanted spread
to adjacent nerves.
If forearm anesthesia is required and the musculocutaneous
nerve was not localized previously, supplementary anesthesia of the musculocutaneous nerve should be attained using
some reliable means of nerve localization (i.e., NS and/or US
guidance) rather than blind injection into the coracobrachialis
muscle. US imaging 1 to 2 cm distal to the axillary block location can clearly identify the muscle and usually the nerve.
Intercostobrachial and medial brachial cutaneous nerve blocks
can be achieved by subcutaneous injections (5 mL in total) on
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FIGure 35-21. Ultrasound-guided axillary block using IP needle alignment to a linear high frequency probe. Typically, the block
needle is advanced in sequence to reach each of the median, ulnar, and radial nerves.
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the medial surface of the upper arm all the way from the biceps
to triceps muscles. Both of these nerves are relatively small and
can be dificult to visualize under US; however, local anesthetics can be iniltrated supericially above the median nerve
toward the triceps.
Perivascular iniltration and transarterial approaches are also
traditionally performed for axillary block, although these techniques have been replaced by advanced technologies such as
NS and US.
For continuous nerve blocks, a 17- to 18-gauge Tuohy needle is
required to facilitate catheter placement. Securing the catheter
in the axilla may be challenging and may require a short tunnel
to stabilize the catheter.
Axillary approaches to the brachial plexus are associated with
minimal complications compared to more proximal brachial
plexus blocks. Neuropathy from needle puncture or intraneural injection of local anesthetic is the foremost consideration,
although this may be reduced with US imaging and careful
attention to injection pressures during the block. Hematoma
can occur if the axillary artery is punctured, but this is a selflimiting complication.

■

■

■

procedure using ultrasound imaging (fig. 35-22)

■

Terminal Upper Extremity Nerve Blocks
PNB in the upper extremity are of particular value as rescue blocks
to supplement incomplete surgical anesthesia and to provide
long-lasting selective analgesia in the postoperative period. The
peripheral nerves may be individually blocked at midhumeral,
elbow, or wrist locations, depending on the speciic nerve. If using
US guidance, the elbow and forearm regions appear to be the
most suitable block regions, and blocks at these sites may improve
the accuracy of nerve localization and local anesthetic spread. The
wrist is highly populated with tendons and fascial tissues (e.g.,
lexor and extensor retinaculae), which, on US, can be dificult
to distinguish from nerves and which may also obscure visualization of nerves. With the help of color Doppler, US can be used
to clearly identify the nerves at many desirable locations as they
are often situated near blood vessels (Table 35-1). This chapter
will focus on blocks for which NS and US imaging are most amenable but will also comment on nerve blocks at the wrist. Block
5 of the musculocutaneous nerve at the midhumeral level is discussed in the section on Axillary Block. Figures 35-11 and 35-12
illustrate the courses and cutaneous innervation of the terminal
nerves of the upper extremity.

■

■

Radial Nerve
The radial nerve can be blocked at the anterosuperior aspect of the
lateral epicondyle of the humerus. The radial nerve supplies the
posterior compartments of the arm and forearm including skin
and subcutaneous tissues. It also innervates skin on the posterior
aspect of the hand laterally near the base of the thumb and the
dorsal aspect of the index and the lateral half of the ring inger up
to the distal interphalangeal crease. For radial nerve blocks, the
patient is positioned supine with their arm slightly abducted and
laterally rotated, with the elbow extended.

■

■

Landmarks: A line is drawn on the anterior elbow between
the medial and lateral epicondyles of the humerus. The radial
nerve is located beneath this intercondylar line, approximately
1 to 2 cm lateral to the biceps tendon. This position should be
marked with an “X.”

Scanning: A linear probe in the frequency range of 5 to 10
MHz is suitable for scanning in most cases. The radial nerve
can irst be located proximally at the level of the spiral (radial)
groove of the humerus where it lies immediately adjacent to
the humerus and posteromedial to the deep brachial (profunda brachii) artery of the arm. The patient’s arm should be
internally rotated and placed with the hand over the abdomen on the opposite side of the body. The spiral groove lies
immediately distal and posterior to the deltoid tubercle. Subsequent tracing of the nerve from this humeral location to the
anterolateral elbow may facilitate its precise localization. The
probe can be rotated slowly to scan the nerve both in the longitudinal and transverse planes at the elbow for conirmation
of its location.
Appearance: At the spiral groove of the humerus, the bone is
quite supericial and appears deep to the hypoechoic triceps
brachii muscle as a clearly demarcated hyperechoic oval shape
with dark shadowing in its interior (not shown). The nerve
appears oval and predominantly hyperechoic and is located
in the posterior aspect of the humerus and immediately adjacent to the small, pulsatile deep brachial (profunda brachii)
artery (as veriied with Doppler). At a point just proximal to
the anterior compartment of the elbow, the humerus appears
to have changed shape and appears smaller and almost rectangular in cross section. The hyperechoic radial nerve now lies at
some distance from the humerus and is sandwiched between
the brachialis and brachioradialis muscles; it remains oval in
shape.
Needling: A 30- to 50-mm, 22-gauge insulated needle is suitable if using NS. The needle can be aligned using both IP and
OOP (Fig. 35-22) approaches to block the nerve at the anterosuperior aspect of the lateral epicondyle of the humerus. The
nerve should be blocked slightly above the elbow since it
divides into deep and supericial branches approximately 2 cm
above the elbow. The block needle is advanced to approach the
target nerve on its side, preferably avoiding direct needle contact with the nerve.
Local anesthetic spread: Performing a test dose with D5W is
recommended prior to local anesthetic application to visualize spread and conirm nerve localization. The aim is to inject
approximately 5 mL of local anesthetic and observe spread
around the nerve circumferentially.

comments

procedure using nerve stimulation technique

■

Needling: A 30- to 50-mm, 22- to 24-gauge insulated needle
is used and a skin wheal is raised at the “X.” The needle is
then inserted perpendicular to the plane passing through the
humeral epicondyles.
Nerve localization: The correct response to radial NS at this
location is extension (dorsilexion) of the wrist and digits on
the operative side. Elbow extension should not be elicited,
since the branch to the long head of the triceps has branched
off proximally.
Injection: Approximately 5 mL of local anesthetic is injected
under low pressure.

■

Needle contact with the humerus indicates that the needle is
too deep, while deep needle penetration without bone contact
indicates that the needle is lateral to the humerus (beyond the
bone).
The radial nerve can be blocked at the wrist or even lateral
distal forearm adjacent to the radial artery. At the wrist, 3 mL
of solution is injected into the anatomic “snuffbox” formed
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FIGure 35-22. Ultrasound-guided radial nerve block using OOP needle alignment to a linear probe at the anterolateral elbow.
The ideal placement will be a few centimeters above the elbow, where the nerve has not yet divided into superficial and deep
branches.
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by the tendons of the extensor pollicis longus and extensor
pollicis brevis tendons. A subcutaneous wheal is then raised
from this point, extending over the dorsum of the wrist 3 to
4 cm onto the back of the hand. This approach is suboptimal for most procedures since the nerve divides immediately
beyond the elbow and continues as the supericial radial (sensory) and deep posterior interosseous (motor) nerves.

Median Nerve
The median nerve can be blocked at the midline of the anterior
elbow or at the mid-to-distal aspect of the anterior forearm (Fig.
35-23). The nerve is located adjacent (medial) to the brachial
artery at the elbow, facilitating its localization here. In the forearm, the nerve can be located at its position lateral to the ulnar
nerve. The nerve supplies the skin anteriorly on the medial surface of the thumb, palm, and digits two to four, and posteriorly
on the distal third of the second to fourth digits. It causes lexion
at the metacarpophalangeal joints and extension at the interphalangeal joints of digits two and three. The nerve innervates
muscles which produce lexion and opposition of the thumb,
middle, and index ingers and pronation and lexion of the wrist.
For blocks at the anterior wrist or anterior distal forearm, the
patient’s arm should be positioned next to the torso, with the
elbow lexed slightly and the hand free to allow a wrist or thumb
lexion response elicited by NS.
procedure using nerve stimulation technique.

■

At the elbow:
Landmarks: As with radial nerve block, an intercondylar line is
drawn, and the nerve is located where this line crosses the pulsation of the brachial artery, usually 1 cm to the ulnar side of
the biceps brachii tendon.

FIGure 35-23. An illustration of the anterior forearm showing
the courses of the median and ulnar nerves. The ulnar artery is a
reliable landmark to localize the ulnar nerve when using ultrasound
imaging.
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FIGure 35-24. Ultrasound-guided median nerve block using OOP needle alignment at the medial aspect of the anterior
elbow. The nerve lies medial to the large anechoic brachial artery.

■

■

■

Needling: Using a 30- to 50-mm insulated needle, a skin wheal
is raised at the point identiied with landmarks (above), and
the needle is introduced perpendicularly at this point.
Nerve localization: Nerve responses to electrical stimulation
are sought immediately adjacent to the artery. The optimal
NS response for median nerve block at the elbow location is
any one of the following or a combination thereof: Flexion and
opposition of the thumb, middle, and index ingers; lexion of
the wrist; and pronation of the forearm.
Injection: Injection of 5 mL of local anesthetic should be suficient to block this nerve. Care should be taken to avoid the
intravascular and the intraneural injection.
In the forearm:

■

It may be dificult to blindly locate this nerve in the forearm
using NS, although the technique of transcutaneous electrical stimulation,17 or similarly percutaneous electrode guidance,18,130 can be used to locate the nerve using a probe placed
on or indenting the skin’s surface. Once the nerve has been
localized, an insulated needle is inserted perpendicular to the
plane of the forearm and NS responses are sought. A similar
volume of local anesthetic should sufice.

■

■

comments

■

procedure using ultrasound imaging (elboW, fig. 35-24;
forearm, fig. 35-25)

■

■

Scanning: A high-frequency (10 to 15 MHz) linear probe can
be used to capture a transverse view of the nerve and localize the brachial artery, both at the elbow, where the nerve lies
medial to both the artery and then the tendon of the biceps
brachii muscle, and in the anterolateral forearm, where it lies
lateral to the ulnar nerve and artery (localizing the ulnar nerve
irst will help identify the median nerve). Color Doppler may
be used to conirm the location of the above named arteries.
Appearance: At the elbow, the median nerve can be identiied
at approximately 1 to 2 cm in depth as a hyperechoic, yet distinctly honeycomb-like structure, lying medial to the anechoic
pulsatile brachial artery. Deep to the neurovascular structures lies the musculature of the superior aspect of the elbow

(pronator teres and brachialis muscles) as a hypoechoic homogeneous mass. At the forearm, the nerve appears oval-shaped
and lateral to the ulnar artery.
Needling: Both OOP and IP techniques can be used for either
block location. For OOP needling at the elbow (Fig. 35-24), after
adjusting the US image to have the nerve located in the middle
of the screen, insert a 30- to 50-mm insulated needle perpendicular to the transversely placed probe at a 45- to 60-degree
angle. NS procedure should be followed if using combined technique. IP technique, with the needle in a medial to lateral direction, may be advantageous at the elbow to allow easy tracking
of the needle to ensure it avoids puncturing the brachial artery.
Local anesthetic spread: After performing a test dose with
D5W, the aim is to spread approximately 5 mL of local anesthetic around the nerve in a circular fashion, avoiding nerve
contact and obtaining complete blockade.

■

■

The median nerve lies deep to the lexor retinaculum at the
wrist, and there is always the potential risk of causing carpal
tunnel syndrome due to elevated pressure within the tunnel from the injection solution. For this reason, the elbow or
forearm locations for blocking the median nerve are the more
logical choices.
At the wrist, the median nerve lies between the tendons of the
palmaris longus and the lexor carpi radialis muscles. If only
the palmaris longus muscle can be felt, the nerve lies just to the
radial side of its tendon. A skin wheal is raised, and a needle
is inserted until it pierces the deep fascia. An injection of 3 to
5 mL of local anesthetic is suficient to produce anesthesia.
Blood aspirated into the tubing during elbow block indicates
brachial artery puncture and the needle should be reinserted
after applying pressure to the puncture site until hemostasis is
achieved. Contact with the humerus indicates that the needle is
too deep. Localized contraction of the arm muscles (e.g., elbow
lexion and/or forearm pronation) indicates stimulation of the
local muscles and also that the needle is likely too deep.

CHAPTER 35 Peripheral Nerve Blockade

969

Median and ulnar nerve
block in forearm
Median nerve
Ulnar nerve
Ulnar artery
Direction of the block needle
US Probe

FIGure 35-25. Ultrasound-guided ulnar nerve block in the middistal forearm using IP needle alignment to a small footprint
linear (“hockey stick”) probe. The ideal block location to avoid arterial puncture is where the nerve has yet to fully approach the
ulnar artery.

Ulnar Nerve

procedure using ultrasound imaging (forearm, fig. 35-25)

■

■
procedure using nerve stimulation technique.

■

At the elbow:
Anesthetizing the ulnar nerve at the elbow may be uncomfortable for the patient. NS is not routinely used for localizing the
ulnar nerve at the elbow, since the nerve is easily located (and
palpated) in the cubital tunnel (ulnar groove) between the
medial epicondyle of the humerus and the olecranon process
of the ulna. Only a small volume (1 to 4 mL) of local anesthetic
should be injected if performing the block at this location.

■

In the forearm:
■

Similar to the median nerve, it may be dificult to blindly locate
this nerve in the forearm using NS. Transcutaneous electrical
stimulation17 or percutaneous electrode guidance18,19 can be
used to locate the nerve. Once the nerve has been localized,
an insulated needle attached to a nerve stimulator is inserted
perpendicular to the plane of the forearm and appropriate
motor responses are sought. The correct responses for ulnar

■

Scanning: A high-frequency (10 to 15 MHz) linear probe is
often used for this block. The probe is placed transversely just
above the midforearm level to view the ulnar nerve in short
axis as it approaches the ulnar artery. The nerve is positioned
above the ulna and the belly of the lexor carpi ulnaris, on the
anterior surface of the arm, rather than medially to contact the
bone. The operator should scan downward slowly until the pulsatile artery and nerve are viewed adjacent to each other (Doppler may be valuable here) and retract the scanhead slightly
so the artery and nerve appear clearly as separate structures
(Fig. 35-25).
Appearance: The nerve in short axis is seen as a honeycomblike, oval-shaped structure, including hypoechoic fascicular
structures surrounded signiicantly by hyperechoic tissue. The
adjacent ulnar artery appears anechoic and roughly similar in
size to the nerve and lateral to it. The median nerve may be
seen at the lateral edge of the image and appears similar to the
ulnar nerve in size and shape.
Needling: During IP needling, the image should be adjusted so
that the nerve is toward the most lateral edge of the screen for
good visibility of the needle shaft (not shown in Fig. 35-25). A
short (20 to 30 mm) needle can be used in a medial-to-lateral
direction to reduce the risk of vascular puncture.
Local anesthetic spread: The aim is to spread approximately
5 mL of local anesthetic around the nerve in a circular fashion
in order to avoid nerve contact but obtain a complete block.
The local anesthetic injection will appear as an expansion of
hypoechogenicity surrounding the nerve, which may separate
the nerve from the artery.
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In the periphery, the ulnar nerve can be blocked at the elbow, forearm, or wrist. Ulnar nerve block may be used for rescue analgesia
or surgical anesthesia for surgery on the ifth digit. At the junction
of the distal third and proximal two-thirds of the medial forearm,
the nerve is commonly located just medial to the pulsatile ulnar
artery (Fig. 35-23). US-guided technique is advised when using
this block location in order to avoid the artery and localize the
nerve more accurately. The ulnar nerve innervates muscles that
produce lexion of the ring (fourth) and little (ifth) ingers and
ulnar deviation of wrist. It supplies the skin over the medial surface (anterior and posterior) of the hand and digits four and ive.
Before performing the block, the patient’s arm should be lexed at
the elbow by 30 degrees and forearm supinated. The forearm can
rest on an arm board with an additional pillow under the wrist.
Prepare the needle insertion site and skin surface with an antiseptic solution. Prepare the US probe surface by applying a sterile
sheath or adhesive dressing to it before needling (not shown).

nerve block at this location are lexion of the ring (fourth) and
little (ifth) ingers and ulnar deviation of the wrist. Injection
of 5 mL of local anesthetic is suficient to block the nerve at the
forearm. Combined US- and NS-guided technique provides
good localization and accuracy with local anesthetic spread.
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comments

■

■

■

■

■

When performing regional anesthesia in the elbow, direct
injection after eliciting a paresthesia or direct injection into
the groove under pressure is not advised because of the risk of
damage to the nerve. Small volumes (3 to 5 mL) of local anesthetic should be used.
During nerve block in the forearm, blood withdrawal into the
tubing suggests ulnar artery puncture, and the needle should
be reinserted after holding pressure. Contact with the ulna
indicates that the needle is too deep.
US imaging facilitates the unique approach of blocking the
ulnar nerve in the forearm. This technique may reduce complications such as ulnar nerve neuritis or neuropraxia compared
to blocks at the cubital tunnel behind the medial epicondyle.
A linear or curved array US probe with a small footprint
(26 mm; e.g., a “hockey stick” probe) may be used. This size
probe is helpful for easy manipulation on the forearm and for
good alignment of the needle using IP technique.
At the wrist, the ulnar nerve lies between the ulnar artery and
the tendon of the lexor carpi ulnaris muscle. A skin wheal is
raised at the level of the styloid process on the palmar side of
the forearm between these two landmarks, a small-gauge needle is inserted, and 3 mL of solution is injected into the area,
with or without paresthesias.

■

■

the distal cuff is inlated over the anesthetized area of skin, and
the uncomfortable proximal cuff is released. This step is critical
because the major risk of this procedure is premature release
of the local anesthetic solution into the circulation. If a double
cuff is used, both cuffs should be tested before starting and
the proper sequence for inlation and delation meticulously
followed. The potential for leakage of anesthetic into the circulation is greater with the narrower cuffs used in the double
setup. Because the shifting process also increases the potential for unintentional release of anesthetic, the use of a single,
wider cuff may be better for short procedures.
If surgery is completed in less than 20 minutes, the tourniquet
is left inlated for at least that total period of time. If 40 minutes
has elapsed, the tourniquet can be delated as a single maneuver. Between 20 and 40 minutes, the cuff can be delated, reinlated immediately, and inally delated after 1 minute to delay
the sudden absorption of anesthetic into the systemic circulation, although this may not truly lower the eventual peak
plasma local anesthetic levels achieved.
Duration of anesthesia is minimal beyond the time of tourniquet release. Although bupivacaine may produce a slight prolongation of analgesia, the cardiotoxicity of systemic levels of
bupivacaine makes this drug contraindicated for a Bier block.

Comments
Intravenous Regional Anesthesia (Bier Block)
Without using NS or US, arm anesthesia can be provided by the
injection of local anesthetic into the venous system below an
occluding tourniquet.

Procedure
■

■

■

■

■

A small-gauge (20 or 22) intravenous catheter is inserted and
taped on the dorsum of the hand in the arm to be blocked.
A heparin lock or small syringe is attached, and saline is
injected to maintain patency. A pneumatic tourniquet is
applied over the upper arm. The tourniquet pressure should
be set to 2.5 times the systolic blood pressure. The tourniquet
should be inlated to conirm that the pressure is suficient
to occlude distal arterial blood low and should be delated
before starting the block.
The arm is elevated to promote venous drainage. An Esmarch
bandage is then wrapped tightly around the limb from distal to
proximal to produce further exsanguination. After exsanguination, the tourniquet is inlated to 300 mm Hg or 2.5 times
the patient’s systolic blood pressure and is again tested for adequate occlusion of the distal radial pulse.
The arm is returned to the horizontal position, a 50-mL syringe
with 0.5% lidocaine (without preservative) is attached to the
previously inserted cannula, and the contents are injected
slowly. The forearm discolors, and the patient perceives a transient “pins and needles” sensation and warmth as anesthesia
ensues over the following 5 minutes. Epinephrine should not
be added to the local anesthetic solution.
For short procedures, the cannula can be removed at this
point. If surgery extends beyond 1 hour, the cannula can be
left in place and reinjected after 90 minutes.
Beyond 45 minutes of surgery, many patients experience discomfort at the level of the tourniquet. Special “double-cuff”
tourniquets are available for this block to alleviate this problem. The distal cuff is inlated irst followed by the proximal
cuff. The distal cuff is then delated, allowing anesthesia to be
induced in the area under the distal cuff. If discomfort ensues,

■

The simplicity of this technique is offset by the potentially signiicant risk of systemic local anesthetic toxicity if the tourniquet fails or is released prematurely. Complications related
to systemic toxicity include seizures, cardiac arrest, and death;
other noted complications include nerve damage, compartment syndrome, and thrombophlebitis.131 Careful testing of
the tourniquet and slow injection of solution into a peripheral
(not antecubital) vein will reduce the chance of leakage under
the tourniquet. Systemic blood levels are time-dependent, and
careful attention should be paid to the sequence of tourniquet release and to patient monitoring during this period. A
separate intravenous site for injection of resuscitation drugs is
needed as well as ready availability of all appropriate resuscitative equipment. With careful attention to these details, this
technique is one of the most effective and reliable available to
the anesthesiologist.

Trunk Nerve Blocks
Anesthesia of the abdomen and chest is often obtained most simply with spinal and epidural injections of local anesthetics, but
peripheral block of the spinal nerves in the paravertebral space
or of the intercostal or inguinal nerves is quite suitable for many
uses. This is particularly relevant when either a narrow band of
anesthesia (intercostal or paravertebral) or reduced motor block
is preferable. In addition, epidural injection may be hazardous
because of infection or coagulopathy. Epidural anesthesia also
carries concerns of systemic hypotension and epidural hematoma,
which can limit its use for some patients.132 In many clinical situations, it may be desirable to use intercostal blocks to overcome
the combined anesthesia of the somatic and sympathetic ibers
that occurs with neuraxial blocks; the sympathetic nerves separate from their somatic counterparts early in their course, which
makes independent somatic and sympathetic blockade a practical consideration. Likewise, although paravertebral blocks may
result in both somatic and sympathetic blocks, hemodynamic
responses are often less than those encountered during epidural
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Intercostal Nerve Block
Anesthesia of the intercostal nerves provides both motor and
sensory anesthesia of the abdominal wall from the xiphoid to the
pubis. Intercostal nerve blockade is used for various conditions
of acute and chronic pain affecting the thorax and upper abdomen (e.g., postoperative analgesia after thoracotomies, various
cardiac surgeries, and both open and laparoscopic cholecystectomies). It can be performed through several means, including continuous infusions into the subpleural space, through interpleural
catheters, and by direct intercostal nerve block. The surgical site
(i.e., intraoperative anatomical access) determines the available
options.
These nerve blocks involve injections along the easily palpated
sharp posterior angulation of the ribs, which occurs between 5
and 7 cm from the midline in the back. The blocks may be performed more laterally (8 to 10 cm from the midline)138 or more
medially (immediately beyond the transverse processes). The levels of T1–T5 may be most amenable to paravertebral block due
to the overlying scapula and bulky paraspinal musculature at this
region. Establishing blockade of ive or six levels of intercostal
nerves is a useful anesthetic procedure for providing analgesia
and motor relaxation for upper abdominal procedures such as
cholecystectomy and gastric surgery. Unilateral blockade of these
nerves is a useful treatment for the pain of rib fracture and also
serves to reduce postoperative analgesia requirements in patients
with subcostal incisions. Several segments must be blocked in
each of these applications because of the overlap in supply of the
intercostal nerves. This technique is also useful in reducing the
pain associated with the insertion of chest tubes or percutaneous
biliary drainage procedures.
For intercostal blocks, the patient may be in the lateral, sitting,
or prone position. For operative anesthesia, the prone position is
most practical. A pillow is placed under the abdomen to provide
slight lexion of the thoracic spine. The arms are draped over the

edge of the stretcher or operating table so that the scapula falls
away laterally from the midline. The anesthesiologist stands at the
patient’s side. Most anesthesiologists prefer to stand on the side
that allows their dominant hand to hold the syringe at the caudad
end of the patient.

Procedure Using Landmark-based Technique
landmarks.

The reader is referred to the Clinical Anatomy section above for descriptions of the locations of the relevant landmarks. The spinous processes in the midline from T6 to T12 are
marked. The ribs are then identiied along the line of their most
extreme posterior angulation. The 6th and 12th ribs are marked
irst at their inferior borders, and a line is drawn between these
two points. The rest of the ribs between them are identiied, and a
mark is placed on the inferior border of each rib along the angled
parasagittal plane identiied by the irst line between the 6th and
12th ribs.
needling.

After aseptic preparation, light sedation is provided for
the patient, and a skin wheal is raised at each mark on the inferior border of each respective rib. Starting with the lowest rib,
the index inger of the cephalad hand retracts the skin above the
identifying mark in a cephalad direction. Using the other hand,
the anesthesiologist inserts a needle (22 gauge, 3.75 cm) directly
onto the rib, maintaining a constant 10-degree cephalad angulation. After contact is made with the rib, the cephalad traction is
slowly released, the cephalad hand takes over the needle and syringe, and the needle is allowed to “walk” down to below the rib
at the same angle. The needle is then advanced approximately 4
mm under the rib.

inJection.

Once in the groove, aspiration is performed and 3 to
5 mL of a local anesthetic solution is injected. The needling and
injection procedure is repeated for each segmental level and for
both sides if applicable. Since the intercostal space is highly vascularized, local anesthetics are absorbed rapidly, and toxic levels
of local anesthetic may be encountered when using large volumes,
which can quickly lead to neurologic or cardiovascular sequelae.
Maximum doses should be calculated and followed carefully for
these blocks.

Procedure Using Ultrasound Imaging
The ribs can be easily visualized with the use of US. A highfrequency (5 to 15 MHz) probe can be used and is placed in a
longitudinal axis. The rib will appear as a hyperechoic line casting a hypoechoic bony shadow underneath (Fig. 35-26). The
pleurae can also be seen to “glitter” as they slide with respiration.
The remainder of the procedure will be similar to that of blind
technique. If a more medial (proximal) intercostal nerve block is
desired, such as to relieve the pain of herpes zoster or of proximal
rib fractures, US imaging of the costotransverse joint and ribs may
be helpful. The section below on paravertebral block describes and
illustrates this imaging.

Comments
■

■

Intercostal nerve blocks can be supplemented by a number of
somatic paravertebral nerve blocks or sympathetic block of the
celiac plexus. Care should be taken to adjust the total dose of
drug in these combined techniques so that the maximal recommended amounts are not exceeded.
The advantages with intercostal block over sole intravenous opioid use include superior analgesia, opioid sparing, improved
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block. Sympathetic blocks are commonly performed at the major
ganglia, particularly the stellate, celiac, and lumbar plexus. These
blocks may require multiple injections and are technically more
dificult than axial anesthesia, but they offer advantages in certain
clinical situations. These blocks are not considered here, and the
reader is referred to Chapter 56.
Ilioinguinal and iliohypogastric nerve blocks are used for procedures in the inguinal area including hernia repair and orchidopexy. A lumbar plexus block is not optimal in these cases, since
these nerves exit the plexus more cranially (L1–L2) than those
nerves targeted by the lumbar plexus block (L3–L5). Transversus abdominis plane (TAP) block133,134 and rectus sheath
blocks135,136 can also be performed for abdominal, umbilical,
or other midline surgical procedures and are often performed
bilaterally. Approaches to the rectus sheath block the terminal
branches of the 9th, 10th, and 11th intercostal nerves within the
rectus sheath; ideally, injection is between the posterior rectus
sheath and the rectus abdominis muscle. The TAP block aims to
impede innervation of the abdominal wall up to the level of T8
by injecting local anesthetic between the transversus abdominis
and internal oblique muscles. The initial technique of multiple
injections of local anesthetic in the abdominal wall was modiied
to a single injection using the landmark technique by locating
the “lumbar triangle of Petit.”137 With the advent of US-guided
regional techniques, in which the layers of musculature can
be identiied, needle insertion and local anesthetic deposition
between the fascial layers can be visualized in real time. Thus,
the approach to the TAP block has evolved yet again and become
more common.
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FIGure 35-26. Ultrasound image showing the hyperechoic lines of the ribs casting a hypoechoic bony shadow. The pleura is
the hyperechoic line deep to that of the ribs and has a glittery appearance, especially on respiration.

■

■

■

pulmonary mechanics (including earlier extubation), and
reduced central nervous system depression.138 Intercostal
blocks are often used in addition to systemic analgesia (e.g.,
intravenous, patient-controlled analgesia).
Despite frequent concern about the incidence of pneumothorax with intercostal blocks, this complication is rare, especially
when US is used in experienced hands. This depends primarily on maintaining strict safety features of the described technique. Emphasis should be placed on absolute control of the
syringe and needle at all times, particularly during injection.
A common complication is related to the sedation required to
perform this block in the prone position. Overdose can lead
to airway obstruction and respiratory depression in the prone
position. Attention must be paid to the patient’s mental status
because this block produces the highest blood levels of local
anesthetics compared to any other regional anesthetic technique. When the block is performed for postoperative pain
relief, the dose should be reduced to 0.25% bupivacaine or
ropivacaine to minimize the chance for toxicity.
It is possible to produce partial spinal or epidural anesthesia
if the injection is made close to the midline and the anesthetic
tracks along a dural sleeve to the epidural or subarachnoid space.
Respiratory insuficiency can also be seen if the intercostal muscles are blocked in a patient who depends on them for ventilation. Patients with chronic obstructive disease with ineffective
diaphragm motion are not good candidates for this technique.

Paravertebral Block
Techniques
This block technique is useful for segmental anesthesia, particularly of the upper thoracic segments. It is also useful if a blockade more proximal (central) than that of the intercostal nerves
is needed, such as to relieve the pain of herpes zoster or of a

proximal rib fracture. The thoracic paravertebral block is used for
breast surgery and perioperatively for thoracic surgery. Thoracolumbar paravertebral anesthesia is commonly used for inguinal
herniorrhaphy and postoperative analgesia following hip surgery.
Lumbar paravertebral blockade has been used successfully for
outpatient hernia operations, providing signiicant postoperative
analgesia.
Single-injection paravertebral block used for surgical anesthesia has been shown to surpass general anesthesia with respect to
postoperative pain relief, incidence of vomiting, and pain during mobility.139 Paravertebral blocks are considered “unilateral
epidurals,” since they selectively block spinal nerves on the side
of anesthetic application, although they also have the potential
for epidural spread (i.e., they can be bilateral if desired). The
anesthesia includes both somatic and sympathetic effects, with a
reduced hemodynamic response (e.g., hypotension) as compared
to epidural anesthesia. This nerve block requires excellent knowledge of paravertebral anatomy but can be easily performed with
experience.
The upper ive ribs are more dificult to palpate laterally, and
blockade of their associated intercostal nerves is best performed
with a paravertebral injection. This approach is technically more
dificult and has slightly greater potential for complications
because of the proximity of the lung and intervertebral foramina.
The paravertebral block can be used at any level. At the lumbar
spine, some prefer to perform lumbar plexus block to reduce the
number of injections and avoid sympathetic block. The injection
is made into the triangular paravertebral space where the spinal
nerve has just left the intervertebral foramen. The nerve may
be dificult to localize using bony landmarks in a blind fashion,
and larger volumes of local anesthetic are often required. NS has
been used to localize the nerve. US can be performed prior to the
block to improve bony landmark identiication, particularly for
patients who have an obese habitus or a spinal deformity. However, real-time US guidance can be challenging and may offer
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Procedure Using Nerve Stimulation or
Loss-of-resistance Technique
landmarks. The paravertebral approach varies depending on the
spinal level and the respective orientation of the vertebral spinous
and transverse processes (Clinical Anatomy). Thus, paravertebral
blocks in the upper thoracic region are performed at each level by
identifying the spinous process of the vertebra above the level to
be blocked; in the lumbar region, the spinous process of the level
to be blocked is used to locate the transverse process. The appropriate spinous processes in the region to be blocked are marked
and transverse lines are drawn across the cephalad border and extended laterally to overlie the transverse process (approximately
2.5 cm) (Fig. 35-27). Finally, the transverse processes are marked
individually or by drawing a vertical line parallel to the spine joining the ends of the transverse lines. For a diagnostic block, a single
nerve may need to be anesthetized. For pain control, several levels
must be identiied. The injection of at least three segments (as
in intercostal blockade) is required to produce reliable segmental
block because of sensory overlap from multiple nerves.
needling.

After aseptic skin preparation and patient sedation, skin
wheals are raised at the marked transverse processes. A 22-gauge,
70-mm insulated needle is introduced through the skin wheal in
the sagittal plane and directed slightly cephalad to contact the
transverse process (usually at a depth of 2 to 4 cm in the thoracic
region and 5 to 8 cm in the lumbar region), or, oftentimes likely,
the costotransverse ligament. Gentle cephalad or caudad explo-

ration may be required to identify the bone. The depth of the
transverse process should be carefully noted on the needle shaft.
The needle is now withdrawn from the transverse process to the
skin level and reinserted 10 degrees superiorly (to target the spinal
nerve corresponding to the spinous process) or inferiorly (corresponding to the vertebral level below the spinous process) and
1 cm deeper than the point of bone contact. The needle should be
angled slightly medially to avoid causing pneumothorax. There
will be a subtle “give” at the midpoint between these landmarks
(spinous and transverse processes), indicating entrance into the
paravertebral space.
nerve localization. For NS, an initial current of 2.5 to 5 mA is
used and the needle is advanced until contractions of the appropriate muscles (e.g., abdominal muscles with lumbar paravertebral block) are observed, after which the current intensity is reduced to localize the nerves at 0.5 to 0.6 mA. A test dose of local
anesthetic will conirm nerve localization with abolishment of
the nerve response, resulting from the current dissipation at the
needle tip from the conducting solution.26 For loss of resistance, a
22-gauge Tuohy needle is utilized. After walking off the transverse
processes, a “pop” or loss-of-resistance may be felt when entering
the paravertebral space.
inJection.

When the needle has entered the paravertebral space,
3 to 7 mL of local anesthetic is injected after careful aspiration
at each site, depending on the number of sites and patient size.
Attention must be paid to the total milligram dose injected; the
volume required to block each level limits the concentration that
can be used and the total number of levels that can be blocked.
If lumbar paravertebral injections are combined with intercostal
blocks, the concentration and total volume for both blocks may
have to be reduced.

Procedure Using Ultrasound Imaging
Imaging for these blocks is often used before block performance
(i.e., “preprocedural,” “supported,” or “off-line” imaging) rather
than during (i.e., “real-time” or “on-line” imaging) to identify the
deep bony landmarks, including the articular and transverse processes. Real-time US-guided paravertebral block is an advanced
block and should only be performed by experienced personnel.
scanning. Placing the probe transversely at the midline will provide an overview of the vertebral lamina and processes, as well
as costal structures if viewing the thoracic spine (Fig. 35-28). A
medial-to-lateral scan using a longitudinally placed probe can
then be used to locate and mark important bony landmarks
(Fig. 35-29). For this, a 5 to 7 MHz curved-array US probe (lower
frequency for obese patients and higher frequency linear probes
for thin adult or pediatric patients) is positioned in the sagittal
plane on top of the spinous processes of the target thoracic or
lumbar region. Subsequent lateral scanning will allow consecutive identiication of the lamina, articular and transverse processes,
and, in the thoracic spine, the ribs.
appearance.

FIGure 35-27. Landmarks for the paravertebral block at the thoracic
spine. The spinous process of the level (e.g., T6) below the block (e.g.,
T7) is identified and a line is drawn horizontally from the cranial aspect
of the spinous process to mark the transverse process. The needle is
inserted at appropriate spinal levels at the lateral line marking the transverse processes.

The initial transverse scan will show a hyperechoic
outline of the vertebral spinous and transverse processes, the lamina, and (in the thoracic spine) the associated rib. During the lateral scan with the probe placed longitudinally to the spine, the
laminae will appear irst as largely overlapping linear structures.
The articular processes in long axis appear as “multiple lumps,”
just lateral to the spinous processes and are short rectangular
structures with hyperechoic lines and underlying hypoechoic
bony shadowing. Moving laterally, the transverse processes
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limited additional value from preprocedural landmark identiication, since the overriding bone tissue relects the US beam and
provides dorsal shadowing, which obscures imaging (especially of
the needle) to the depth of the paravertebral space.
Paravertebral block is performed with the patient in the lateral, sitting, or prone position, the latter using a pillow placed
under the patient’s abdomen to produce lexion of the thoracic
and lumbar spine.
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FIGure 35-28. Probe placement and ultrasound image during paravertebral block in the thoracic spine. The probe is first
placed in the midline of the spine to capture a transverse view of the vertebral and costal (if thoracic spine) elements.

FIGure 35-29. Ultrasound images
from scanning in a medial-to-lateral
direction with a curved ultrasound
probe placed in the longitudinal axis.
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appear and look similar to the articular processes; they will disappear from the view when the probe is moved beyond their tips,
which can help distinguish them from the articular processes and
mark the lateral block location. Beyond the transverse processes,
the rib heads appear as long shadows within hyperechoic borders,
deep to the linear hyperechoic muscle ibers of the paravertebral
muscles. The paravertebral space lies deep to the transverse processes and the pleura can often be identiied between and deep to
the transverse process, as well as deep to the ribs.

■

■
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posterior margin being the latissimus dorsi muscle, and the
external oblique muscle lies anteriorly.
A blunted 22-gauge, 50- to 100-mm needle (depending on
body habitus) is inserted perpendicularly, immediately posterior to the midaxillary line and above the iliac crest.
The irst and second “pops” will be felt as the needle traverses through the fascial layer of the external and internal
oblique muscles, respectively. The needle should be within
the plane between the internal oblique and the transversus
abdominis.

needling.

Procedure Using Ultrasound Imaging
■

■

local anesthetic spread.

Local anesthetic spread will be dificult to
view if using real-time guidance during this block. The overlying
bones largely relect the US beam and obstruct visibility beyond into
the paravertebral space.

Comments
■

■

■

■

Since the paravertebral space is well vascularized, inadvertent
vascular puncture will often occur, highlighting the need for
frequent aspiration and injection in small aliquots.140
The complication of pneumothorax is more likely with a paravertebral technique than with intercostal block. The needle
should be directed medially as it passes below the transverse
process and never more than 2 cm beyond the transverse process. If cough or chest pain occurs, a chest radiograph should
be performed to rule out pneumothorax.
Subarachnoid injection is also more likely in the thoracic area
because of the extension of the dural sleeves to the level of the
intervertebral foramina. Careful aspiration is important but may
not prevent the unintentional injection of local anesthetic into
the subdural space. Total spinal anesthesia can result with a 5- to
10-mL injection. Systemic toxicity is also a possibility because of
the need for relatively large volumes of local anesthetic.
If attempting real-time US guidance of paravertebral block, it 6
is important to carefully observe the angulation of the needle,
and using an IP needle alignment with respect to a longitudinal
probe position may be most prudent. The needle should not be
inserted with a signiicant medial direction as there is a risk of
spinal cord injury from intraforaminal insertion and injection.
Likewise, a lateral direction bears the risk of pneumothorax. If
choosing to use real time US guidance during block procedure,
please note: (1) with the probe placed in the sagittal/longitudinal plane, OOP needling may be more risky, as it often requires
the medial or lateral angulations described above, and (2) an IP
needling approach can be more risky when the probe is placed
in the coronal/transverse plane.

Transversus Abdominis Plane Block
Procedure Using Landmark Technique
■

The patient is positioned supine, and the “Triangle of Petit”
is identiied with the inferior margin being the iliac crest, the

■

■

Scanning: A high-frequency (10 to 15 MHz) linear probe is often
used for this block. With the patient lying supine, the probe is
placed transversely in the midline to identify the rectus muscles.
The probe is then slid laterally, and the three layers of muscles—
the external oblique, the internal oblique, and the transversus
abdominis—can be identiied (Fig. 35-30). The probe should
then be positioned above the iliac crest in the anterior axillary line.
Appearance: The intercostal nerves can be too small and scattered to be identiied under US imaging; therefore, the TAP
block is predominantly a muscular plane block. The three layers of the abdominal muscles can be clearly identiied as they
are separated by the hyperechoic fascia. Beneath the abdominal
muscles is the peritoneum, which is the hyperechoic line seen
on US underneath the transversus abdominis. Below this lies
the peritoneal cavity, in which bowel peristalsis can be seen in
real time.
Needling: During IP needling, the image should be adjusted so
that the three layers of the abdominal muscles and a small portion of the peritoneal cavity are in view. A 22-gauge, 100-mm
needle can be used in a medial-to-lateral direction to reduce
the risk of peritoneal puncture, and it should aim toward the
muscle plane between the internal oblique and transversus
abdominis muscles.
Local anesthetic spread: The aim is to spread 20 to 30 mL of
local anesthetic, without exceeding the toxic dose (e.g., 2 mg/
kg of bupivacaine or 3 mg/kg of ropivacaine) on either side
of the abdomen for transverse incision across the midline.
The local anesthetic injection will appear as an expansion
of hypoechogenicity deep to the fascial plane of the internal
oblique and above that of the transversus abdominis muscle.
Please refer to the accompanying video clip for a demonstration of the TAP block.

Comments
■

■

■

■
■

It is important to ensure local anesthetic spread in the correct
fascial plane, rather than injecting local anesthetic intramuscularly.
There may be blood vessels within the abdominal muscles;
therefore, color Doppler should be employed to ensure the
needle trajectory is clear of blood vessels.
For midline incisions of the abdomen, rectus sheath block
can be performed by targeting the local anesthetic injection
between the rectus abdominis muscle and the posterior rectus
sheath, which is formed by the aponeurosis of the three layers
of abdominal muscles.
TAP blocks have been demonstrated to provide effective analgesia in the obstetrics and general surgery populations.141–143
TAP blocks can be modified into transversalis fascial plane
(TFP) block by targeting the local anesthetic injection
into the layer between the transversus abdominis muscle
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Since multiple injections are generally needed to completely cover all the dermatomes of the surgical area in clinical
practice, US imaging is more suitable for a preblock assessment
(“supported” US) to visualize and measure the depth of needle
penetration required for the needle to contact the transverse processes. Needling will be identical to that for the blind technique,
with the exception that the depth to the transverse process will
be more accurately known. It is possible to perform real-time US
guidance, using either IP or OOP needle alignment. The reader is
referred to the Comments section for advice related to important
precautions when using US guidance.
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FIGure 35-30. A high frequency linear probe placed transversely above the iliac crest in the anterior axillary line, showing the
three layers of abdominal muscles, the peritoneum, and the peritoneal cavity. The needle is at an IP alignment to the probe from
medial-to-lateral direction.

■

aponeurosis and the transversalis fascia. Local anesthetic
will spread proximally over the inner surface of the quadratus lumborum muscle to anesthetize the proximal portions
of the T12 and L1 nerves. The TFP block has been demonstrated to provide analgesia for anterior iliac bone graft
harvesting.144,145
Traditionally, paravertebral blocks and other trunk blocks are
performed blindly, with either sole use of landmarks, including
a loss of resistance to needle penetration of the costotransverse
ligament for paravertebral block, or combined landmark and
NS technique. US imaging may be beneicial for these blocks,
particularly paravertebral block, in order to facilitate landmark
localization. For example, preprocedural scanning can identify
the tips of the transverse processes, which will help to identify
correct needle insertion site. US may be particularly useful for
performing blocks in obese patients (where the depth of needle
insertion will be modiied) or those with anatomical variation
(e.g., scoliosis). This section provides a detailed description of
the technique using NS guidance but will also provide illustrations in the sections on paravertebral and inguinal blocks of US
imaging prior to block performance.

An overview of the anatomy of the spinal nerves is described
at the beginning of the Upper Extremity section. The dermatomal innervation of the thoracic and lumbar nerves is illustrated
in Figure 35-8.

Ilioinguinal and Iliohypogastric Nerve Blocks
These blocks are performed easily with blind technique, although
US imaging may be used to help improve the success rate of nerve
localization and deposition of local anesthetic in the correct fascial plane in close proximity to the nerves.

Procedure Using Blind Technique (Single-shot Fascial Click)
landmarks.

The injection site is located at about 1 to 2 cm medial
and 1 to 2 cm inferior to the anterior superior iliac spine.

needling and inJection.

A 25-gauge, 35- to 50-mm blunted hypodermic needle can be used. The needle is inserted from the anterior
abdomen (vertically) until a fascial click is detected, presumably
at the junction of the internal oblique and transverse abdominis
muscles. About 10- to 15-mL local anesthetic can be injected.

Procedure Using Ultrasound Imaging
scanning. Two different approaches have been used for US scanning of the ilioinguinal and iliohypogastric nerves.57,146 In their
clinical study, Willschke et al.57 used a small footprint (“hockey
stick”), 5 to 10 MHz probe, placed in transverse axis, just medial and superior to the anterior superior iliac spine. The crosssectional view of the ilioinguinal nerve can be captured lying
between the internal oblique and transverse abdominis muscles. In
their cadaveric study, Eichenberger et al.146 found that a 7.5 MHz
probe was superior to one with a 10 MHz frequency. They used
a position about 5 cm cranial and slightly posterior to the anterior superior iliac spine, where both nerves have been shown to be
present between the above mentioned muscles with a 90% probability. These authors visualized both nerves as distinct entities.
appearance.

The nerves appear hypoechoic with many hyperechoic dots and a distinct hyperechoic rim (Fig. 35-31). They
have an oval, somewhat “boomerang” shape and appear embedded between the fascicular hypoechoic-appearing muscles. In the
more cranial position, the iliac bone, with its hyperechoic border
and dorsal shadowing, may be captured on the medial aspect of
the screen. The thin external oblique muscle lies supericial at the
cranial position, but it may not be visible more inferiorly.
needling.

Both groups of authors used an OOP needling alignment, with the needle placed caudad to the probe in its center with
good needle tracking. However, an IP approach is also feasible.

local anesthetic spread. Either one or two injections can be made,
depending on the number of distinct nerves localized. The dose
of local anesthetic may be lower (0.075 mL/kg has been shown

tahir99-VRG & vip.persianss.ir

CHAPTER 35 Peripheral Nerve Blockade

977

Ilioguinal and iliohypogastric
nerve block
Ilioinguinal Nerve
Iliohypogastric Nerve
EO

External Oblique Muscle

IO

Internal Oblique Muscle

TAM

Transversus Abdominis Muscle

ASIS

Anterior Superior Iliac Spine
Direction of the block needle
US Probe

effective for a single injection technique in children)147 when using US imaging, since the nerves are well localized. A hypoechoic
area of solution should be visualized adjacent to the nerve(s).
comments

■

■

■

The ilioinguinal and iliohypogastric nerves may exist as a
common trunk at the level of the anterior superior iliac spine,
which further supports the use of US guidance for localizing
the individual nerve.146
Since there is high variability in the skin innervation from
these nerves, it is impossible to conirm with clinical tests
which nerve is blocked. Injecting lateral to the most laterally
positioned ilioinguinal nerve, or medial to the iliohypogastric
nerve, has been reported as one method to block these nerves
individually.146
Complications of this block are generally volume-related and
include systemic toxicity and transient femoral nerve palsy. A
recent assessment of the accuracy of the blind technique using
US demonstrated that, even in experienced hands, needles
were inserted deep to the transverses abdominis muscle over
40% of the time,148 reinforcing the value of US in helping to
prevent inaccurate needle placement or inappropriate anesthetic spread.

Penile Block
7 A penile block is used in children and adults for surgical procedures of the glans and shaft of the penis. The dorsal nerves (terminal branches of pudendal nerve; S2–S4) lie bilaterally on the
outer aspect of the dorsal arteries of the penis. From the base of
the penis, they divide several times and encircle the shaft of the
penis before reaching the glans. This block is often performed as
a circumferential iniltration of the root of the penis (ring block).
Two skin wheals are raised at the dorsal base of the penis, one on
each side just below and medial to the pubic spine. A 25-gauge,

37.5-mm needle is introduced on each side, and 5 mL of anesthetic (0.5 to 1 mL for infants) is injected supericially and deep
along the lower border of the pubic ramus to anesthetize the
dorsal nerve. For a complete ring of iniltration, an additional
5 mL (adults) is iniltrated in the subcutaneous tissue around
the underside of the shaft. A larger needle or a second injection
site may be needed to complete the ring. Twenty to twenty-ive
milliliters of 0.75% lidocaine or 0.25% bupivacaine usually sufices in adults. Epinephrine-containing solutions should not be
used to avoid compromising penile circulation. US can be used to
improve the eficacy of penile blocks and, in one study, was found
to decrease postoperative pain and delay the administration of
postoperative analgesics, although procedures using US were, on
average, 10 minutes longer in duration compared to those performed blindly.149

lower Extremity
Combined blocks of the lumbar and sacral plexuses provide
effective surgical anesthesia to the entire lower extremity. Prior
to the 1990s, an “anterior lumbar block” approach (also referred
to as the “femoral three-in-one” approach), irst described by
Winnie et al. in 1973,150 was commonly performed, based on the
assumption that a large volume local anesthetic injection into the
femoral nerve sheath would produce spread of the solution proximally to anesthetize the obturator and lateral femoral cutaneous
nerves as well. Later reports of failures to obtain obturator nerve
block with this approach151,152 led to the femoral block being considered as an individual nerve block and advocated the posterior
lumbar block approach for accessing the whole lumbar plexus.
PNB is indicated when spinal, caudal, or epidural techniques
are contraindicated or when selective anesthesia of one leg or foot
is needed. Because the anatomic landmarks identifying the fascial
sheaths or compartments of the plexuses are not as clearly deined
as those in the upper extremity, lower extremity blocks are often
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FIGure 35-31. Ultrasound image with transverse scanning on the abdomen just medial to the anterior superior iliac spine
(ASIS). Shown are the ilioinguinal and iliohypogastric nerves lying between the internal oblique and transversus abdominis
muscles, just medial to the ASIS. These nerves can be blocked using an IP alignment from medial-to-lateral direction to avoid
puncturing through the peritoneum.
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performed more distally, where the nerves have already separated
into terminal branches. Thus, in addition to the fascial compartment approach (psoas block), there are peripheral approaches
described at the anterior and posterior hip, knee, and ankle.

Techniques
Psoas Compartment Block
Several techniques for blocking the lumbar plexus using a posterior approach have been described; however, the one at the
psoas compartment, described irst by Chayen et al. in 1976,153
remains popular. This block is performed, often with a single
injection, at a point some distance lateral to the spinous process
of L4, since the nerves of the lumbar plexus are in close proximity between the transverse processes of L4 and L5. Continuous
psoas compartment blocks have also been shown to be effective
for anesthesia (with sciatic nerve block) and perioperative analgesia in patients with hip fractures154 and after hip arthroplasty.155
A more cephalad approach, near L3, as described by Parkinson
et al.152 may be used, although there have been reports of renal
subcapsular hematomas with blocks performed at this level.156
This block has the advantage of blocking the entire lumbar plexus
and therefore provides anesthesia/analgesia of the anterolateral
and medial thigh, the knee, and the cutaneous distribution of the
saphenous nerve below the knee. Although the sacral nerve roots
may be anesthetized, this block will likely not provide complete
anesthesia/analgesia for the entire upper leg, and sciatic nerve
block will usually need to be performed as well. The patient is
placed in the lateral position, with the operative side up. Adequate sedation should be provided since the plexus lies deep and
the needle must penetrate several muscles. Prepare the needle
insertion site and skin surface with an antiseptic solution. Prepare the US probe surface by applying a sterile sleeve or adhesive
dressing to it before needling (not shown).

Procedure Using Nerve Stimulation Technique
The landmarks developed by Capdevila et al.155 using
computed tomography are illustrated here (Fig. 35-32). As compared to the depth of the lumbar plexus or transverse processes,
the distance between the L4 spinous process and the lumbar
plexus is not affected by body mass index. The spinous process
of L4 is estimated to lie approximately 1 cm cephalad to a line
between the tops of the iliac crests (intercristal line); a horizontal
line is drawn laterally from the L4 spinous processes to the far
side of the body. A vertical line, running parallel to the spine, is
then drawn at the point of the posterior superior iliac spine to
intersect the horizontal line. The lumbar plexus is then located
with an “X,” below a point on the horizontal line, at the junction
between the lateral third and medial two-thirds between the spine
and posterior superior iliac spine. The mean skin-to-lumbar plexus depth at the level of L4 is 8.4 cm in adult men and 7.1 cm in
adult women based on computed tomography assessment. The
distance between the posterior edges of the transverse processes
of the lumbar vertebrae and the lumbar plexus is about 1.8 cm.

landmarks.

needling.

A skin wheal is raised at the marked block site. An insulated needle (17 to 20 gauge, 110 to 150 mm long, depending
on body habitus) is inserted perpendicular to all planes at the “X”
until contact with the L4 transverse process is obtained (approximately 5 to 6 cm deep). After contact, the needle is withdrawn
and redirected caudad below the process to a maximum depth of
2 cm deep to the transverse process.

FIGure 35-32. Surface landmarking for the psoas compartment
block. The needle insertion site is one-third the distance along a horizontal line extending from the L4 transverse process to where it crosses
a vertical line dissecting the posterior superior iliac spine (PSIS). PIIS,
Posterior inferior iliac spine.

nerve localization. With the nerve stimulator set to deliver an
output current of 1 to 1.5 mA, a contraction of the quadriceps
muscle (patellar twitch) is sought. The plexus is localized when
the motor response is maintained at 0.3 to 0.5 mA. If a motor
response is not obtained at irst, cautiously moving the needle in
a slight medial direction, without aiming toward the spinal cord,
or in a direction 15-degree caudad or cephalad may help.
inJection.

After the plexus is localized, 30 to 40 mL of local anesthetic is injected, using careful aspiration and administration of
a test dose to rule out intravascular, epidural, or subarachnoid
placement. Fifteen to twenty minutes may be required for spread
of the anesthetic to all the roots of the lumbar plexus. It will take
longer to produce anesthesia of the caudad branches (the lower
sacral ibers that form the tibial nerve), and they may not become
anesthetized at all.

Procedure Using Ultrasound Imaging
The lumbar plexus is dificult to view adequately, as the target
structures are deep. Similar to paravertebral block, US imaging
may be best for identifying the exact location and depth of the
transverse processes prior to the block procedure. If there is desire
to perform the block at L3–L4, viewing the kidneys prior to and/
or during the block may help prevent renal injury and hematoma.
The combined use of NS technique with US is still recommended
to conirm correct needle placement.
scanning. A curved array probe (5 to 8 MHz) is placed in the transverse plane in the midline at the level of the L4 spinous process
to provide an overview of the L4 vertebra (Fig. 35-33). The probe
should be rotated to the longitudinal axis, parallel to the spine,
which will allow a lateral scan to be performed to identify the tips
of the transverse processes. The absence of associated ribs means
that the tips of the transverse processes are fairly easily delineated.
appearance.

The deep location of this block precludes clear visibility of the lumbar plexus. Indeed, the transverse processes (which
are the primary landmarks) are often only vaguely delineated.
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FIGure 35-33. Ultrasound-assisted psoas compartment blockade. The curved array probe can be placed longitudinally to
help mark the block location (the tips of the transverse processes; top right image). The US probe can also be positioned
transversely to capture an overview of the spinal column (bottom right image). If attempting real-time needle insertion, the
safest needle alignment will be IP to a longitudinally placed probe over the L3–L5 transverse processes.

Therefore, it is important to switch between transverse and longitudinal scanning between the spinous processes and the tip of
the transverse processes to survey the area. In the transverse scan,
the spinous processes appear hypoechoic (likely due to dorsal
shadowing effect) and extend supericially, while the transverse
processes are hyperechoic masses/lines at the lateral edge of the
vertebra. The fascicular-appearing musculature is evident surrounding the vertebra, yet poorly delineated by most compact US
machines. In the longitudinal scan, the lateral tips of the transverse processes will be identiied at the most lateral point where a
hyperechoic nodule is viewed.

lad approach above L4, real-time imaging may be helpful to view
the kidneys (especially during inspiration when they fall toward
L3–L4) (Fig. 35-34). An IP needle alignment with respect to a longitudinal probe may be most suitable to avoid excessive medial or
lateral needle angulation (see Paravertebral Blockade comments).
local anesthetic spread. It will be dificult to view local anesthetic
spread when using US guidance. If seen, a hypoechoic mass will
spread within the muscle mass lateral and deep to the transverse
process.

Comments

needling.

Needling will be identical to that for the blind technique,
with the exception that the depth to the transverse process will
be more accurately known. If choosing to perform a more cepha-

■

The psoas compartment block can be beneicial for placing
a catheter to provide long-lasting analgesia; the catheter is
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FIGure 35-34. The curved array probe can be placed transversely to capture an overview of the spinous process, articular
process, and the transverse process with the psoas muscle just deep and lateral to it. Puncture of the kidney can be a potential
complication of psoas compartment block; therefore, if attempting real-time needle insertion, the safest needle alignment will
be IP to a longitudinally placed probe over the L3–L5 transverse processes since the kidney may come to view at a more cephalad
position.

■

■

securely ixed by the psoas muscles and kept away from any
active joint region. After obtaining good localization with the
stimulating needle (bevel facing caudad and lateral), a stimulating catheter is advanced 3 to 5 cm. In some cases, injecting a
nonconducting solution such as D5W to expand the perineural
space, while maintaining the electrical characteristics is helpful.27 The quadriceps muscle contraction should be maintained
during catheter advancement with a stimulating catheter.
Prepuncture US may be beneicial prior to needle insertion and
catheter placement. Using a higher frequency (6 to 13 MHz)
linear array transducer, Ilfeld et al.157 showed that the depth
and location of each transverse process could be accurately
estimated, allowing the user to minimize risks associated with
needle/catheter insertion into the lumbar plexus.
Complications of this technique include hematoma in the
muscle sheath, retroperitoneal space, or kidney (hence, this
block is contraindicated in patients with coagulopathy or
bleeding diathesis); infection; and catheter placement within
the peritoneum. Neuropathy of the nerves is possible. Unintended spread to the epidural or even subarachnoid space has
also been reported.

Separate Blocks of the Terminal Nerves
of the lumbar Plexus
Anesthesia can be performed for four terminal nerves (lateral
femoral cutaneous, femoral, obturator, and saphenous), although
a lumbar plexus block is preferable if anesthesia of all these nerves
are required. Anesthesia of the lateral femoral cutaneous nerve is
occasionally used to provide sensory anesthesia for obtaining a
skin graft from the lateral thigh. It can also be blocked as a diagnostic/therapeutic tool to identify cases of meralgia paresthetica

(a neurologic disorder of the lateral femoral cutaneous nerve). It
has been shown that the obturator nerve provides variable sensory
supply to the medial aspect of the thigh and the knee joint and
also gives off branches to the hip joint.158 Obturator nerve block
can be effective to prevent obturator relex during transurethral
bladder tumor resections, for treatment of pain in the hip area,
for adductor spasm (as seen in multiple sclerosis patients), or as
a diagnostic tool when studying hip mobility.159 Saphenous nerve
block often complements sciatic nerve block when anesthesia of
the medial aspect of the ankle and foot are required. Procedures
on the knee require anesthesia of the femoral and the obturator
nerves, although postoperative analgesia of the knee can usually
be provided by femoral nerve block alone. Single-shot femoral
nerve block provides suitable postoperative analgesia after total
knee arthroplasty while sparing the side effects of intrathecal
morphine.160 The use of a continuous technique can also reduce
side effects as compared to continuous epidurals161 and can facilitate rehabilitation.162 A US-guided infrapatellar nerve block has
been described for use for postoperative analgesia after outpatient
arthroscopic surgery163 but will not be included here. Since separate femoral nerve block is used extensively for analgesia, and US
guidance has been described for this block, this chapter will provide a comprehensive description of this block. US guidance for
obturator nerve block has been described and will be examined
here. The other two nerve blocks will only be briely discussed.
The block sites for the femoral, lateral femoral cutaneous, and
obturator nerves are illustrated in Figure 35-15.

Femoral Nerve/Fascia Iliacus Block
procedure using nerve stimulation

■

Landmarks: The patient is placed in the supine position, with
slight external rotation of the femur. A pillow can be placed
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■

■

block. Intermittent injection with interval aspiration should be
performed.
procedure using ultrasound imaging (fig. 35-35)

■

■

■

Scanning: A 10 MHz or higher transducer can be used for
both blocks if the neurovascular structures are not located too
deep (i.e., thin individuals), as this will show good distinction
between the nerve and the surrounding structures (vessels and
muscles). A midrange 5- to 8-MHz linear transducer is recommended if the nerve and artery are deep (>4 cm). Position the
probe transverse to the nerve axis at the level of the inguinal
crease. The nerve should appear approximately 1 cm deep and
1.5 cm lateral to the femoral artery, depending on body habitus
(color Doppler may be used to identify the femoral artery and
vein).
Appearance: The nerve lies about 1 cm lateral and deep to the
large, circular, anechoic, and pulsatile femoral artery. It often
appears triangular in shape and of variable size, due to its
irregular course; early branching above the inguinal ligament
can increase the transverse diameter of the nerve. The fascia
lata (most supericial) and iliaca (immediately adjacent to the
nerve and in fact separating the nerve from the artery) may be
seen supericial to the femoral nerve and often appear bright
and longitudinally angled.
Needling: Place the nerve at the medial edge of the screen,
with the probe capturing a transverse view of the neurovascular structures. A 50-mm, 22-gauge needle (for single-shot)
can be inserted using either IP or OOP (Fig. 35-35) needle
alignment. The needle should be inserted using an acute (30
to 45 degrees) angle to maximize viewing. IP blocks may be
made easier by angling the needle tip slightly away from the
nerve, while accuracy of catheter placement may be improved
by tilting the needle hub in a caudad direction once the needle tip is appropriately positioned.165 Inserting the catheter
ANESTHESIA FOR SURGICAL
SUBSPECIALTIES

■

under the patient’s hip to facilitate palpation of the femoral
pulse and accentuate other pertinent landmarks for ease of
palpation. Vloka et al.164 studied cadavers using four common needle insertion sites for femoral nerve block and found
that the point where the nerve lies beneath the inguinal crease,
immediately lateral to the femoral artery, was optimal for localizing the nerve. The femoral artery descends at the “midinguinal point,” at the junction between the medial third and lateral
two-thirds of the inguinal ligament, although it is most supericial at the femoral crease. It lies approximately 1 to 1.5 cm
medial to the nerve. The inguinal crease is the skin fold located
approximately 2.5 cm caudad and parallel to the inguinal ligament (Clinical Anatomy of lower extremity).
Needling: A skin wheal is raised lateral to the area where the
femoral artery pulsation is felt and a 50-mm, 22-gauge insulated needle is inserted perpendicular to the skin or using a
cephalad angle of approximately 30 degrees. Aspiration is performed frequently since the femoral artery is situated closely
to the nerve.
Nerve localization: For the femoral nerve using NS, a quadriceps muscle response (patellar twitch preferably) is sought,
with an endpoint of 0.5 mA used for accurate localization.
Branches to the sartorius muscle arise just inferior to the inguinal ligament and leave the femoral nerve proximal to the main
block location site; a response of this muscle to stimulation
often indicates that the needle is too supericial and medial
to the main femoral nerve. For a fascia iliacus block, loss-ofresistance technique is used instead of NS. The needle is placed
vertically 5 cm lateral to the artery at the inguinal crease. Two
pops are felt when the needle traverses the fascia lata and iliacus and enters the iliopsoas muscle.
Injection: Injection of 20 mL (or less) of local anesthetic should
sufice for sole femoral nerve anesthesia. Twenty to thirty milliliters of local anesthetic may be required for the fascia iliacus
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FIGure 35-35. Ultrasound-guided femoral nerve block. The probe is placed in a slightly oblique plane (at the level of and
parallel to the inguinal crease) to capture the nerve in short axis lateral to the femoral artery. The needle can be seen (not shown)
as it transects the fascia lata and iliaca. The photograph illustrates an OOP approach. If IP needling is used, it should occur in a
lateral-to-medial direction.
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perpendicular or parallel to the nerve does not affect quality of
analgesia, although the former technique may facilitate faster
catheter insertion.166 Please refer to the accompanying video
clip for a demonstration of the femoral nerve block.
For iliacus block, the needle is generally placed more laterally
than with the femoral nerve block.
Local anesthetic spread: Performing a test dose with D5W is
recommended prior to local anesthetic application to visualize the spread and conirm nerve localization. Local anesthetic
spread should occur within the fascial space surrounding the
nerve. The solution may displace the nerve medially toward or
laterally away from the artery.

comments

■

■

■

When inserting a catheter, it is debatable whether a stimulating catheter improves placement,167,168 but using a solution to
expand the perineural space has been shown to be beneicial
in some cases.169,170 If a stimulating catheter is used, injection
of D5W for tissue expansion will maintain motor responses to
NS.26,27
The lateral-to-medial needle insertion when using the IP
needle alignment will ensure that the nerve is reached before
reaching the femoral vessels.
It is important to ensure that the US beam is perpendicular to
the nerve’s transverse axis to minimize the chance of anisotropic effects changing the echogenic properties of the structure.
It has been shown that an approximate 10-degree cephalad
or caudad tilt of the transducer can make the nerve isoechoic
(similar-appearing) to the underlying iliopsoas muscle.171

Lateral Femoral Cutaneous Nerve
Using NS technique, Shannon et al.172 found that the lateral
femoral cutaneous nerve can be localized at the inguinal crease,
approximately 0 to 1 cm medial to the anterior superior iliac
spine (Fig. 35-15), although this mark may be highly variant173
and should be conirmed with NS. An insulated needle (5 cm,
22 gauge is suitable) is inserted, using a perpendicular approach
if the puncture is close to the anterior superior iliac spine, but in
a lateral direction if it is at a distance. A “pop” may be felt as the
needle penetrates the fascia lata. The primary end point for NS
with this nerve is paresthesia over the lateral thigh (Fig. 35-14)
with a current of approximately 0.5 to 0.6 mA. The sensory distribution may not extend proximal to the greater trochanter. Five
to ten milliliters of a local anesthetic is usually suficient to obtain
a block. A recent study demonstrated that nerve targeting may
not be necessary in some cases; in patients undergoing knee surgery, injection of local anesthetic immediately under the inguinal
ligament provided suficient blockade without having to inject
directly around the nerve.174

procedure using nerve stimulation technique

■

An insulated needle (18 to 22 gauge, 9 to 10 cm) is inserted
perpendicularly until contact with the inferior pubic ramus is
obtained. The needle is then redirected laterally and caudally to
enter the obturator foramen and advanced 2 to 3 cm. NS using
0.5 mA for a current end point, with adductor muscle contraction, has been shown to greatly improve nerve localization.159

procedure using ultrasound imaging (fig. 35-36). Scanning: The
use of US-guided obturator block at the proximal thigh is predominantly based on the identiication of three muscle layers,
namely, the adductor longus, adductor brevis, and adductor magnus muscles (from supericial to deep). The anterior branch of
the obturator nerve usually lies on the lateral edge between the
adductor longus and brevis muscles, while the posterior branch
of the obturator nerve lies between the adductor brevis and magnus muscles; however, the obturator nerve shows a considerable
degree of variability at this level.176,177 Soong et al.178 used the Acuson Sequoia C256 machine (Siemens Medical Solutions, Malvern,
PA, USA) and found that the anterior and posterior branches may
be most easily visualized with the probe placed 2 cm laterally and
distally to the pubic tubercle. The branches may be localized on
either side of the adductor brevis muscle if the fascial planes of
the muscles are highly visible (hyperechoic). The depths of the
anterior and posterior branches as measured during US guidance
were 15.5 and 29.3 mm, respectively; tissue compression by the
probe may inluence this depth. The main (common) obturator nerve may be hard to view with US imaging. An IP needling
technique and color Doppler will be important to use in order to
avoid adjacent blood vessels.

■

■

■

Appearance: Using a high frequency probe, US visualization of
the three layers of muscle—adductor longus, adductor brevis,
and adductor magus—should be seen. The anterior branches
of the nerve usually appear as hypoechoic circles in between
a hyperechoic layer formed by the adductor longus and brevis, while the posterior branches lie between the layers of the
adductor brevis and magnus muscles at this level. The nerve
can also be blocked more distally at the knee.
Needling: To anesthetize the anterior branch of the obturator
nerve, a 22-gauge needle is inserted in either an IP or OOP
fashion deep to the adductor longus muscle to deposit local
anesthetic immediately beneath the muscle. Similarly, the needle can be inserted deeper to adductor brevis to reach the posterior branch. Five to ten milliliters of local anesthetic should
sufice.
Local anesthetic spread: A homogeneous, hypoechoic spread
pattern between the muscle layers should appear during injection. It is important to avoid intramuscular injection.

comments

Obturator Nerve
Since the obturator nerve branches early after its descent from
the obturator foramen, blocking this nerve within the foramen
near the superior pubic ramus (i.e., before it branches) is often
described for blind techniques. The patient is placed supine with
their hip slightly externally rotated; the hip may also be slightly
lexed and abducted. If using US imaging, a straight leg has been
shown to be the best position. The public tubercle is located and
a mark is placed 1.5 cm both inferior and lateral to it (this mark
should resemble that in Fig. 35-15). An inguinal approach is
another option and may result in higher block success rates and
fewer needle attempts in certain circumstances.175

■

■

Using cadavers and live subjects, Akkaya et al.179 demonstrated
that a hyperechoic triangle bordered by the superior pubic
ramus, posterior edge of the pectineus muscle, and anterior
aspect of the external obturator muscle is an ideal landmark
to locate the obturator nerve, which lies just medial to the
obturator vein.
A recent report using US guidance suggested that a single
injection of local anesthetic into the interfascial space (i.e.,
between the adductor longus and adductor brevis muscles)
containing the anterior branch of the obturator nerve results
in upward (cranial) spreading of anesthetic to block the posterior branch180; further spreading was encouraged by applying
pressure distal to the needle insertion site.
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■

Aspiration is essential when injecting near the unbranched
obturator nerve as the obturator artery lies adjacent to the
nerve, and hemorrhage involving this artery can be life-threatening.181

Saphenous Nerve
Many approaches to blocking the saphenous nerve have been
described, with needle placement at various locations, including the midthigh, surrounding the knee, or at the ankle (as discussed in Ankle Block). A transsartorial block using a blind technique, irst described by van der Wal et al.,182 has been shown to
be more effective compared to blockade at the medial femoral
condyle (paracondylar block) or tibial tuberosity (below-knee
ield block) for producing anesthesia to the medial aspect of
the foot.183 This approach will be described here. US guidance
has been used successfully with a transsartorius perifemoral,184
subsartorial,185 or perivenous (saphenous vein)186,187 approach;
the perifemoral approach will be discussed below. An effective
approach using the sartorius and gracilis tendons as landmarks
has also been described.188 Using the more proximally located
larger femoral artery (rather than the more distal saphenous
branch of the descending genicular artery) as a highly visible
landmark seems to help identify the sartorius muscle and nerve.
procedure using nerve stimulation technique (transsartorial)

■

Landmarks: The sartorius muscle is palpated at the medial
aspect of the knee joint by asking the patient to raise their

■

■

■

extended leg 5 to 10 cm off the table. The block location is
marked by the end of a 4 cm vertical line drawn from this point
in a proximal direction (Benzon et al.183 used a slightly more
cephalad point 3 to 4 cm superior and 6 to 8 cm posterior to
the superomedial border of the patella).
Needling: An insulated 22-gauge needle is inserted caudally
using an angle of 45 degrees with a slight posterior angle
advanced from the medial aspect of the knee, in a slight posterior and caudad angle, to penetrate the sartorius muscle at a
depth of approximately 2 to 3 cm.
Nerve localization: Paresthesia at the medial malleolus should
be felt with the nerve stimulator at 0.6 mA or less at a depth of
3 to 5 cm.
Injection: Following careful aspiration, 10 mL of local anesthetic (e.g., 1.5% to 2% lidocaine) is injected.

procedure using ultrasound imaging (fig. 35-37)

■

■

Using US,184 the sartorius muscle can be easily identiied as
being a supericial roof to the relatively large landmark of the
femoral artery before the artery travels deep and becomes the
popliteal artery via the adductor hiatus. The nerve is located
between the sartorius muscle and the artery in the thigh.
Scanning: A high-frequency linear US transducer (e.g., L38,
MicroMaxx, Sonosite, Bothell, WA, USA) is placed transversely to the longitudinal axis of the extremity at the midthigh,
approximately 10 to 12 cm proximal and 3 to 4 cm medial to
the midpoint of the patella. The femoral artery can be identiied here with certainty by power Doppler, which in turn
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FIGure 35-36. Ultrasound-guided obturator nerve block (anterior and posterior branches) in the proximal thigh using an OOP
approach. It is important to identify the three adductor muscles—the adductor longus, adductor brevis, and adductor magnus
muscles (from superficial to deep). The pectineus muscle should also be in view on the lateral side since the anterior branch of
the obturator nerve is sandwiched between the adductor longus and adductor brevis deep to the pectineus muscle.
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FIGure 35-37. Ultrasound-guided saphenous nerve block using a transsartorius perifemoral approach. The probe is placed
in the coronal plane at the location where the femoral nerve has yet to become the popliteal artery, approximately 10 to 12 cm
proximal to and 3 to 4 cm medial to the midpoint of the patella. Using the large femoral artery as a landmark may be beneficial
to more distal approaches where the nerve lies adjacent to the smaller saphenous branch of the descending genicular artery.178
The photograph illustrates an OOP approach to the saphenous nerve block.

9
■

■

■

conirms the identity of the overlying sartorius muscle. The
probe is then used to scan distally until it captures the point
just prior to where the femoral artery becomes the popliteal
artery. Please refer to the accompanying video clip for a demonstration of the saphenous nerve block.
Appearance: Using color Doppler is important to visualize the
femoral artery as a large hypoechoic (beneath the color) structure at a depth of approximately 2 to 3 cm in average-sized
individuals. The sartorius muscle can then be identiied as a
highly delineated, lip-shaped muscle with hyperechoic borders
immediately supericial to the artery. The nerve can be blocked
as it lies sandwiched between the artery and the muscle at this
level, or it can be blocked more distally at the knee.
Needling: A 22-gauge needle is inserted in either an IP or
OOP fashion to penetrate the sartorius muscle to deposit local
anesthetic immediately beneath the muscle and medial to the
artery. Five to ten milliliters of local anesthetic should sufice.
Local anesthetic spread: A small hypoechoic mass on the medial
surface of the femoral artery should appear during injection.

nerve and its terminal branches (tibial and common peroneal
nerves) are the numerous bony and vascular landmarks that can
be used for ease of identiication. Knowledge of anatomy is paramount with these blocks and the block location and approach
will ultimately depend on the surgical requirement. For all
blocks, prepare the needle insertion site and other applicable
skin areas with an antiseptic solution, and obtain sterility of the
US probe with a standard sleeve cover or transparent dressing
(not shown).

Posterior Sciatic Nerve Block: Classical Gluteal Approach
Position the patient semi prone (Sims’ position) with the hip and
knee lexed and the operative side uppermost.
procedure using nerve stimulation

■

Sciatic Nerve Block Using gluteal, Subgluteal,
Posterior Popliteal, and Anterior Approaches
A sciatic nerve block can be used with lumbar plexus block for
anesthesia of the lower extremity. Together with saphenous
nerve block, the block produces adequate anesthesia of the sole
of the foot and the lower leg. The large sciatic nerve is deep
within the gluteal region and may be dificult to locate blindly
or with US. Of beneit during US-guided blockade of the sciatic

■

■

Landmarks (Fig. 35-38): An oblique line is drawn joining the
posterior superior iliac spine to the midpoint of the greater
trochanter (on its medial aspect). Next, a horizontal line is
drawn joining the greater trochanter (at above location) to
the sacral hiatus. A perpendicular line drawn at the midpoint
of the oblique line and reaching the parahorizontal line is the
traditional puncture site (this intersection should be approximately 5 cm caudad along the perpendicular line).
Needling: Raise a local anesthetic skin wheal after aseptic
preparation. A 100-mm, 22-gauge needle (insulated if NS is
desired) is inserted perpendicular to the skin.
Nerve localization: Nerve responses of the lower leg and foot
are sought. If they are not obtained at the full depth of the
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procedure using ultrasound imaging (fig. 35-39)

■

FIGure 35-38. Landmarks for the sciatic nerve block using a posterior gluteal approach when using nerve stimulation procedure. This location will serve as a reference point when applying ultrasound imaging.

■

needle, the needle is withdrawn to the skin and reintroduced
at a location perpendicular to the course of the nerve. Bone
contact typically requires lateral needle adjustment.
Injection: Injection of 20 to 30 mL of local anesthetic (e.g.,
0.75% ropivacaine, 1% mepivacaine, 0.5% bupivacaine) is performed. If several blocks are required (i.e., lumbar plexus and/
or saphenous nerve), a reduced concentration of local anesthetic may be necessary to prevent exceeding the toxic dose.

■

Scanning: A curved, lower frequency 2 to 5 MHz probe is generally used for scanning the gluteal region. Moving the probe
cephalad and caudad in the gluteal region will help examine
the ischial bone (a hyperechoic line with bony shadowing
underneath), and the widest portion of this bone, with the
ischial spine medial, should be located. The bulky gluteus
maximus muscle will be seen supericial and posterior to the
sciatic nerve. Vascular structures, which may be identiied
using color Doppler, are the internal pudendal vessels (artery
and vein) that are adjacent to the ischial spine that is medial to
the sciatic nerve and the inferior gluteal artery, immediately
adjacent to the sciatic nerve. Alternatively, the nerve can be
irst located at the subgluteal region, at about the midpoint
between the greater trochanter and the ischial tuberosity, and
traced proximally.
Appearance: The sciatic nerve in the gluteal region is found lateral to the ischial spine and supericial to the ischial bone. The
nerve appears predominantly hyperechoic (bright) and is often
wide and lat in short axis on US. Overlying the sciatic nerve
is the large gluteus maximus, which is quite distinct with the
usual “starry night” appearance; the inner muscle layers (superior and inferior gemellus muscles, obturator internus muscle,
and quadratus femoris muscle) are often indistinct.
Needling: Both IP and OOP approaches are appropriate for
US-guided sciatic nerve block in the gluteal region. For an
OOP approach, the needle is inserted inferior to the probe in
a cephaloanterior direction. A fairly steep angle of insertion
will be required, but placing the needle slightly inferior to the
probe will reduce the angle somewhat for better visibility of
the needle. With the IP approach, the needle may be moved in
a lateral-to-medial direction to penetrate the gluteus maximus
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Sciatic block posterior approach
Sciatic nerve
Inferior gluteal artery
Direction of the block needle
US Probe

FIGure 35-39. Ultrasound-guided sciatic nerve block using a posterior gluteal approach and an IP needle alignment to a
curved low frequency probe. The lateral-to-medial needle direction may help avoid puncture of the inferior gluteal or internal
pudendal vessels.
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muscle before reaching the sciatic nerve above the ischial bone
(Fig. 35-34).
Local anesthetic spread: Performing a test dose with D5W is
recommended prior to local anesthetic application to visualize the spread and conirm nerve localization. It is generally
recommended to deposit the local anesthetic solution so that it
spreads completely around the sciatic nerve.

■

comments

■

■

For both IP and OOP needling approaches, scanning before
needling will determine the angle, distance and depth of needle
penetration.
The OOP approach is often used for catheter insertion, and
it is important to line up the site of needle insertion with the
target nerve.

procedure using ultrasound imaging (fig. 35-40)

■

Posterior Sciatic Nerve Block: Subgluteal Approach
The patient is positioned semiprone (Sims’ position) with the hip
and knee lexed and the foot resting on the dependent knee. In
some patients, the supine position with the hip lexed and knee
bent is either most comfortable or necessitated due to fracture or
pain at the hip. This latter position requires an assistant to support the bent leg.

■

■

procedure using nerve stimulation technique

■

■

■

Landmarks: A horizontal line is drawn joining the medial
aspect of the greater trochanter to the ischial tuberosity. The
traditional puncture site is located on this line just medial to
its midpoint.
Needling: An insulated needle, 100 to 150 mm, depending on
patient habitus, is used. The needle is inserted perpendicular
to the skin.
Nerve localization: Conirming sciatic nerve localization with
NS is important prior to local anesthetic application. Similar

responses as those for the classic gluteal approach are sought,
with ankle responses preferable. It is important to distinguish
the tibial (inversion or plantar lexion) and common peroneal
(eversion or dorsilexion) components of the nerve and obtain
either both or, most importantly, the tibial response.
Injection: Injection of 20 to 30 mL of local anesthetic is
suficient. If additional blocks of the lower extremity are also
performed, a solution with lower concentration should be considered to prevent exceeding the toxic dose of local anesthetic.

■

Scanning: A curved, lower frequency 2 to 5 MHz probe or
linear 4 to 7 MHz probe is suitable for scanning the subgluteal region. The center of the probe should be aligned with
the midpoint of a line between the ischial tuberosity and the
greater trochanter. If the sciatic nerve is hard to localize at the
subgluteal region, it can be traced proximally from the bifurcation point at or near the apex of the popliteal fossa.
Appearance: On the lateral side of the screen, the medial aspect
of the greater trochanter appears almost pear-shaped and
hypoechoic when using a curved array probe. The sciatic nerve
in the subgluteal region appears predominantly hyperechoic
(bright) and is often elliptical in a short-axis view using US.
Needling: Similar to the classic gluteal approach, both IP
and OOP plane needling can be performed, with the needle
directed from lateral to medial for the IP technique. Using an
angle of insertion of approximately 45 degrees to the skin will
provide the best view of the needle and will reach the nerve,
although 60 to 70 degrees may be required in certain obese
individuals.
Local anesthetic spread: The goal is to deposit local anesthetic
(20 to 30 mL) next to, but not directly within, the sciatic nerve
structure in the subgluteal region. A hypoechoic local anesthetic luid collection is often seen around the hyperechoic
nerve within the sheath compartment during injection.

Sciatic block subgluteal approach
Sciatic nerve
Direction of the block needle
US Probe

FIGure 35-40. Ultrasound-guided sciatic nerve block with a subgluteal approach using OOP needling to a curved probe. The
medially positioned ischial tuberosity is not captured in this image but will serve as a good bony landmark in most circumstances.
OOP approaches will be often used since this block is often used for indwelling catheter placement, especially in children.
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comments

■

Since a low frequency curved array probe is necessary in many
cases, the needle tip as viewed by OOP needling will be even
harder to identify than when using higher resolution linear
probes. Nevertheless, this approach is used often since indwelling catheters are commonly placed in the subgluteal area. It
will be important to use NS in addition to US-guided technique to conirm placement of the needle and local anesthetic.
■

Posterior Popliteal Sciatic Block
The sciatic nerve can be blocked below the hip at the lateral midfemoral or lateral popliteal locations in addition to the posterior
popliteal location,189,190 but when using US guidance, the posterior
approach allows the needle to be placed closely to the probe and
thus may improve needle tracking and visibility. Furthermore,
the posterior popliteal approach is most amenable to inserting
indwelling catheters. The patient is positioned laterally or prone
with the operative leg slightly lexed. Ideally, the ankles should be
positioned beyond the end of the table so that motor responses to
NS can be readily observed in the prone position. The landmarks
become more visible when the knee is lexed against resistance.
Please refer to the accompanying video clip for a demonstration
10 of the sciatic nerve block from a popliteal approach.
procedure using nerve stimulation technique

■

■

■

■

Landmarks: The puncture site is often located at the tip of a
triangle formed by the popliteal crease at the base, the biceps
femoris tendon laterally, and the semimembranosus tendon
medially (this tendon generally lies medial to the tendon of the
semitendinosus at this location). Alternatively, drawing lines
8 cm long in a cephalad direction from the insertion site of
the medial and lateral tendons (above), the puncture point
is at the midpoint of a line attaching the two (almost parallel) lines. It may be best to insert the needle at approximately
10 cm above the popliteal fossa in order to ensure that the sciatic nerve is blocked before its bifurcation.
Needling: Depending on the patient, a 50-mm insulated
22-gauge needle can be inserted using an angle of 45 degrees
cephalad to the skin. A fan-wise search is conducted perpendicular to this line until the nerve is contacted. If the femur is
contacted by the needle, the depth is noted. The nerve should
lie midway between the skin and the femur.
Nerve localization: NS is used to localize the nerve by eliciting motor responses at the ankle or foot. The aim should
be to localize the sciatic nerve before its bifurcation into its
tibial and common peroneal nerve components. If only
ankle inversion and/or plantarlexion (tibial nerve) or eversion and/or dorsilexion (common peroneal) is seen, it would
be appropriate to adjust the needle insertion site a few centimeters cephalad to obtain complete ankle and foot movements. Otherwise, injecting after obtaining a sole tibial nerve
response has been shown to provide similar success to that
after both tibial and common peroneal responses (with two
injections).191 Maintaining a motor response with currents
<0.5 mA will help ensure the nerve–needle distance is appropriate for a successful block.192
Injection: Twenty to thirty milliliters of local anesthetic should
be deposited at the inal needle location.

■

■

Scanning: A linear higher frequency 10 to 15 MHz probe is
commonly used for scanning the sciatic nerve transversely
in the popliteal fossa. A technique which utilizes a distal-to-

proximal scan can effectively locate the sciatic nerve in the
posterior popliteal fossa prior to its bifurcation (Fig. 35-41).
At the popliteal crease, the transverse probe captures the tibial
and common peroneal nerves, with the former being adjacent
and lateral to the popliteal vessels (Doppler is very valuable
here). During a proximal scan, the tibial and common peroneal nerves approach each other and join to form the sciatic
nerve.
Appearance: At the level of the popliteal crease, the tibial
and common peroneal nerves lie supericial and lateral to
the popliteal vessels (the common peroneal nerve is the most
lateral); both nerves appear round-to-oval and hyperechoic
compared to the surrounding musculature. The hyperechoic
border of the femur (condyles) may be apparent. During the
proximal scan, the tibial nerve moves away from the vessels
and approaches the common peroneal nerve. More cephalad
in the posterior thigh, the biceps femoris muscle lies supericial to the joining nerves and appears as a larger, oval-shaped
structure with less internal punctate areas (hypoechoic spots)
than the nerves. The sciatic nerve appears as a large, round or
lat, oval hyperechoic structure. The large amount of fat and
muscle may impair visualization of the nerve itself. Furthermore, the probe often needs to be tilted for optimal imaging since the nerve becomes more supericial as it descends
distally.
Needling: An OOP approach is commonly performed, especially if placing indwelling catheters. The probe is positioned
directly above the sciatic nerve at or slightly cephalad to its
bifurcation point and so that the nerve is in the center of the
image. The needle should be inserted at the caudal surface of
probe (especially if a catheter is to be inserted), with the needle
tip contacting the skin approximately 3 to 4 cm caudal to the
probe surface.
Local anesthetic spread: For local anesthetic injection at the
bifurcation, hypoechoic injectate will be seen to expand within
the common epineural sheath. For injections above or below
the bifurcation, a circumferential spread, producing a “donut”
shape surrounding the hyperechoic nerve structure, is preferable. Several separate injections (medial and lateral) may be
required for complete circumferential spread.

comments

■

■

■

■

procedure using ultrasound guidance (fig. 35-41)

■

987

■

The ideal needle insertion point for sciatic nerve block using
the popliteal approach remains debatable. The tibial and common peroneal branches may be blocked separately193 or injection may occur between these nerves at the bifurcation.194
Several groups have provided evidence that injection distal (caudad), rather than proximal, to the bifurcation point
results in faster block onset and improved sensory block.193–196
Recently, a randomized comparison between a single subepineural injection at the neural bifurcation and separate injections around the tibial and peroneal divisions demonstrated a
higher success rate and shorter performance, onset, and total
anesthesia-related times with the former approach.197
US guidance, either alone or in conjunction with NS, was
shown to improve the success of both single-shot and catheter-delivered local anesthetic as well as patient outcome with
respect to postoperative pain, as compared to NS guidance
alone.198–200
The US probe may be rotated 90 degrees to show the sciatic
nerve in the long axis. This is helpful to differentiate the sciatic
nerve from other nonneural structures.
During needle insertion using an OOP approach, it may be
helpful to use incremental needle angulations. The needle may
be best tracked within the tissue if an initial shallow angle is
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Popliteal
block
Popliteal nerve
Tibial nerve
Common peroneal nerve
Popliteal Artery
Popliteal Vein
Direction of the probe scanning from proximal to distal
Direction of the block needle
US Probe

FIGure 35-41. Ultrasound-guided popliteal nerve block. The probe is initially placed at the popliteal crease (lower image),
and subsequently is used to scan proximally to capture the sciatic nerve just proximal to its bifurcation (i.e., the ideal block site),
approximately 6 to 10 cm above the crease (upper).

used to clearly identify the needle tip as a hyperechoic dot,
which can then be followed with subsequent steeper needle
angulations (see the description of the “walk-down” technique
under Practical Approaches for US guidance).37

Anterior Sciatic Nerve Block
This block is most suitable for patients who cannot be positioned
laterally. The block is indicated for surgery below the knee, with
the only sensory deiciency being the medial strip of skin supplied
by the saphenous nerve. The anterior block is performed on a
short portion of the sciatic nerve close to the lesser trochanter of
the femur. This block may cause more discomfort since the needle
traverses through more muscle layers than the other approaches
of sciatic nerve block. The patient is positioned supine, with the
leg to be blocked externally rotated slightly.

■
■

■
■

procedure using ultrasound imaging (fig. 35-42)

■
procedure using nerve stimulation technique

■

Landmarks: A line is drawn connecting the anterior superior
iliac spine with the pubic tubercle (inguinal ligament). A second line, parallel to the irst, is drawn across the thigh from
the greater trochanter. A line is then drawn downward from
a point at the medial third of the upper line; the nerve is usually located at the intersection of the perpendicular line and

the lower of the two parallel lines. Alternatively, the nerve is
located lateral to the femoral artery pulse at the level of the
inguinal crease.
Needling: A 22-gauge, 100- to 150-mm insulated needle will be
required for this deep block.
The needle is inserted perpendicular to the skin and advanced
until contact with the femur occurs. The needle is then withdrawn slightly, angulated slightly medial and cephalad, and
introduced 5 cm further.
Nerve localization: Motor responses of the ankle joint or foot
are sought.
Injection: Twenty to thirty milliliters of local anesthetic is
injected after careful aspiration and administration of a test
dose.
Scanning: It is most common to utilize a curved, lower frequency 2 to 5 MHz probe to scan the sciatic nerve in the proximal thigh. Place the probe over the proximal thigh approximately 8 cm distal to the femoral crease. A transversely placed
probe is commonly used, although the nerve may be best visualized by placing the probe axis longitudinally along the course
of the nerve, since capturing a longitudinal axis of the nerve
may improve its identiication since it has a distinctive “cable”

tahir99-VRG & vip.persianss.ir

CHAPTER 35 Peripheral Nerve Blockade

989

Sciatic block anterior approach
Sciatic nerve
Femoral vessel
AM

Adductor magnus muscle
Direction of probe turning
Direction of the block needle

FIGure 35-42. Ultrasound-guided sciatic block from an anterior approach. The clinical picture and upper image show
probe positioning and a short-axis view of the nerve that may be used. Using a longitudinally placed probe to capture the
long axis of the nerve (lower image) may be beneficial if the transverse view is difficult to capture due to bony shadowing
from the lesser trochanter.

■

■

■

appearance. Moving in a medial-to-lateral direction may be
helpful to capture an image of the nerve.
Appearance: In transverse axis, the sciatic nerve often appears
oval or round, predominantly hyperechoic, medial and posterior to the lesser trochanter, and deep to the adductor magus
muscle. If using Doppler, the femoral neurovascular structures
are seen supericial below the hyperechoic fascial tissue and lateral to the sciatic nerve in this projection when the leg is externally rotated. A longitudinal view captures a broad, linear, and
hyperechoic cable of ibers and may allow easier identiication
of the nerve.201
Needling: When using a probe positioned in transverse axis to
the nerve, an IP approach involves advancing the needle in a
medial-to-lateral and anterior to posterior direction, while an
OOP approach involves inserting the needle along the midline of the probe at a location 2 to 3 cm inferior and perpendicular to the probe. If the probe is placed longitudinally, the
needle direction for OOP alignment will be similar to that for
the IP approach described above. Using an IP approach with
the probe placed longitudinally, the needle will be placed in
a cephalad-to-caudad direction, allowing it to be aimed easily toward a relatively larger target (i.e., the cable-like sciatic
nerve). It is highly recommended to use combined US and NS
guidance for this procedure.
Local anesthetic spread: After careful aspiration and injection
of a small amount of D5W to visualize the anesthetic spread,

inject the local anesthetic while ensuring that it spreads circumferentially around the nerve.
comments

■

■

■

Although depositing the local anesthetic around the nerve is
desirable, it is technically challenging to reposition the needle
on both sides of the nerve because of the nerve’s depth within
the muscle layers.
Similar to other sciatic nerve blocks, if this block is being combined with others, the local anesthetic may need to be diluted
to reduce the risk of toxicity.
Complications are rare, but can include intravascular injection
(e.g., femoral artery), infection in the injection area, hematoma formation, nerve injury, and potential CNS toxicity.

Other Approaches to Sciatic Block
■

A supine approach developed by Raj et al.,202 in which the
patient’s leg is maximally lexed, stretches the nerve within
the space between the greater trochanter and the ischial tuberosity; needle insertion occurs at the midpoint between these
two structures. In this approach, landmarks are easy to ind
and the position offers an alternative to patients who cannot
accommodate prone or lateral positioning. This approach has
recently been shown to be amenable to catheter-delivered continuous anesthesia of the sciatic nerve.203
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Recently, several novel approaches to sciatic nerve blockade
have been described that may be useful when the patient cannot be positioned for traditional approaches:
204
■ Le Corroller et al.
have described a lateral approach, in
which the patient is positioned supine and the injection
occurs on the midpoint of a vertical line drawn cephalad
from the greater trochanter to the anterior superior iliac
spine.
205
■ Osaka et al.
have described a medial approach at the
midthigh, where the patient is positioned supine, the hip
and knee lexed and externally rotated. The sciatic nerve is
beneath the adductor magnus muscle, 1.5 to 2 cm posterior
to the femur at the upper midthigh.

■

procedure using ultrasound imaging (fig. 35-43)

■

Ankle Block

11

All ive nerves of the foot can be blocked at the level of the ankle.
The supericial nerves—sural, supericial peroneal, and saphenous nerves—can be blocked by simple iniltration techniques.
US guidance can be useful for blocking the posterior tibial and
deep peroneal (ibular) nerves, as their locations can be easily
identiied next to reliable landmarks (i.e., bones and vessels) that
are clearly visible.

Posterior Tibial Nerve
procedure using landmark technique

■

■

Landmarks: The posterior tibial nerve is the major nerve to the
sole of the foot. It can be approached with the patient either
in the prone position or lying supine with the hip and knee
lexed so that the foot rests on the bed. The medial malleolus is
identiied, along with the pulsation of the posterior tibial artery
behind it. The nerve is located posterior to the artery.
Needling: A needle is introduced through the skin just behind
the posterior tibial artery and directed 45 degrees anteriorly,
seeking a paresthesia in the sole of the foot. Although not

typical, if NS is used, twitches of the irst (medial plantar
branch) and ifth (lateral plantar branch) toes will be sought.
Injection: Five milliliters of a local anesthetic produces anesthesia if a paresthesia is identiied. If not, a fan-shaped injection of 10 mL can be performed in the triangle formed by the
artery, the Achilles tendon, and the tibia itself.

■

■

Scanning: A linear (“hockey stick”) 10 MHz probe with a small
footprint is positioned in transverse (short) axis to the nerve
just posterior and inferior to the medial malleolus. Alternatively, the nerve can be identiied 3 to 5 cm above the malleolus. The use of color Doppler may be helpful, since the nerve
lies posterior and deep to the posterior tibial artery at both of
the above locations. The nerve should be localized before it
branches into the medial and lateral plantar nerves.
Appearance: Immediately anterior to the artery lies the
hypoechoic circular posterior tibial vein, although it may be compressed and not apparent on the screen. Posterior to the artery,
the nerve appears slightly more hyperechoic than the surrounding tissues and looks like a condensed “honeycomb-appearing”
structure.
Needling: A 35- to 50-mm needle is inserted using either an
OOP approach with the needle caudal or an IP approach with
the needle anterior to the transversely positioned probe.

Sural Nerve
The patient is placed either in the prone position or supine with
the hip and knee lexed so that the foot rests on the bed. The posteriorly located sural nerve can be blocked by injection on the
lateral side. The subcutaneous injection of 5 mL of local anesthetic
behind the lateral malleolus, illing the groove between it and the
calcaneus, produces anesthesia of the sural nerve. The effectiveness of a sural nerve block was found to be improved using a
perivascular approach (i.e., identifying the lesser saphenous vein

Posterior tibial
block
Posterior tibial nerve
Posterior tibial artery
Direction of the block needle
US Probe

FIGure 35-43. Ultrasound-guided posterior tibial nerve block at the ankle using an IP approach. The nerve is captured adjacent
to the posterior tibial artery, prior to its division into the medial and lateral plantar nerves.
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1 cm proximal to the lateral malleolus), rather than a traditional,
surface landmark-based approach, under US guidance.206
■

Deep Peroneal Nerve
procedure using landmark technique

■

Landmarks: This is the major nerve to the dorsum of the foot
and lies in the deep plane of the anterior tibial artery. The
patient is positioned supine, generally with the leg extended.
Pulsation of the artery is sought at the level of the skin crease
on the anterior midline surface of the ankle. If the artery is not
palpable, the tendon of the extensor hallucis longus can be
identiied (the nerve lies immediately lateral to this) by asking
the patient to extend the big toe.
Needling and Injection: If the artery pulse can be felt, 5 mL
of local anesthetic is injected just lateral to this. If the artery is
not palpable, the tendon of the extensor hallucis longus can be
identiied by asking the patient to extend the big toe. If using
NS, toe extension is sought for this nerve. Injection can be
made into the deep planes below the fascia using either one of
these landmarks.

procedure using ultrasound imaging (fig. 35-44)

■

■

■

Scanning: A small footprint linear (“hockey stick”) 10 MHz
probe is placed in transverse (short) axis to the nerve at the
anterior surface of the ankle joint. Alternatively, the nerve can
also be found 3 to 5 cm above the ankle joint. However, the
nerve itself can be dificult to see, and only the artery can be
consistently located. Color Doppler can be used at both locations to identify the anterior tibial artery lying medial to the
nerve.
Appearance: If seen, the nerve appears as a small cluster of
hyperechoic fascicular appearing ibers immediately lateral to
the artery, with both the nerve and the artery adjacent to the
well-demarcated distal end of the tibia.
Needling: An OOP approach will be most suitable here since
the tendons lie on either side of the nerve. A 3.5- to 5-cm needle

is inserted OOP and caudal to the transversely positioned small
footprint probe.
Local anesthetic spread: Injection of 4 to 5 mL of local anesthetic lateral to the nerve will help avoid the anterior tibial
artery, which lies medial to the nerve. Aspiration is important
to perform prior to injection.

Saphenous Nerve
The patient is placed supine with the leg extended. The saphenous nerve is anesthetized by iniltrating 5 mL of local anesthetic
around the saphenous vein at the level where it passes anterior
to the medial malleolus. A wall of anesthesia between the skin
and the bone itself sufices to block the nerve. Alternatively, this
nerve can be blocked at a more proximal site in the thigh. See the
section on Separate Blocks of the Terminal Nerves of the Lumbar
Plexus for blockade of this nerve more proximally in the thigh.

Superficial Peroneal Branches
A subcutaneous ridge of anesthetic solution is laid along the skin
crease between the anterior tibial artery and the lateral malleolus.
This subcutaneous ridge overlies the previous subfascial injection
for the deep peroneal nerve. Another 5 to 10 mL of local anesthetic may be required to cover this area. The supericial peroneal
nerve may be visualized using US, which may aid in more accurate injection of local anesthetic.207

Comments
■
■

Anesthesia of the foot usually ensues within 15 minutes of
these ive injections.
Complications of this block are rare, although neuropathy can
be produced. Care should be taken not to pin any of the deep
nerves against the bone at the time of injection, and intraneural injection should be avoided. Epinephrine should not be
added to local anesthetics used for this block in order to avoid
compromising the distal circulation.

Deep peroneal
block
Deep peroneal nerve
Dorsalis pedis artery
Direction of the block needle
US Probe

FIGure 35-44. Ultrasound-guided deep peroneal nerve block at the anterior ankle. If possible, it is helpful to localize the medially located anterior tibial artery with Doppler in order to differentiate between the nerve and surrounding tendons.
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US imaging for the deep nerves may help avoid bone contact
and avoid the multiple injections with the iniltration technique.

Continuous Catheter Technique
Continuous catheter regional anesthesia has been well documented
to provide effective pain relief with reduced incidence of side
effects and an improved quality of life.208,209 Traditionally, catheters are introduced blindly once neural structures have been identiied using a peripheral nerve stimulator and often after the initial
local anesthetic dose has been injected via the needle. Although
continuous delivery of local anesthetic has been used successfully
at a number of block sites following blind catheter insertion,210 the
method is associated with at least 10% to 40% secondary block
failure due to the catheters being in a suboptimal location.211,212
This high failure rate resulted in the development of stimulating
catheters to aid in their positioning close to the nerve,213 which
improved success rates. However, insertion and precise positioning of stimulating catheters requires technical expertise and can be
a time-consuming process, and needle insertion with stimulating
catheters remains a blind procedure since neurostimulation and
anatomical landmarks are still required to locate the nerve.
In recent years, ultrasonography has been used extensively to
initiate regional blocks,214,215 and several large-scale studies have
shown its eficacy in guiding the placement of perineural catheters.216,217 However, catheter insertion for continuous regional
anesthesia, whether guided by NS or US, suffers from several
fundamental problems owing to the design of current needlecatheter assemblies, including dislodgement or movement of
the catheter, leakage at the insertion site, and imprecise catheter
placement.210 With advancements in technology and design (e.g.,
catheter-over-needle),218,219 these technical dificulties may be
resolved with further research.
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CHAPTER 35 Peripheral Nerve Blockade

