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ABSTRACT

Peripheral regional anesthesia in children has had a recent surge in popularity among pediatric anesthesia providers.

The increased prevalence is at least in part explained by the proliferation of ultrasonography in the perioperative arena.

Ultrasound-guided peripheral nerve block techniques have given pediatric anesthesiologists confidence to approach the

diminutive structures that are in close approximation to sensitive areas. The three major categories of pediatric peripheral

nerve blocks are upper extremity, truncal, and lower extremity. The indications, ultrasound anatomy, ultrasound-guided

technique, and potential complications of the nerve blocks in each category are reviewed.
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INTRODUCTION

Regional anesthesia is an indispensable component of
the practice of pediatric anesthesia. While neuraxial
techniques have a robust history in pediatric anesthesia,
peripheral regional anesthesia has more recently gained
popularity. In the last decade, the utilization of peripheral
nerve blockade in children has increased tremendously.'
This expansion was in part due to the recognition of
the need for better modalities of pain management in
children as well as the demonstration of the safety of
peripheral regional anesthesia in children.” The escalation
in peripheral nerve blockade was also greatly influenced by
the increased availability and advancements of ultrasound
technology. The variable neural anatomy and proximity of
vascular structures in children make landmark based and
nerve stimulator-guided approaches to petipheral nerve
blockade more challenging than in adults. Adding to the
difficulty in children is the concern for local anesthetic
toxicity secondary to a narrow therapeutic window and the
potential for iatrogenic injury related to the child’s inability
to cooperate with the procedure. In contrast to adults,
regional anesthesia in children is most often accomplished
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under general anesthesia, bypassing the potential safety of
patient feedback.” However, this concetn is outweighed
by the need to maintain a motionless patient in order
to avoid needle displacement and injury. The safety of
this method has been demonstrated.* When a nerve
stimulation technique is planned before incision, non-
depolarizing neuromuscular blocking agents must be
avoided on induction. Another advantage of ultrasound is
that neuromuscular blockade does not hinder performance
of the blockade. Additionally, it has been demonstrated
that lower doses of local anesthetic agents can be used
under ultrasound guidance thereby decreasing the risks
of local anesthetic toxicity.” Ultrasound also allows for
real-time recognition of local anesthetic misdistribution
as well as inadvertent systemic injection thereby allowing
repositioning of the needle.

With the proliferation of ultrasound guidance, peripheral
nerve blockade in children has become mote efficacious,
faster, and safer. A testament to its rise is the multi-
institutional data of pediatric regional anesthesia that
is now being collected in the United States through the
Pediatric Regional Anesthesia Network (PRAN). Initiated
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in 2007, this reporting system is providing data on risk,
complications and practice methods on a national level.!
Peripheral regional anesthesia can be divided into three
general anatomical categories: upper extremity, lower
extremity, and truncal blockade. Each category consists
of several nerve blocks at various locations within the
respective anatomical region. This review will delineate the
anatomy, indications, ultrasound-guided technique, safety
tips, and pitfalls attributable to each of the major nerve
blocks in these three categories.

UPPER EXTREMITY BLOCKADE

The brachial plexus is comprised of the C5—"T1 nerve roots
that supply the majority of the sensory and motor function
to the arm below the acromion. As the nerve roots exit the
vertebral foramina, they are covered in prevertebral fascia.
This fascia transitions into the brachial sheath as the plexus
courses distal to the interscalene muscles. The brachial
sheath contains fascial septations which may prevent
distribution of local anesthetic to all nerves within the
sheath using a single injection technique.*” Furthermore,
direct nerve stimulation of the brachial plexus through
an intact fascial plane has been reported, with resulting
local anesthetic maldistribution.® These findings highlight
the value of visualizing anatomical structures and local
anesthetic distribution through the use of ultrasound.

The brachial plexus may be blocked at several sites. As it
passes through the interscalene groove, the nerve roots
combine and divide at the supraclavicular site to form
the nerve trunks and divisions, becoming the cords at the
infraclavicular region. At the axilla, the brachial plexus has
branched into its terminal nerves. The appropriateness of
each block is determined by the location of the surgery,
ability to propetly position the patient, and assessment of
pre-existing patient morbidities. While the axillary site has
previously been a preferred location of brachial plexus
block in children, the growth of ultrasound availability
has allowed practitioners to confidently approach the
more proximal brachial plexus even in infants and young
children.” Regatdless of the site of blockade, brachial
plexus blockade will not provide anesthesia for the medial
aspect of the proximal arm which is innervated separately
by the intercostal brachial nerve. The clinical significance
of this nerve is apparent when a tourniquet is applied to
the proximal arm. A transverse subcutaneous field block
just below the axilla will achieve anesthesia in this region.

Interscalene Brachial Plexus Block

InpicaTIONS: The interscalene brachial plexus block may
be used to provide anesthesia and analgesia to the shoulder
girdle and arm above the elbow. The nerve roots of C5, C6,
and C7 are anesthetized, with cephalad and subcutaneous
spread of local anesthetic commonly covering the branches

60

of the superficial cervical plexus (C3 — C4). Blockade of
the cervical plexus will provide additional analgesia of the
shoulder and supraclavicular area making this approach to
the brachial plexus useful for shoulder and even clavicular
surgery. Frequently, the C8 nerve root is spared secondary
to inadequate caudad spread of the local anesthetic.'” This
results in intact sensation in the ulnar nerve distribution
(ulnar side of forearm and the little finger), generally
making the interscalene site of brachial plexus blockade
inappropriate for surgery below the elbow.

SonoaNaTOMY: The brachial plexus at the level of the
cricoid cartilage lies between the anterior and middle scalene
muscles, posterior-laterally to the sternocleidomastoid
muscle (SCM). The plexus is represented in the transverse-
oblique sonographic view as three or more hypoechoic
circles lying adjacent to each other in linear fashion,
resembling a “stop light” configuration (Figure 1). These
structures typically comprise the C5, C6, and C7 nerve
roots. On cither side of the plexus are the two hypoechoic
interscalene muscles. In some cases, the hypoechoic SCM
may overly a portion of the interscalene muscles. In
smaller patients, the internal jugular vein and carotid artery
may be seen in the same sonograph window as the plexus,
displayed anterio-medially as two anechoic circles.

Figure 1: Interscalene brachial plexus block.
Al = anterior interscalene muscle; MI = middle interscalene muscle;
N = nerve roots; SCM = sternocleidomastoid muscle.

TECHNIQUE: The patientis positioned in the supine position
with the head turned contralateral to the side of the block.
In some instances it may be helpful to elevate the occiput
to gain greater distance between the needle insertion site
and the bed. A high-frequency (8 — 13 MHz) linear probe
is placed in the transverse-oblique orientation over the
posterior border of the SCM at the C6 level. A probe with
a smaller foot-print (25 mm) may provide better dexterity
in smaller patients. If the plexus is not easily identified at
this site, the probe may be placed in the supraclavicular
fossa and the trunks of the supraclavicular brachial plexus
identified. With the probe parallel in orientation to the
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clavicle, the trunks can then be traced cephalad until the
C6 level is reached. Once the interscalene brachial plexus
has been identified, a 22 — 24 gauge, 1 — 2 inch needle may
be inserted in plane, posterior to the probe, in the anterior-
medial direction. With the needle tip juxtaposed to the
nerve roots, aspiration is performed followed by injection
of thelocal anesthetic solution until the injectate surrounds
the nerve roots. The needle tip may be redirected in relation
to the nerve roots to increase circumferential spread. For
adults and larger pediatric patients, no more than 10-20 ml
of local anesthetic is generally required. Depending on the
density of the block desired, bupivicaine concentrations
vary from 0.25% to 0.5%. For smaller pediatric patients,
the total dose of bupivacaine or ropivacaine should be less
than 3 mg/kg. Epinephtine in a concentration of 1:200,000
is added as an additional aid in identifying inadvertent
systemic injection. A similar dosing scheme is used for the
majority of the blocks discussed in this review.

SAFETY AND ADVERSE EFFECTS: In the anesthetized child,
direct visualization and palpation of the anatomical
landmarks for an interscalene approach may prove
difficult. The sensitivity of structures in close proximity
to the interscalene brachial plexus make precise needle
placement imperative mandating the use of ultrasound in
younger patients. The vertebral and carotid arteries carry
blood directly to the brain, making even small intravascular
injections of the local anesthetic solution capable of
inducing seizures and adverse effects on the central
nervous system. Epidural or intrathecal injections have
been reported leading to unconsciousness and respiratory
arrest.'"'? Injection directly into the nerve roots may also
lead to complete spinal anesthesia."? Ultrasonography aids
localization of the plexus and may help avoid these pitfalls
of the interscalene block." In fact, the introduction of
ultrasound into clinical practice has markedly increased
the use of this approach in our clinical practice. The
ipsilateral phrenic nerve and recurrent laryngeal nerve
are anesthetized by placement of an interscalene block.
In children with contralateral hemidiaphramic paralysis
or severe respiratory compromise, this block should be
avoided. Infants may develop airway compromise related
to unilateral vocal cord paralysis secondary to block of the
recurrent laryngeal nerve." The development of ipsilateral
Horner’s syndrome is typical of this block and is not be
interpreted as a complication.'®

Supraclavicular Brachial Plexus Block

InpicaTIONS: The supraclavicular brachial plexus block
will anesthetize the trunks and divisions of the brachial
plexus. A block at this site is appropriate for surgery below
the shoulder. Because of its more distal location along
the brachial plexus, the supraclavicular block spare the
supraclavicular nerve (a branch of the cervical plexus) as
opposed to the interscalene block. The supraclavicular
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nerve supplies the skin overlying the acromion and
anesthetizing this area is necessary for shoulder surgery.

SonoaNaTomy: With the ultrasound probe in the coronal
oblique orientation within the supraclavicular fossa,
the trunks of the brachial plexus may be visualized
as hyperechoic-rimmed ovoid structures containing
heterogeneously sized hypoechoic circles (Figure 2). In
some instances, the superior, middle, and inferior trunk can
be distinguished from each other. The plexus lies lateral
to the subclavian artery, seen as a large anechoic pulsating
circle, and cephalad and lateral to the first rib, seen as a
hyperechoic arcing line with sonographic signal drop-out
underneath. The movement of the parietal pleural may
be observed as a “shimmering” effect seen slightly deeper

than the 1% rib. The subclavian vein is not frequently seen.

Figure 2: Supraclavicular brachial plexus block.
A = artery; BP = brachial plexus; P = pleura.

TECHNIQUE: The patient may remain in the supine position
with the arm adducted to the body and the head turned
slightly to the contralateral side. Raising the back of the
bed may help the shoulder fall away from the head and
provide greater room for maneuvering the needle in the
supraclavicular fossa. The supraclavicular brachial plexus
is visualized by placing a high-frequency (8 — 13 MHz)
linear probe in the supraclavicular fossa parallel to the
clavicle in an orientation that ranges from coronal oblique
to transverse oblique. With the trunks and divisions of
the brachial plexus and the subclavian artery in view, the
needle is passed beneath the probe in plane from lateral
to medial toward, but not beyond the first rib. With the
needle tip below the plexus, after aspiraton, local anesthetic
may be injected to lift the plexus away from the first rib
and pleura. Additional increments of local anesthetic may
be directed around the perimeter of the trunks to create
circumferential spread.

SAFETY AND ADVERSE EFFECTS: The proximity of the
supraclavicular brachial plexus to the cervical pleura and
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vascular structures leads to the risk of pneumothorax and
intravascular injection. The ability of ultrasonography
to continuously visualize the entire needle may decrease
the risk of pleural and vascular puncture. The phrenic
and recurrent laryngeal nerves are frequently blocked
as a consequence of local anesthetic spread. In patients
with severe respiratory compromise and infants who are
dependent on diaphragmatic function, the absence of
function of these nerves may lead to respiratory distress
and therefore, the supraclavicular block is best avoided in
these populations.’

Infraclavicular brachial plexus block

InpicaTIONS: The infraclavicular brachial plexus block is
appropriate for providing surgical anesthesia for procedures
below the shoulder, similar to the supraclavicular brachial
plexus block. This approach can be used as an alternative
to the supraclavicular block when interposing arteries
(transverse cervical, dorsal scapular) prevent access to the
supraclavicular brachial plexus without risking vascular
puncture.”” Both the infra and supraclavicular approach
to the brachial plexus block have the advantage over the
axillary block of retaining the arm in neutral position. This
may be importantin patients where injury or immobilization
prevent abduction of the arm.

SonoanaTomy: The axillary artery, inferior to the lateral
clavicle, is surrounded by the three cords of the brachial
plexus. In the sagittal ultrasonographic view, the subclavian
artery is seen in cross-section and the medial, lateral, and
posterior cords may be visualized separately as hyperechoic
ovoid structures. As their names suggest, the cords will lie
medial, lateral, and posterior to the axillary artery in relation
to the abducted arm. On ultrasonography, the cords will
appear at approximately the 3, 6, and 9 o’clock positions

Figure 3: Infraclavicular brachial plexus block.

A = axillary artery; LC = lateral cord; MC = medial cord; PC =
posterior cord; PMa = pectoralis major muscle; PMi = pectoralis
minor muscle.
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relative to the axillary artery (Figure 3). The cords lie in
close proximity to the artery and the posterior cord may be
obscured by the acoustic shadow of the artery. The axillary
vein is often seen medial to the artery with the medial cord
lying between these two vessels. The pectoralis major and
minor muscles lie above the plexus and vessels. These two
muscles are seen discretely as two horizontal hypoechoic
strips with internal striations. The pectoralis major lies
superficial to the pectoralis minor. Depending on the set
depth of the ultrasound transducer, the pleura may be
identified at the deep and medial aspect of the image as a
hyperechoic line with hypoechogenicity beyond.

TECHNIQUE: With the patient in the supine position, the
arm may remain adducted and rest at the patient’s side or
be flexed at the elbow with hand resting on the abdomen.
In most children, a high-frequency (8 — 13 MHz) linear
ultrasound probe is sufficient to visualize all the required
structures. The probe is placed in a sagittal orientation
just below the clavicle and slightly medial to the coracoid
process. The pulsatile anechoic circular cross-section of
the subclavian artery is centered in the view. The needle is
inserted and may be advanced in plane with the probe in a
cephalad to caudad direction toward the cords surrounding
the subclavian artery. The plexus may also be approached
from the caudad to cephalad direction;, however there
may be increased risk of entering the pleura with this
technique.” The needle is redirected to ensute that local
anesthetic is placed adjacent to each cord. It is essential to
keep the needle tip in view throughout the block to avoid
pleural puncture or intravascular injection of the vessels
which lie in close proximity to the nerves. In the event, that
one or more of the cords cannot be sufficiently identified,
a “horseshoe” shaped depot of local anesthetic may be
deposited along the medial, posterior, and lateral aspects
of the subclavian artery.

SAFETY AND ADVERSE EFFECTS: Similar to the supraclavicular
brachial plexus block, the infraclavicular technique has
risks of infection, hematoma, nerve injury, pneumothorax,
and intravascular injection. The latter may potentially lead
to seizure and cardiovascular collapse. The proximity of
the medial cord to both the axillary artery and vein make
approaching this cord particularly challenging.

Axillary Brachial Plexus Block

InpIcATION: The axillary brachial plexus block can be used
to provide reliable anesthesia and analgesia to the arm distal
to the shoulder. The axillary nerve is not directly blocked,
but may become anesthetized by proximal spread along the
radial nerve. For proximal tourniquet pain, an intercostal
brachial block is indicated. This can be easily provided by
a transverse subcutaneous field block just below the axilla.
One of the major disadvantages of the axillary block is the
need for abduction of the arm which is not possible in all
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patients.

SonoaNaTOoMY: Axillary brachial plexus block using
ultrasound guidance is usually conducted immediately
distal to the axillary fossa where the ultrasound probe
may lie on more level tissue. At this site, the axillary artery
is superficial and identified as a pulsatile anechoic circle
deep to subcutaneous tissue. Lateral to the artery are the
hypoechoic bellies of the biceps and coracobrachialis
muscles. Posterior and medial to the artery is the triceps
muscle. The terminal branches of the brachial plexus, which
include the ulnar, radial, medial, and musculocutaneous
nerves are represented by small hyperechoic clusters
(Figure 4). The terminal braches of the ulnar, radial and
medial nerves surround the axillary artery but vary widely
in anatomical position. The classic positions in relation
to the axillary artery include anteromedial for the medial
nerve, anterolateral for the ulnar nerve, and posterior-
lateral position for the radial nerve. The musculocutaneous
nerve is not immediately adjacent to the axillary artery, but
is located laterally between the biceps and coracobrachialis
muscle. Proximal-distal movement of the probe above
the junctional plane between these two muscles will often
give the musculocutaneous nerve a traveling “race car”
appearance.

Figure 4: Axillary brachial plexus block.
A = axillary artery; M = median nerve; Mu = musculocutaneous
nerve; U = ulnar nerve.

TEcHNIQUE: With the patient supine, the arm is abducted
to 90 degrees and flexed at the elbow. A high-frequency (8
— 13 MHz) linear ultrasound probe is positioned transverse
to the arm just distal in the axillary fossa. The axillary artery
is identified and the surrounding tissue scanned for the four
terminal nerves. The musculocutaneous nerve is lateral to
the artery and is sometimes unable to be visualized within
the same ultrasonographic window as the other branches.
The needle can be inserted in-plane from either end of
the probe, depending on which direction provides better
access to the nerves. A second needle insertion is generally
required to reach the musculocutaneous nerve. The needle
tip is directed to each nerve in a separate pass of the needle.
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After negative aspiration, circumferential local anesthetic
injection is placed around each terminal branch.

SAFETY AND ADVERSE EFFECTS: The risks of axillary
brachial plexus block include hematoma, infection, nerve
injury, and intravascular local anesthetic injection. The
axillary nerve block when performed propetly is devoid of
significant risk of pneumothorax.

TRUNCAL NERVE BLOCKADE

Truncal nerve blockade provides effective analgesia for
a variety of abdominal wall incisions including those
associated with herniorraphy and laparoscopy. They are
an alternative to caudal epidural anesthesia in children
who have neuroaxial abnormalities or stigmata of such
pathology (sacral dimple). Truncal nerve blocks are also
another option for older children in whom the caudal
space may be difficult to access. Tranversus abdominis
plain catheters have been reported to be effective adjuncts
for postopetative pain management after laparotomy.”

The popularity of truncal nerve blocks in pediatrics
has been rising as data have shown fewer complications
with peripheral nerve blockade versus caudal epidural
anesthesia.”’ Although less dramatic in pediatrics than
adults, the absence of sympathectomy with truncal nerve
blocks versus epidural anesthesia may be desirable in select
children.

Transversus Abdominis Plane (TAP) Block

InpicaTiONS: The TAP block has been used to provide
analgesia to the anterior abdominal wall following many
different procedures
appendectomy, cholecystectomy, Cesarean section, and

abdominal  surgical including
most laparoscopic incisions.”* Unlike central neuraxial
techniques, the TAP block does not provide full surgical
anesthesia for intra-abdominal manipulation. However, it
will decrease both intraoperative and postoperative opioid
requirements and may even provide analgesia that is

effective enough to eliminate the need for opioids.

Prior publications in regards to infants and children
suggests that the TAP block provides effective analgesia

umbilical and lower abdominal

2425

following  various
procedures including laparoscopy. In comparison
to the more commonly used caudal epidural analgesia,
the TAP block offers the advantage of being feasible in
patients with vertebral anomalies or other anatomical
contraindications, and in older pediatric patients, weighing
more than 20-25 kg. Current experience from the pediatric
literature suggests the use of 0.2-0.3 ml/kg pet side of
either 0.25% bupivacaine or 0.2% ropivacaine. Where
available, ultrasound guidance should be used to improve
accuracy and limit the potential for inadvertent damage to
intraperitoneal structures. As with any regional anesthetic
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technique in infants and children, local anesthetic toxicity
is a potentially serious adverse event and attention to
volume and concentration is imperative with total dose of
bupivacaine ot ropivacaine not to exceed 3 mg/kg,

SoNoANATOMY: Sensory innervation of the anterolateral
abdominal wall is provided by the anterior divisions
of spinal nerves T-L,. These nerves traverse in a plane
between the transversus abdominis and internal oblique
muscles (Figure 5). The deposition of local anesthetic
in this plane, as first described by McDonnell et al.
will lead to interrupted innervation thereby providing
regional anesthesia of the abdominal skin, muscles and
patietal petitoneum.” Ultrasound guidance, with a linear,
high-frequency probe is now preferred for TAP block
placement.

Figure 5: Transversus abdominis plane block.

EOM = external oblique muscle; IOM = internal oblique muscle;
TAM- transversus abdominis muscle; TAP- transversus abdominis
plane.

TECHNIQUE: The ultrasound probe is placed in the axial
plane in the triangle of Petit just above the iliac crest. A
needle is inserted in line with the probe so that the needle
can be visualized in the correct fascial plane prior to
injection of the local anesthetic solution. Alternatively, the
probe can be placed more anteriorly, immediately lateral to
the umbilicus so that the rectus sheath can be visualized.?”*
This approach is advocated in the pediatric population to
allow for a more thorough spread of the local anesthetic
solution thereby providing more effective analgesia of the
anterior abdominal wall. The ultrasound probe is moved
laterally to delineate the three layers of the abdominal
wall: external oblique (EO), the internal oblique (I10), and
transverse abdominis (T'A). The probe is stationed lateral
on the anterior abdominal wall at a 70-90° angle with the
patient’s bed. A needle is inserted utilizing an ‘in-plane’
technique from the medial aspect of the probe until the
tip lies between the internal oblique and the transversus
abdominus muscles. Injection, with incremental aspiration,
will create an elliptical opening of the potential space in
which the nerves traverse.

SAFETY AND ADVERSE EFFECTS: Although uncommon
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especially when using ultrasound guidance, the intra-
abdominal structures are in close proximity to the site
of needle placement. As such, there is the potential for
intravascular injection, peritoneal puncture or injury to the
bowel or liver. %

Hioinguinal and Iliohypogastric Nerve Block

InpIcaTioNs: Of the peripheral nerve blocks, ilioinguinal /
iliohypogastric (IL/IH) netrve blockade remains one of the
most commonly placed blocksin infants and children. The
ilioinguinal and iliohypogastric (IL/IH) netve blockade
is used commonly to provide perioperative pain relief
for children undetgoing inguinal procedures. IL/IH
nerve blockade is frequently applicable even in patients
in whom neuroaxial analgesia including caudal block may
be contraindicated. It has historically proven to be safe
and effective with landmark-based administration in the
pediatric population.”?? Although placement of the IL/
IH nerve block was initially accomplished using anatomical
surface landmarks, the introduction of the ultrasonography

has been shown to improve the accuracy and consistency
of the IL/IH nerve block.*>*

SonoaNaToMY: The ilioinguinal and iliohypogastric nerves
originate from T, and L, of the thoracolumbar plexus.
The nerves traverse the internal oblique aponeurosis 1-3
centimeters medial to the anterior superior iliac spine
(ASIS) (Figure 6). Weintraud et al. evaluated 62 children
scheduled for inguinal surgery receiving IL/IH nerve block
based on standard anatomic landmarks with the “single-
pop” technique. Following placement of the block using
anatomic surface landmarks, the ultrasound probe was
placed to evaluate the actual location of local anesthetic
deposition. The local anesthetic was administered correctly
around the nerves in only in 14% of the blocks.*

Figure 6: Ilioinguinal and iliohypogstric nerve block.
10 = internal oblique muscle; TA = transversus abdominis muscle;
IL-IH = ilioinguinal-iliohypogastric nerves.

TECHNIQUE: Utilizing the ultrasound-guided technique, a
linear ultrasound probe is placed at the ASIS in line with
the umbilicus. In approximately half of the cases, only
two of the muscle layers can be visualized, the internal
oblique and the transversus abdominis. An ovoid structure
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may be visualized encompassing the neurovascular bundle
between these two muscles. The ilioinguinal nerve can
often be found close to the iliac crest (4-8 mm) while
the iliohypogastric nerve lies more medial, approximately
5-15 mm from the ASIS. The distance from the ASIS or
surface to either the IL or IH nerves (depth required for
needle insertion) has been shown to vary based on the
age of the patient.™ The needle is inserted in plane with
the ultrasound probe from lateral to medial approach
with incremental aspiration. It is important to deposit the
local anesthetic solution between the internal oblique and
transversus abdominis with evidence of layer separation.
Many times the IL/IH netves cannot be directly visualized
by ultrasound, but local anesthetic injected between these
two muscles will follow the fascial planes and envelope
the neurovascular bundles. The volume of local anesthetic
solution utilized to anesthetize both nerves ranges from
0.1 to 0.4 ml/kg. Mote recently, the amount requited has
been shown to be as little as 0.075 ml/kg when ultrasound

is used to ensute accurate placement.™

SAFETY AND ADVERSE EFFECTS: Bowel puncture and
intravascular injection are the most common complications.
There have been isolated case reports of pelvic hematoma
formation, colonic petforation, and femoral nerve palsy.”
Complications seem to be increased when using the blind
technique as compared with the ultrasound technique.

Rectus Sheath (RS) Block

InpicaTiONs: The RS block has been used to provide
analgesia following procedures including single incision
laparoscopic surgery and umbilical herniorrhaphy. The
available literature demonstrates the efficacy of the
RS block for the provision of analgesia for umbilical
hernia repair and other types of peri-umbilical incisions.
Anecdotally, RS block has also been used to treat chronic

pain of the abdominal wall.?®

SonoaNaTOMY: The umbilical region is innervated by the
rightand left 10™ intercostal nerves, which are continuations
of the antetior rami of the 10™ spinal thoracic netve root.
At the lateral edge of the rectus abdominis muscles, the
nerves traverse the rectus sheath, innervate the rectus
abdominis muscle, cross the muscle and end as antetior
cutaneous branches innervating the periumbilical skin.
Two possible anatomic courses of these nerves have been
described with the nerves coursing either behind or on
top of the rectus abdominis muscle prior to ending in the
midline at the umbilical area. The rectus abdominis muscle
is a paired muscle on the anterior abdominal wall separated
in the midline by the linea alba. In addition to T, , the other
thoracolumbar nerves (T-T)) traverse the potential space
between the rectus abdominis muscle and the posterior
sheath just superficial to the peritoneum.

TECHNIQUE: A linear, high-frequency probe is placed just
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lateral to the umbilicus. The rectus abdominis muscle is
visualized as the first major layer deep to the subcutaneous
tissue (Figure 7). The posterior sheath lies just below
the rectus abdominis and above the peritoneum. The
probe is maintained immediately lateral to the umbilicus.
After a needle is placed in-line from the lateral aspect of
the probe, the local anesthetic agent is deposited in the
potential space between the rectus abdominis muscle and
its posterior sheath. The benefit of injecting the local
anesthetic at the most lateral edge of the rectus abdominis
muscle near the aponeurosis of the transversus abdominis
and internal oblique is to ensure blockade of anterior
cutaneous branching points. The accuracy of placement
of the local anesthetic agent in the correct location can be
increased by the use of ultrasound.”

Figure 7: Rectus sheath block.
RAM = rectus abdominis muscle; PRS = posterior rectus sheath

SAFETY & ADVERSE EFFECTS: Bowel puncture is a potential
complication as the needle is in close proximity to the
peritoneum and bowel when it is deep to the rectus
abdominis muscle. Intravascular injection may occur with
inadequate negative aspiration prior to local anesthetic
injection, as the inferior epigastric artery is also in close
proximity to the site of needle placement. Retroperitoneal
hematoma formation has also been reported. Given the
proximity of the peritoneal structures and the risk of bowel
puncture with deep needle insertion, ultrasonography
should be used.

LOWER EXTREMITY BLOCKADE

Lower extremity nerve blocks have been used for a wide
variety of procedures and surgeries including surgery of
the foot and ankle, knee arthroscopy, and hip procedures
whether traumatic or congenital.*** Peripheral netrve
blocks can be used for intraoperative management of pain,
as well as for postoperative analgesia. These techniques
can be particularly advantageous in patients diagnosed
with muscular or metabolic conditions that could limit the
scope of medications given for general anesthesia or who
are at increased risk of complications following general
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anesthesia.***

Previously, caudal epidural anesthesia was
widely used for postoperative analgesia following lower
extremity procedures, but more recent studies have shown
a lower risk of complications with peripheral nerve

blockade.>*
Lumbar Plexus Block

InpICATIONS: The most common indications for lumbar
plexus block are to provide intraoperative and/otr
postoperative analgesia for hip and femoral procedures
such as acetabular or femoral osteotomies. At least one
study has demonstrated that continuous lumbar plexus
block is compatable to continuous epidural analgesia.*®

SonoaNaTOMY: The lumbar plexus includes the roots of
L1-L4. The plexus may also include contributions from
T12 and L5.” The plexus leaves the confines of the psoas
muscle, and gives rise to three nerves: femoral, lateral
cutaneous and obturator. Important anatomic landmarks
for orientation are the spinous processes to identify the
midline and the transverse processes to identify the
potential block site. Given its depth, a lower frequency
probe (5-8 Hz) is required. When imaging in the saggital
plane, the spinous processes can be identified in the
midline. Moving the probe laterally, the tranverse processes
are identifiable as downward arcing hyperechoic lines with
sonographic drop-out below. In this view, progressing
from superficial to deep, are the erector spinae, quadratus
lumborum and the psoas muscle. The lumbar plexus is not
generally an identifiable structure using ultrasound, but the
plexus is anatomically located at the interface between the
quadratus lumborum and psoas muscle fascia. Alternatively,
the plexus may lie in the body of the psoas muscle. The
posterior border of the psoas muscle is frequently seen as a
hyperechoic line deep to the transverse processes. The goal
is to advance the needle from superficial to deep relative to,
and between, the transverse processes, advancing toward
the psoas muscle location.

TECHNIQUE: The patient is positioned in the lateral
decubitus position, with the intended side to be blocked up,
and knees flexed. The patient’s low back is prepared with
sterile technique. The most typical ultrasound probe used is
the curvilinear, low frequency type for better visualization
of deep structures. The probe should be covered using a
sterile sheath, and after adding sterile gel. The probe may
be positioned transverse at the level of L3-L4, or I.4-L5,
visualizing the space between the transverse processes, and
identifying the surrounding structures to the psoas muscle:
medially vertebral body, quadratus lumborum laterally, and
erector spinae (Figure 8).5%°!
for this technique depending on the size of the patient

Different needles can be used
and the depth of the plexus. For most patients, either a

20 gauge, 6-inch or a 21 gauge, 4-inch, needle can be used.
Tuohy needles can be used to place a catheter. The needle
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Figure 8: Lumbar plexus block — transverse view.
ES = erector spinae muscle; TP = transverse process; PM = psoas
muscle.

is advanced in lateral to medial fashion in plane with the
ultrasound probe, and between transverse processes toward
the substance of the psoas muscle. In the longitudinal
approach, the transverse processes can be identified by
positioning the probe parallel to the midline, slightly off-
midline, as delineated by identification of the spinous
processes. With this position, the quadratus lumborum can
be seen laterally, and the psoas muscle can be found deep
relative to the transverse processes (Figure 9). The needle
is inserted in plane with the probe and advanced between
transverse processes toward the psoas muscle as well. As
a combined technique, electrostimulation may be used to
elicit quadriceps muscle group contraction or a loss of
resistance syringe may be used to confirm the needle tip is
at the psoas compartment. The volume and concentration

Figure 9: Lumbar plexus block — longitudinal view.
ES = erector spinae muscle; TP = transverse process; PM = psoas
muscle.
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of local anesthetic used depends on the age, size and
desired density or purpose of the block. In most instances,
a volume of 0.2-0.4 ml/kg of 0.25% bupivacaine ot 0.2%
ropivacaine is sufficient. The safety threshold of 3 mg/kg
when using either local anesthetic solution should not be
exceeded to prevent the risk with local anesthetic toxicity.

SAFETY AND ADVERSE EFFECTS: The most commonly
block
placementare muscular or renal hematomas, retroperitoneal

reported complications from lumbar plexus

injection, epidural or spinal block, and cardiac arrest from

intravascular injection of local anesthetic.’>*

Femoral Nerve Blockade:
Approach

Inguinal Crease

InpIicaTIONS: Common indications for femoral nerve
block include procedures involving the anterior and lateral
aspects of the thigh. Some of these procedures include
femoral osteotomies, knee arthroscopies, antetior-cruciate
ligament reconstruction.

SonoaNnaTOMY: The femoral nerve is composed of the
fibers of L2-I.4. This is one of the nerves arising from
the lumbar plexus. Identification of the femoral artery is
the cornerstone in anatomical orientation. The nerve will
be identified lateral to the artery although it can take on a
variety of different shapes (Figure 10).5"

Figure 10: Femoral nerve block.
FA = femoral artery; FN = femoral nerve.

TECHNIQUE: The skin is prepared into a sterile field. A
sterile-covered 8-13 MHz 25 mm linear probe can be
used or a larger 35 mm probe for patients weighing more
than 30-40 kgs. Ultrasound gel is applied, and the probe is
positioned at the inguinal crease on the side of intended
block. The probe is placed parallel to the inguinal crease
in the transverse position. The femoral artery is identified
and the nerve will be seen lateral to this structure. The
needle is inserted using a lateral to medial approach,
using an in-plane technique. The nerve can be observed
to have different shapes and sizes, but its lateral location
to the femoral artery will facilitate its identification. Local
anesthetic is deposited with the goal of infiltrating the
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tissue surrounding the nerve in a circumferential fashion.
A volume of 0.2-0.4 ml/kg of 0.25% bupivacaine or
0.2% ropivacaine is sufficient for this block. Higher
concentrations may be used in older patients when the
purpose is to produce a surgical block, keeping in mind the
3 mg/kg total safety dose for either local anesthetic.

SAFETY AND ADVERSE EFFECTS: Reported complications
are vessel puncture, intravascular injection, hematoma, and
intraneural injection.”

Lateral Femoral Cutaneous Nerve Block

InpicaTIONS: This block has been used for treatment
of meralgia paresthetica, to ameliorate tourniquet pain,
in preparation for skin grafting, and as a complement to
femoral nerve block in procedures involving the lateral
aspect of the thigh.*

SonoaNaTOMY: The lumbar plexus gives rise to the lateral
femoral cutaneous nerve (LFC). It provides sensory
innervation to the anterolateral thigh and lateral aspect of
the buttocks below the greater trochanter. The nerve can be
identified medial to the anterior superior iliac spine (ASIS),
lying between the fascia lata and fascia iliaca (Figure 11).

Figure 11: Lateral femoral cutaneous nerve block.
ASIS = anterior superior iliac spine; SM = sartorious muscle; LFCN
= lateral femoral cutaneous nerve.

TECHNIQUE: The femoral nerve and artery can be
identified medially at the level of the inguinal ligament. The
fascia iliaca may be traced laterally toward the ASIS. The
nerve should lie medial to this structure, traveling down
to the groin area. The nerve should appear hyperechoic.
With an in-plane approach, potentially a femoral block
and a LFC block can be performed together. Bupivacaine
or ropivacaine can be used for this block. The volume
required to produce an adequate block will vary depending
on size and weight of the patient, but will require only a
few milliliters of solution as this is a relatively small sensory
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branch.

SAFETY AND ADVERSE EFFECTS: Unintended block of the
femoral nerve and obturator nerves has been reported
using blind technique. Recent reports demonstrate a
minimal risk of complications with ultrasound guidance.™

Saphenous Nerve Block

InpICATIONS: Saphenous nerve block can be used as a
supplemental injection to sciatic nerve block to provide
blockade of the entire innervation below the knee. Typical
indications include foot and ankle procedures, particularly
those involving the medial and plantar aspect of the foot.

SonoaNnaTOMY: The key anatomic relationship for this
block is identifying the sartorius and gracilis muscle on
the medial aspect of the thigh over the mid to distal third
of the thigh. Using ultrasound, identifying the geniculate
artery can be an important landmark in younger patients as
visualization of the netve can be challenging (Figure 12).°

Medial

Figure 12: Saphenous nerve block.
SM = sartorious muscle; SN = saphenous nerve.

TECHNIQUE: Placing a high frequency probe over the
medial aspect of the mid to distal one third of the thigh,
and with the probe in transverse orientation, the nerve
may be identified between the sartorious and gracilis
muscles. With the nerve identified, an in-plane approach
can be used to deposit local anesthetic. In smaller patients,
visualization of the nerve may prove difficult and the local
anesthetic is deposited around the geniculate artery. As
with LFC block, a clinically adequate block can be obtained
with minimal volume using a variety of local anesthetics.
When identification of the nerve is challenging, or the
previous approach has failed, placement of local anesthetic
below the fascia iliaca may be useful. Alternatively, block
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of the femoral nerve block as described above will provide
sensory block in the saphenous nerve distribution for
procedures below the knee.

SAFETY AND ADVERSE EFFECTS: When using a peri-arterial
placement of the local anesthetic solution as described,
intravascular injection of local anesthetic with its potential
unintended ramifications is possible.”

Sciatic Nerve Block- Subgluteal Approach

InpICATIONS: The sciatic nerve is a mixed sensory and
motor nerve formed by the nerve roots of 1.4 and L5, S1-3
and variable contributions from S4. This is the longest and
largest single nerve in the body. Ultimately it gives rise to
the peroneal and tibial nerves. With the exception of the
sensory innervation to the medial aspect of the leg and foot,
the sciatic nerve provides sensory and motor innervation
to the rest of the leg and foot, and the posterior aspect of
the thigh. Ultrasound-guided nerve block can be achieved
using different approaches, which will be described
individually. The subgluteal approach block is useful for
procedures involving the leg and foot, but could require
supplementation with distal femoral block, depending
on the specific location of the procedure. Placing local
anesthetic in this location can contribute to the relief of
tourniquet pain as well.

SonoaNaTOMY: The subgluteal approach to the sciatic
nerve is the most proximal view. This was also the first
ultrasound-based nerve block described in children.®
With this technique the nerve is both larger, and more
hyperechoic, than more distal views (Figure 13). The
anatomic landmarks used to obtain view of the nerve
are the ischial tuberosity and greater trochanter of the
femur. In general, the nerve lies mid-line between these
structures

Figure 13: Sciatic nerve block — subgluteal approach.
BF = biceps femoris muscle; SN = sciatic nerve; F = femur.
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TECHNIQUE: The patient may be positioned supine, lateral
or prone. For younger patients a rectilinear probe may
be used, but for larger patients a curvilinear probe, lower
frequency probe may be more appropriate for visualization
of nerve. With the probe placed in the transverse position
and after sterile skin preparation, the nerve can be found
in the area between the greater trochanter and ischial
tuberosity. The nerve can be blocked at this site, and or it can
be traced more distally. The needle can be placed between
the vastus lateralis and biceps femoris, and advanced using
an in-plane approach to deposit local anesthetic around the
nerve. The nerve can be better visualized by flexing and
extending the knee during ultrasound scan, and observing
the nerve change shapes with motion of the knee. The out
of plane approach has also been used successfully.

SAFETY AND ADVERSE EFFECTS: Potential complications
with this approach are
intravascular injection is also possible. At least one study

intraneural injection, and
has demonstrated the placement of continuous peripheral
nerve block catheter using this technique with minimal
risks of complication.”

Popliteal Approach to the Sciatic Nerve

InDICATIONS: This approach is specifically indicated for
procedures of the lower aspect of the leg, foot and ankle.

SonoanaTOoMY: Identification of the popliteal artery and
vein are important steps toward distinguishing the tibial
and popliteal nerves sonographically. By identifiying
both nerves, and tracing their course cephalad, one can
determine the site of sciatic nerve split in its most distal
location (Figure 14).

Femur

Figure 14: Sciatic nerve block — popliteal approach.
CPN = common peroneal nerve; TN = tibial nerve; PA = popliteal
artery.

TECHNIQUE: After sterile skin preparation, the ultrasound
probe is placed in a transverse position at the level of
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the popliteal fossa in the crease of the knee. Medially,
the popliteal artery and vein may be identified a few
centimeters cephalad to the crease of the knee. The tibial
nerve is usually found in close proximity to those vessels.
The peroneal nerve will be found lateral to the tibial nerve.
By sliding the probe even more cephalad, the tibial and
peroneal nerves can be seen joining together to form the
sciatic nerve. At this point, the needle can be inserted
into the lateral thigh in plane with the ultrasound probe
and advanced medially to inject local anesthetic solution
around the sciatic nerve.

SAFETY AND ADVERSE EFFECTS: Intravascular injection is
the greatest risk undertaken with this approach as both the
popliteal artery and vein are near the nerves of interest.

CONCLUSION

The primary benefit of regional anesthesia is its ability
to provide powerful analgesia with minimal risk and few
adverse effects. It provides an effective solution to our
heavy reliance on opioids for postoperative pain relief.
This holds as true in children as in adults. Despite this
fact, the escalation of the use of peripheral nerve blocks
in children has trailed behind that of adults. However,
in recent years, the use of peripheral regional anesthesia
has gained substantial ground in pediatric perioperative
care.”® This is in no doubt largely due to the increased
availability and portability of ultrasonography, which has
given practitioners confidence to approach the diminutive
structures of children and use smaller doses of local
anesthetic. Furthermore, there has been the development
of appropriately sized needles for these techniques in
infants and children.

The large proportion of ambulatory surgeries in children
has resulted in increased use of nerve block catheters
with ambulatory local anesthetic pumps.®® These
pumps require a substantial investment in time and staff
to follow them on an outpatient basis.”® Fututre trends
in pediatric regional anesthesia may include the more
frequent use of efficacious local anesthetic adjuvants, such
as dexamethasone, to prolong the duration of analgesia.”
Liposomal bupivicaine, newly approved in the United
States for wound infiltration in adults, may eventually
become a mainstay for providing long-term regional
analgesia without the need for catheters. As ultrasound
technology has progressed we are seeing greater levels of
anatomic detail than ever before. The refinement of 3 and
4 dimensional ultrasonography will likely remove some of
its limitations and make it affordable enough to become
an important tool in the armamentarium of the pediatric
regional anesthesiologists.
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