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Abstract Regional anesthetic techniques for periopera-
tive analgesia in children are being increasingly utilized
with the reported advantages of providing superior anal-
gesia, decreasing opioid consumption, and reducing opioid-
related adverse effects. The following article reviews the
available literature regarding core and trunk blocks in
infants and children; specifically, transversus abdominis
plane, ilioinguinal/iliohypogastric nerve, rectus sheath,
lumbar plexus, and paravertebral and intercostal nerve
blockade. The common indications and potential compli-
cations and adverse effects for each block are presented.
Additionally, the anatomy and techniques needed for their
performance are reviewed. Finally, a summary of the rel-
evant literature in relation to each peripheral nerve block
technique is included.
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Introduction

The literature has clearly demonstrated that the effective
treatment of postoperative pain in infants and children is
challenging. Despite the recognition of the importance
of postoperative analgesia and the potential adverse
effects of postoperative pain, significant pain occurs
during the postoperative period in both the inpatient and
outpatient settings [1-3]. Although the use of opioid
analgesics is generally safe, adverse effects do occur,
thereby mandating the use of alternative analgesic
techniques when feasible [4]. In an effort to improve
postoperative analgesia while limiting opioid-related
adverse effects, there continues to be an increased use of
regional anesthetic techniques in infants and children.
Although the caudal remains the most commonly used
regional anesthetic technique in infants and children, it
has been demonstrated that effective analgesia can be
provided with the use of peripheral nerve blockade
even in the pediatric-aged patient [5—7]. Additionally,
the available literature suggests that peripheral nerve
blockade may have a lower incidence of adverse effects
when compared with neuraxial techniques including
caudal analgesia [8].

Given these data, there is an increasing use of peripheral
nerve blockade in infants and children. Although com-
monly used in the adult population, many of these tech-
niques have been utilized only to a limited extent in the
pediatric-aged patient. As in the adult population, ultra-
sound guidance has proven efficacious in assuring the safe
and effective use of these blocks. This article reviews the
available literature regarding core and trunk blocks in
infants and children, presents the common indications for
each block, and highlights the anatomy and techniques
needed for their performance.
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Regional anesthesia of the core and trunk
Transversus abdominis plane block
Introduction

The transversus abdominis plane (TAP) block was first
described as a means of providing analgesia following
lower abdominal and laparoscopic procedures in the adult
population [9-14]. As originally described, analgesia is
provided by the placement of the local anesthetic solution
between the internal oblique (IO) and the transversus ab-
dominis muscles using an injection in the triangle of Petit.
In the adult population, the TAP block has a well-estab-
lished efficacy in providing postoperative analgesia for
lower abdominal procedures such as bowel resection, ret-
ropubic prostatectomy, cesarean section, and total abdom-
inal hysterectomy. In a prospective randomized trial, TAP
block with either ropivacaine (0.2 mL/kg of 0.75 %) or
placebo was administered to 50 adults following cesarean
delivery [12]. The group receiving ropivacaine had
decreased postoperative pain scores, a 70 % reduction in
postoperative morphine requirements, and a prolonged
time to first request for analgesia (220 vs. 90 min).

Indications

The TAP block has been used to provide analgesia to the
anterior abdominal wall following several different
abdominal surgical procedures including appendectomy,
cholecystectomy, cesarean section, and most laparoscopic
incisions. Unlike 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 in many cases
may provide analgesia that is effective enough to eliminate
the need for opioids.

Anatomy and technique

Sensory innervation of the anterolateral abdominal wall is
provided by the anterior divisions of spinal nerves Tg—L.
These nerves course in a plane between the transversus
abdominis and IO muscles, and deposition of local anes-
thetic in this plane, as first described by McDonnell et al.
[10], will lead to interrupted innervation and regional
anesthesia of the abdominal skin, muscles, and parietal
peritoneum. This is achieved with a single injection
administered in the triangle of Petit, an anatomical locale
on the lateral abdominal wall, bound posteriorly by the
latissimus dorsi, anteriorly by the external oblique (EO)
muscle, and inferiorly by the iliac crest. McDonnell et al.
[10] demonstrated correct placement of this block with a
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blind, loss-of-resistance technique by cadaveric dissection
after the injection of methylene blue dye and also by
computed tomography imaging after the infiltration of
radiopaque dye.

Ultrasound guidance, with a linear high-frequency probe
is now preferred for TAP block placement. 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 [15, 16]. 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 abdom-
inal wall. The ultrasound probe is then moved laterally to
delineate the three layers of the abdominal wall: the EO,
the IO, and the transversus abdominis. The probe is sta-
tioned lateral on the anterior abdominal wall at a 70°-90°
angle with the patient’s bed. A needle is inserted, utilizing
the ‘in-plane’ technique, from the medial aspect of the
probe between the IO and the transversus abdominis
(Fig. 1). Injection, with incremental aspiration, will create
an elliptical opening of the potential space in which the
nerves traverse.

Complications

Although complications are uncommon, especially when
using ultrasound guidance, it should be noted that 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 [17].

Pediatric reports

The first reports of the use of the TAP block in pediatric
patients appeared in 2008-2009 [14, 18-20]. Mukhtar and
Singh [14] placed a bilateral TAP block in 4 patients aged
14-17 years following laparoscopic appendectomy. Ultra-
sound guidance was used to infiltrate 20 mL of 0.25 %
bupivacaine per side, and for the first 12 postoperative
hours, patient pain scores did not exceed 2 out of 10 and no
patient required supplemental analgesia. Two patients
required no analgesic agents during their entire postoper-
ative course. Tobias reported the successful use of TAP
block in a cohort of 10 pediatric patients, ranging in age
from 8 months to 10 years [18]. The TAP block was placed
bilaterally using 0.3 mL/kg of 0.25 % bupivacaine with
epinephrine. The surgical procedures included bilateral
ureteral reimplantation (n = 3), laparoscopy for evaluation
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Fig. 1 Technique for
transversus abdominis plane
(TAP) block. The needle is
inserted, utilizing an ‘in-plane’
ultrasound technique, from the
medial aspect of the probe. The
needle is positioned between the
internal oblique and the
transversus abdominis muscle
layers. Injection, with
incremental aspiration, will
create an elliptical opening of
the potential space. Red dashed
line indicates needle placement

of abdominal pain (n = 2), colostomy takedown (n = 2),
laparoscopic appendectomy (n = 2), and bilateral inguinal
hernia repair (n = 1). The TAP block was judged to be
successful in 8 of the 10 patients, as no postoperative
analgesic agents were needed for the initial 7-11 postop-
erative hours. The author also noted that the TAP block has
advantages over the caudal block in various scenarios
including patients with spinal dysraphism or patients larger
than 20-25 kg in whom caudal epidural block may be more
technically difficult.

Unilateral TAP block was also shown to provide
effective analgesia in a prospective study of 8 children
undergoing inguinal hernia repair [19]. All patients main-
tained postoperative pain scores of 0-2, 7 patients required
no postoperative opiates; one patient received intravenous
morphine to treat emergence agitation. The block was
placed preoperatively and 5 patients needed no intraoper-
ative opiate, with fentanyl (<0.5 pg/kg) required in the
remaining 3 patients during manipulation of the spermatic
cord, which involves stimulation of the genitofemoral
nerve, supplied partially by L,. A case report from 2008
outlined the use of a TAP block to provide postoperative
analgesia for a 2-day-old neonate undergoing colostomy
placement [20]. Vertebral anomalies associated with the
patient’s VACTERL syndrome (vertebral anomalies, anal
atresia, cardiovascular anomalies, tracheoesophageal fis-
tula, renal and/or radial anomalies, and limb defects) pre-
cluded the use of a caudal epidural blockade and prompted
the author’s choice of TAP block. More recently, Taylor
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et al. [21] reported the successful placement of TAP
catheters to provide postoperative analgesia in 2 pediatric
patients with spinal dysraphism.

The final report regarding TAP blocks in the pediatric
population outlines the results of a prospective, randomized
trial comparing a unilateral TAP block with ropivacaine
versus placebo in a cohort of 40 pediatric patients fol-
lowing open appendectomy [22]. The TAP block reduced
morphine requirements in the first 48 postoperative hours
(total dose of 10.3 &+ 12.7 vs. 22.3 + 14.7 mg, p < 0.01)
when compared with placebo. The TAP block also resulted
in lower pain scores at rest and with movement. There was
no difference in the incidence of nausea, vomiting, or
sedation.

Summary

The preliminary literature in infants and children suggests
that the TAP block provides effective analgesia following
various umbilical and lower abdominal procedures,
including laparoscopy. In comparison to the more com-
monly used caudal epidural analgesia, the TAP block offers
the advantage of being feasible in patients with vertebral
anomalies and in older pediatric patients weighing more
than 20-25 kg. Even in the adult population, it can be
confidently performed following the induction of general
anesthesia, as the block does not involve needle placement
near the neuraxial space or peripheral motor nerves. Use of
a TAP block has also been reported in a patient with an
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intracranial lesion which would preclude the use of neur-
axial blockade due to concerns of altering intracranial
pressure with epidural anesthesia [23]. Current experience
outlined in the pediatric literature suggests the use of
0.2-0.3 mL/kg per side of either 0.25 % bupivacaine or
0.2 % ropivacaine. However, data are limited and further
studies would help clarify the optimal dosing regimen.
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 technique in infants and children, local anes-
thetic toxicity is the most likely serious adverse event and
attention to volume and concentration is imperative, with
the total dose of bupivacaine or ropivacaine not to exceed
3 mg/kg.

Ilioinguinal/iliohypogastric nerve block
Introduction

Unlike most other peripheral nerve blocks, ilioinguinal and
iliohypogastric (IL/IH) nerve blockade was initially intro-
duced in the pediatric population in the late 1980s and then
later used in the adult population. IL/IH nerve blockade is
used commonly to provide perioperative pain relief for
children undergoing inguinal procedures. It has proven to
be efficacious as well as safe with landmark-based
administration in the pediatric population [24-26]. Han-
nallah et al. [27] described the analgesia provided by the
block as comparable to caudal analgesia for same-day
surgery procedures over 20 years ago. Although placement
of the IL/TH nerve block was initially accomplished using
anatomic surface landmarks, the introduction of ultrasound
has been shown to improve the accuracy and consistency of
the IL/IH nerve block [28-30].

Indications

In the pediatric population, the IL/IH block has been used
to provide analgesia for surgical procedures in the inguinal
region and lateral scrotum, including inguinal hernia repair,
hydrocelectomy, and orchiopexy. It may also be used for
diagnostic or therapeutic purposes in patients suffering
from chronic pain after previous surgical procedures in the
inguinal area. In the adult population, the IL/IH block has
proven efficacious in reducing opioid requirements after
obstetric and gynecological surgery.

Anatomy and technique
The ilioinguinal and iliohypogastric nerves originate from

Ty, and L, of the thoracolumbar plexus. The nerves tra-
verse the IO aponeurosis 1-3 cm medial to the anterior
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superior iliac spine (ASIS). It has recently been demon-
strated that accurate placement of the local anesthetic
solution around the IL/IH nerves with the landmark tech-
nique results in more failed blocks when compared with
ultrasound-based deposition [29]. Weintraud et al. [29]
evaluated 62 children scheduled for inguinal surgery
receiving IL/TH 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.

The classic “fascial click” approach to the IL/IH block
recommends needle insertion at a point one-third of the
way between the ASIS and the umbilicus. The needle is
advanced until a loss of resistance is felt, which should
identify the space between the IO and transversus abdo-
minis muscles. Alternatively, for 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
IO and the transversus abdominis. An oval structure may
be visualized encompassing the neurovascular bundle. The
ilioinguinal nerve can 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 [31].

The needle is inserted in plane with the ultrasound probe
from a lateral to medial approach with incremental aspi-
ration. It is important to deposit the local anesthetic solu-
tion between the IO and transversus abdominis with
evidence of layer separation (Fig. 2). The volume of local
anesthetic solution utilized to anesthetize both nerves
ranges from 0.1 to 0.4 mL/kg. More recently, the amount
required has been shown to be as little as 0.075 mL/kg
when ultrasound is used to ensure accurate placement [30].

Complications

Bowel puncture and intravascular injection are the most
common complications. There have been isolated case
reports of pelvic hematoma formation, colonic perforation,
and femoral nerve palsy [32]. Complications seem to be
increased when using the blind technique as compared with
the ultrasound technique.

Pediatric reports

Most of the recent literature regarding IL/IH nerve blocks
confirms the utilization of ultrasound, the latter being
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Fig. 2 Technique for
ilioinguinal/iliohypogastric
blockade. The needle is inserted
in plane with the ultrasound
probe from a lateral to medial
approach. The local anesthetic
solution is placed between the
internal oblique and transversus
abdominis with evidence of
layer separation. In 50 % of
patients, only the internal
oblique and the transversus
abdominis layers can be
visualized. Red dashed line
indicates needle placement.
Arrows show where local
anesthetic should be deposited

particularly important given the issue of the variance in the
anatomy of the IL/IH nerves during maturation. Ultrasound
has been shown to allow significantly less total local
anesthetic use when compared with the conventionally
recommended doses of 0.3-0.5 mL/kg [30]. In a prospec-
tive trial with a 50 % volume reduction at each level that
resulted in 100 % success of the IL/IH nerve block, the
effective volume of 0.25 % levobupivacaine required to
achieve 100 % success was 0.075 mL/kg. Jagannathan
et al. [33] have shown the benefit of a single-shot caudal in
conjunction with an IL/IH nerve block as compared with a
caudal alone in reducing postoperative pain scores in a
cohort of 48 pediatric patients following unilateral groin
surgery. The two groups in the cohort received a caudal
epidural block prior to the start of surgery, with 0.7 mL/kg
of 0.25 % bupivacaine, and then were randomized to
receive an IL/IH block at the end of surgery with 0.1 mL/
kg of either preservative-free normal saline or 0.25 %
bupivacaine. Patients who received the combination caudal
with an IL/IL block had a decrease in the pain score (scale
of 0-10) by 0.72 £ 0.58 during their time in the recovery
room. The difference was greatest in patients undergoing
inguinal herniorrhaphy. No difference was noted in time to
first request for analgesic medication or the amount of
rescue analgesics required.

A recent study compared the efficacy of an IL/IH nerve
block with a TAP block, both placed using ultrasound
guidance, following inguinal surgery in a cohort of 41

pediatric patients [34]. The TAP block was less effective,
as demonstrated by the presence of pain while patients
were in the recovery unit (76 vs. 45 %, p = 0.040) and the
need for rescue analgesia with ibuprofen (62 vs. 30 %,
p = 0.037). No difference was noted between the two
groups in regard to total morphine consumption, post-dis-
charge ibuprofen use, comfort scores, and satisfaction
scores. Ultrasound image quality was poorer and needle
time under the skin was longer in the IL/IH block group.

Summary

Of the peripheral nerve blocks, IL/ITH nerve blockade
remains one of the most common blocks in infants and
children. The use of IL/IH nerve blocks in the pediatric
population has increased owing to the increased surgical
volume of inguinal procedures in the pediatric popula-
tion. The recent advent of ultrasound has proven to be
beneficial in the accuracy and effectiveness of this
block. Even if the IL/IH nerves cannot be directly
visualized by ultrasound, the local anesthetic agent can
be injected between the IO and TA muscles. It will
follow the fascial planes and envelope the neurovascular
bundles. The block provides superior analgesia in com-
parison to intravenous opioids or even a TAP block. The
IL/TH block is frequently applicable even in patients in
whom neuraxial analgesia including a caudal may be
contraindicated.
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Rectus sheath block
Introduction

The rectus sheath (RS) block was first described by
Schleich, in the nineteenth century, to provide relaxation of
the anterior abdominal wall in the adult population. More
recently, Smith et al. [35] utilized the RS block for adult
laparoscopic gynecological procedures. In 1996, Ferguson
et al. [36] suggested the use of the RS block to provide
analgesia for umbilical hernia repair in the pediatric pop-
ulation. One year later, Courreges et al. [37] described a
new technique for providing analgesia for children under-
going umbilical hernia repair, and described it as the para-
umbilical block. The difference in these techniques is
mainly based on the site of needle injection, with the latter
block being placed using 4 injections (two on each side) at
the level of the umbilicus rather than two injections (one on
each side) above the level of the umbilicus. Since its ori-
ginal description, the use of the RS block has increased
with reports of its use for umbilical hernia repair, pyloro-
myotomy, and midline laparoscopic incisions.

Indications

The RS block is used in analgesia for peri-umbilical sur-
gical procedures including single-incision laparoscopic
surgery and umbilical herniorrhaphy.

Fig. 3 Technique for the rectus
sheath block. The ultrasound
probe is maintained
immediately lateral to the
umbilicus. A needle is placed
using an in-line approach 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.
Red dashed line indicates needle
placement
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Anatomy and technique

The umbilical region is innervated by the right and left
10th intercostal nerves, which are the anterior rami of the
10th spinal thoracic nerve 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 anterior cutaneous branches innervating the
periumbilical skin. Two possible anatomic courses of these
nerves have been described, with them 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 thora-
columbar nerves (T,-T;;) traverse the potential space
between the rectus abdominis muscle and the posterior sheath
just superficial to the peritoneum.

A linear high-frequency probe is placed just lateral to
the umbilicus. The rectus abdominis muscle is visualized as
the first major layer beyond the subcutaneous tissue. 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 (Fig. 3). The accuracy of
placement of the local anesthetic agent in the correct location
can be increased by the use of ultrasound [38].

-—---"“.._'ﬁ o
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Complications

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 injec-
tion may occur with inadequate negative aspiration as the
inferior epigastric artery is also in close proximity to the
site of needle injection. Retroperitoneal hematoma forma-
tion has also been reported.

Pediatric reports

The first interest in the applications of the RS block in the
practice of pediatric anesthesia began in 1996 [36]. This
was followed by the report of Courreges et al. [37] who
presented a slight variation on the technique, calling it a
para-umbilical block. In that report, they described the use
of the para-umbilical block in a cohort of 11 children,
ranging in age from 2 months to 9 years, undergoing
umbilical hernia surgery. They reported successful post-
operative analgesia at 1 h following surgery in 10 of the
patients and at 6 h following surgery in 8 of the 11 patients.
Willschke et al. [39] were the first to report the use of
ultrasound-guided RS blocks in the pediatric population.
The study started with a sono-anatomic evaluation in 30
children which noted a poor correlation between the depth
of the posterior RS and the weight of the child, body sur-
face area, or their height. In the second part of the study,
the authors demonstrated the efficacy of RS block using
0.1 mL/kg of 0.25 % levobupivacaine in providing anal-
gesia following umbilical hernia surgery in 20 children.
De Jose Maria et al. [40] recently described a new approach
to the classic technique. The modified technique included
avoidance of the epigastric vasculature as well as isolating the
10th intercostal nerve at the lateral edge of the rectus abdo-
minis muscle before the anterior cutaneous branching points.
Ten children scheduled for umbilical hernia repair were
included and underwent a bilateral RS block as described
above. The needle was localized to the lateral edge of the
rectus muscle at the junction of the aponeurosis of the IO and
transversus abdominis muscles, using ultrasound guidance
followed by the administration of 0.1 mL/kg of 0.25 %
bupivacaine. Effective analgesia was achieved in all patients
without the need for supplemental intraoperative or postop-
erative opioids. Despite the uniform efficacy noted in the
previous studies, Isaac et al. [41] demonstrated no difference
in the postoperative effects when comparing RS block and
local infiltration in a cohort of 14 children (1-8 years of age).

Summary

Although it may be difficult to visualize the 10th intercostal
nerve with an 8- to 10-MHz linear probe, ultrasound allows

for visualization of the deposition of the local anesthetic
agent within the potential space between the rectus abdo-
minis and its posterior fascial sheath. The benefit of
injecting the local anesthetic at the most lateral edge near
the aponeurosis of the transversus abdominis and the IO is
to ensure the blockade of anterior cutaneous branching
points. 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 [42].

Lumbar plexus block
Introduction

The lumbar plexus block (LPB) or psoas compartment
block (PCB), first described in 1976, traditionally has been
performed using surface anatomic-based landmarks and a
loss-of-resistance technique verified by paresthesias [43].
The technique was subsequently modified with the use of a
nerve stimulator with quadriceps contraction to improve
the success rate. In 2004, Kirchmair et al. [44] described
the relevant sono-anatomy for a posterior LPB. In a
cadaver population, they were able to accurately guide a
needle under ultrasound guidance to the posterior aspect of
the psoas muscle and localize the roots of the lumbar
plexus. Unlike the brachial plexus, which is enveloped
between the fascia of the anterior and middle scalene
muscles, the lumbar plexus frequently traverses the sub-
stance of the psoas major muscle. Thus, the anatomic
variability reinforces the benefit of utilizing ultrasound
guidance to enhance the success rate of the LPB.

Indications

Lumbar plexus blocks are utilized intraoperatively and
postoperatively for procedures of the hip and proximal
lower extremity including the knee. The LPB is also used
as both a diagnostic and therapeutic tool for both acute and
chronic pain disorders. The block is ideal for unilateral
proximal lower-extremity procedures where a neuraxial
technique may be undesirable and/or contraindicated.

Anatomy and technique

The lumbar plexus is formed by the union of the anterior
rami of the first four lumbar nerves (L;_4) with variable
input from the 12th thoracic nerve (T;;) and Ls. The
lumbar plexus lies in the “psoas compartment” in the
paravertebral space with the anterior border formed by
the psoas major muscle and the posterior border formed by
the quadratus lumborum. As noted above, the lumbar
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plexus in many cases may actually lie within the body of
the psoas major muscle. As it emerges from the paraver-
tebral space or the psoas muscle, it divides into the three
nerves that innervate the anterior portion of the upper
aspect of the lower extremity: femoral, lateral femoral
cutaneous, and obturator nerves. The femoral nerve pro-
vides sensory innervation to the anterior and medial aspects
of the thigh and motor innervation to the quadriceps
muscles. The lateral femoral cutaneous nerve is purely
sensory, providing sensory innervation to the lateral aspect
of the thigh. It branches from the lumbar plexus and enters
the thigh deep to the inguinal ligament, medial to the ASIS.
The obturator nerve provides motor innervation to the ad-
ductors of the leg, as well as sensory innervation to part of
the medial aspect of the lower portion of the thigh. The
obturator nerve also innervates the knee joint, making it
imperative to anesthetize it to achieve analgesia following
procedures involving the knee.

The most common approach in performing LPB is the
transverse approach. Utilizing a 40- to 60-mm curvilinear
probe oscillating at 2-5 MHz, the transducer is placed
midline at the L, level to visualize the spinous process. The
transducer is then moved laterally (approximately 2—4 cm)
away from the midline toward the paravertebral space.
Both the articular and transverse processes of the vertebral
column should be in view. The structures from superficial
to deep include the erector spinae, transverse process, and
psoas muscle (Fig. 4). If the quadratus lumborum is in view
the probe is likely too lateral. If the articular process and/or

Fig. 4 Technique for the
lumbar plexus block. The
ultrasound (2-5-MHz
curvilinear) probe is placed at
the L, in the transverse
orientation approximately

2—4 cm from the midline. After
the psoas major muscle is
identified, the needle is inserted
using an in-line approach from
the lateral aspect of the probe.
Local anesthetic is deposited in
the posterior one-third of the
muscle in the perineural region.
Red dashed line indicates needle
placement
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vertebral body are in view, the probe is too medial. If a
bony prominence is encountered during needle advance-
ment, it is likely the transverse process. The needle should
be “walked-off” in a caudad or cephalad direction. A loss
of resistance is frequently felt as the psoas compartment is
entered.

Complications

Rare but serious complications include trauma to intra-
peritoneal viscera, renal trauma and hematoma, and epi-
dural spread of local anesthetic. In a recent randomized
controlled trial of continuous LPB for hip arthroplasty,
there was a 7 % incidence of epidural spread of local
anesthetic [45]; postoperatively, two of the catheters clot-
ted, while 3 % of the continuous catheters were ineffective.

Pediatric reports

Prior to the widespread use of ultrasound, various reports
appeared outlining the efficacy of lumbar plexus blockade
as a means of providing analgesia following hip and femur
surgery in infants and children [46—48]. These reports used
either a loss-of-resistance technique or nerve stimulation to
identify the correct location for the deposition of the local
anesthetic agent. In 2004, Kirchmair et al. [44] published
sonographic findings in children, showing that anatomical
skin-to-plexus distance was correlated with weight rather
than with age; these findings enhanced the utility of the
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posterior approach to the LPB. Walker et al. [49] measured
the depth from the skin to the lumbar plexus in 350 con-
secutive patients and noted that the strongest correlation for
the lumbar plexus depth was the distance between the
posterior superior iliac spine (PSIS) and the intercristal line
(ICL). These measurements can be used as a guide for
ultrasound location and may reduce potential unwanted
complications associated with the LPB in children.

Summary

To date, there are limited centers with widespread expertise
regarding the use of the LPB in the pediatric population. It
remains a technique that is used more commonly in the adult
population. However, with ultrasound guidance, attention to
proper technique, and the use of simple tools to estimate the
depth of the lumbar plexus from the skin, it appears that there
are useful applications of this technique in the pediatric pop-
ulation, especially for patients who have major surgical pro-
cedures involving the hip and proximal femur, such as
derotation osteotomies.

Paravertebral block
Introduction

The first paravertebral block was performed in 1905 by Hugo
Sellheim in an attempt to find a replacement for spinal
anesthesia owing to concerns about its effects on cardiovas-
cular function. Sellheim and his surgical resident studied
small injections of procaine at the emergence of spinal nerves
to prevent pain in patients undergoing laparotomy. This led to
the mapping of the segmental innervation of the intra-
abdominal organs. Subsequent investigations of the anatomy
of the cervical region led to the modern-day techniques of
paravertebral anesthesia including cervical plexus blockade.
Although initially described in the early 1900s, the popularity
of the paravertebral block has cyclically emerged in the lit-
erature, with a resurgence during this past decade. Like the
literature on many regional anesthetic techniques, the
majority of the literature regarding these techniques deals
with the adult population. Although considered separately
above, the LPB may be considered to be a paravertebral block
at the lumbar level.

Indications

Paravertebral nerve blocks can provide excellent postop-
erative analgesia with fewer adverse effects and fewer
contraindications than central neuraxial blockade. Thoracic
paravertebral blocks have been shown to be effective for
several types of unilateral procedures of the trunk (thoracic
or lumbar area), including thoracotomy, breast surgery,

cholecystectomy, renal surgery, and herniorrhaphy [50-
55]. Typically, two to three dermatomes are covered with a
single injection in the paravertebral space. More recently,
the block has been used for major abdominal and vascular
surgery, as well as in the treatment of various chronic pain
syndromes including malignant neuralgia and complex
regional pain syndrome [56-58].

Anatomy and technique

The paravertebral space is a potential space, filled with
intercostal and sympathetic nerves. It becomes a wedge-
shaped cavity when filled with a local anesthetic [59, 60].
At this level, the spinal nerve lacks both an epineurium and
part of the perineurium and is therefore easily penetrated
by the local anesthetic agent owing to a thin membranous
sheath. The boundaries of the paravertebral space include
the superior costotransverse ligament posteriorly, the
parietal pleura anteriorly, intervertebral discs medially, and
the head and neck of ribs superiorly.

In the pediatric population, following the induction of
general anesthesia, the patient is placed lateral or prone. At
the appropriate spinous process, under sterile conditions, a
linear array transducer is moved longitudinally in the
cephalo-caudad direction until the corresponding trans-
verse process is identified (hypoechoic structure with a
hyperechoic border). The ultrasound probe is then rotated
90° perpendicular to the spinal column. Using this point for
the view, both the transverse process and the pleura can be
visualized using the ultrasound. Utilizing an in-plane
approach from lateral to medial, a Tuohy needle is incre-
mentally advanced with a loss-of-resistance syringe
attached. The needle traverses the intercostal muscles and
is advanced to a point which is just prior to the pleural
border (Fig. 5). At this point, the contents of the syringe
should be easily injected. The local anesthetic agent can be
injected and/or a catheter placed into the space.

Complications

In a retrospective study, the overall incidence of adverse
effects or complications of the paravertebral block were
<5 % even before the advent of ultrasound-guided tech-
niques [61, 62]. With a unilateral paravertebral block, the
risk of accidental pleural puncture was 0.8 %, with the
development of a pneumothorax in 0.5 % of the total
patient population. Although their incidence is low, addi-
tional adverse effects include hypotension from local
anesthetic spread centrally with central sympathetic
blockade, the potential for neurological damage with
intrathecal or extradural entry, and paravertebral hematoma
formation. There also has been a case report describing the
development of Horner’s syndrome [62].
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Fig. 5 Ultrasound
demonstrating the anatomy for a
thoracic paravertebral block. An
ultrasound probe is placed at the
vertebral level to be
anesthetized in a transverse
orientation immediately lateral
to the midline spinous process.
The needle is advanced from the
lateral aspect of the probe
utilizing an in-plane approach.
The needle is advanced deep to
the costotransverse ligament
with hydro-dissection of the
potential paravertebral space.
Local anesthetic is deposited to
expand the wedge-shaped
paravertebral space

Transverse
Process

Pediatric reports

Lonngvist [53] was the first to describe the use of continuous
paravertebral blocks in children, in 1992. This study sug-
gested that the paravertebral block was a promising technique
for acute pain management as well as for postoperative
recovery in the pediatric population. Fifteen years later, Berta
et al. [63] published their study on the successful use of a
single-injection paravertebral block in children undergoing
renal surgery. This prospective observational study evaluated
24 children undergoing major renal surgery with a stan-
dardized general anesthetic, with postoperative analgesia
provided by a single lumbar paravertebral injection using a
loss-of-resistance technique. Effective analgesia was dem-
onstrated using clinical pain scores, including the FLACC
(face, legs, activity, cry, consolability) score, as well as by
evaluating postoperative opioid consumption. A successful
block was achieved in 23 of the 24 patients (95.8 %). The
median duration of the analgesia following the block was
600 min, with 10 children not requiring any supplemental
analgesia during the 12-h postoperative period. Vascular
puncture was observed in 2 of the 24 children (8.3 %), but
did not result in serious sequelae.

More recently, paravertebral nerve blocks have been
used in patients that may have contraindications to neur-
axial analgesia or anatomic issues which preclude central
blockade. Bilateral paravertebral blocks have been shown
to be an effective alternative to epidural analgesia for
midline surgery. Visoiu and Yang [57] described bilateral
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paravertebral continuous nerve catheters for postoperative
analgesia in a coagulopathic pediatric patient undergoing
an exploratory laparotomy for a bowel resection.

Summary

Overall, with the increasing utility of ultrasound, the
placement of paravertebral blocks has increased for both
intraoperative and postoperative pain relief in the pediatric
population. There has been a shift from a paradigm of block
placement as an alternative to neuraxial anesthesia in
patients with co-morbid conditions to a primary form of
analgesia, with increasing success. Additional studies are
needed to evaluate the utility of both unilateral and bilateral
paravertebral catheters as a means of providing analgesia
following major surgical procedures in infants and children.

Intercostal nerve block
Introduction

First described by Braun in 1907, intercostal nerve blocks
are used to provide analgesia for a variety of thoracic and
abdominal surgeries or injuries, although the majority of
the literature reports their use for post-thoracotomy anal-
gesia. Reports in adults indicate excellent analgesia,
reduced opioid requirements, increased compliance with
pulmonary exercises, and reduced pulmonary complica-
tions such as atelectasis and pneumonia. Reports in
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children are more limited, but generally concur with adult
findings and demonstrate the safety of this technique.
Intercostal nerve block may be achieved with a single
injection of local anesthetic or by a continuous infusion
using a catheter placed into the intercostal space.

Indications

The intercostal nerve block is useful for providing anal-
gesia for thoracic trauma such as rib fractures and surgical
procedures involving the thorax and upper abdomen, such
as thoracotomy, open cholecystectomy, and liver resection.
This nerve block may also have a role in chronic pain
involving the same anatomy.

Anatomy and technique

The intercostal nerves are the ventral (anterior) rami of the
thoracic spinal nerves T;_;, and supply sensation to the
skin and muscles of the thorax and upper abdomen. The
nerves travel in the space between the internal and inner-
most intercostal muscles along with the intercostal artery
and vein below the inferior edge of the rib. They are not
surrounded by a fascial sheath, which facilitates their
blockade with local anesthetic. As the lateral cutaneous
branch originates in the mid-axillary line, injection of local
anesthetic proximal to this area is ideal. In children, an
intercostal block is most commonly placed at the posterior
axillary line, as this allows them to rest in a semi-prone
position during the procedure. Medial to the posterior angle
of the rib, there is a rare chance of infiltrating the dural
sheath, an increased risk of pneumothorax, and increased
difficulty in palpating the rib owing to the overlying sac-
rospinalis muscle.

Using an aseptic technique, the intended skin entry
sites are marked and infiltrated with lidocaine. For a
single-shot block, a short 20- to 22-gauge Tuohy or block
needle, directed 20° cephalad with the bevel facing up, is
advanced to hit the posterior rib surface. Walking the
needle caudad at the inferior border of the rib, the needle
is slowly advanced. There may be a subtle ‘pop’ as the
needle passes through the fascia of the internal intercostal
muscle. In adults, the average distance from the posterior
border of the rib and the parietal pleura is 8 mm [64], but
no such measurements have been made in children. After
negative aspiration of blood, 0.2-0.5 mL/kg of either
0.2 % ropivacaine or 0.25 % bupivacaine with 1:200,000
epinephrine is injected. Although there will be some
spread of local anesthetic, in part owing to natural defects
in the intercostal muscles, separate injections for the
blockade of one intercostal nerve above and below the
desired dermatomes are recommended to cover overlap-
ping fibers.

Utilizing ultrasound imaging, the probe is applied in a
sagittal plane lateral to the surgical incision site (anterior
approach) or along the posterior axillary line (posterior
approach). The ribs are imaged as hyperechoic streaks. In
between and just deep to the ribs are hyperechoic lines,
which represent the pleura. Next, the probe is rotated so
that it is in plane with the rib; it then can be shifted to a
cephalad or caudad direction to differentiate between rib
and pleura. As the patient breathes, the visceral and parietal
pleura can be visualized as they slide past each other in
‘real time’. A block needle is placed in-plane with the
ultrasound probe from a lateral-to-medial approach and
inserted below the lower border of the rib. The needle is
advanced until the distal tip is just superficial to the pleura.
A tissue plane is delineated between the internal and
innermost intercostal muscles as the local anesthetic agent
is injected (Fig. 6).

The duration of action of a single-shot intercostal block
using bupivacaine is 8-16 h. If prolonged analgesia is
required, repeated injections or the continuous adminis-
tration of local anesthetic is an option. Using an 18-gauge
Tuohy needle, a catheter can be advanced into the inter-
costal space. The catheter should not easily advance more
than 3 cm beyond the needle tip or interpleural placement
should be suspected. When directed medially, catheter
placement may result in a paravertebral block and has been
suggested as an alternative technique to paravertebral
placement [65].

Complications

Pneumothorax is a commonly voiced concern with inter-
costal nerve blockade, although the incidence is reported
at 0.073 % [66]. Lower-level intercostal nerve blocks
could result in penetration of the peritoneum and
abdominal viscera, although this has not been reported.
Owing to the highly vascular area, the absorption of local
anesthetic from the intercostal space is the highest of all
peripheral blocks, with peak plasma concentrations of
bupivacaine 0.5 % occurring between 5 and 15 min in
children [67]. The addition of epinephrine to the local
anesthetic will slow the systemic absorption. There are
rare reports of total spinal anesthesia as a complication of
intercostal blockade, postulated to be owing to inadver-
tent injection into a dural cuff extending outside the
intervertebral foramen [68, 69]. Additionally, Horner
syndrome has been reported following continuous inter-
costal nerve blockade [70].

Pediatric reports

Shelly and Park retrospectively reviewed the postoperative
analgesic requirements in 14 children undergoing liver
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Fig. 6 Ultrasound image
demonstrating the anatomy for
an intercostal block. An
ultrasound probe is placed at the
level to be anesthetized at the
posterior axillary line in the
transverse plane. With the lower
border of the rib in view, the
needle is advanced in a lateral-
to-medial approach until the
potential space between the
internal intercostal and
innermost intercostal muscle is
reached. Local anesthetic is
deposited to expand the
potential space

—

transplantation, 9 of whom received intercostal blocks and
5 of whom received intravenous opioids alone [71]. Fifty-
six percent of the children receiving the intercostal block
required no additional opiate analgesia, and the mean
morphine equivalent doses on postoperative day 3 were
0.16 and 1.52 mg/kg in the block and non-block groups,
respectively. In a prospective study of 20 children, ranging
in age from 5 to 12 years, receiving general anesthesia for
elective thoracotomy, there was improved postoperative
analgesia in the group receiving intercostal blockade
compared with those maintained on opiates alone [72].
When compared with patients receiving intravenous opi-
oids, patients who received an intercostal block had a
longer time until the first request for postoperative anal-
gesia (8.8 £ 2.0 vs. 3.4 + 1.3 h) and a decrease in the
overall need for postoperative morphine (2.5 & 0.52 vs.
3.4 £+ 0.31 mg/kg/24 h).

Examining pharmacokinetics, Rothstein et al. [67]
reported a faster absorption of bupivacaine from the
intercostal space, more rapid clearance, and greater volume
of distribution in children than in adults. Results indicated
bupivacaine doses of 2-3 mg/kg with epinephrine
1:200,000 could be employed safely for intercostal nerve
blockade in children. Bricker et al. also reported faster time
to peak plasma concentration, and confirmed safety with
bupivacaine at a dose of 1.5 mg/kg used for intercostal
block in neonates and infants [73]. Using ropivacaine,
Maurer et al. [74] reported plasma concentrations above the
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accepted safety level after an initial bolus of 1 mg/kg
followed by a continuous infusion at 0.4-0.6 mg/kg/h.
Therefore, typically, a bolus dose of 0.5 mL/kg should be
used for appropriate analgesia with a lower risk of local
anesthetic toxicity.

Regarding continuous intercostal nerve blocks in chil-
dren, Downs and Cooper [75] reported their experience
with nine children, who ranged in age from 1 to 12 years,
following thoracotomy. Using a surgically placed extra-
pleural catheter, the dosing regimen included an infusion of
0.3 mg/kg/h of bupivacaine after an intraoperative loading
dose of 0.75-1.5 mg/kg. They reported adequate analgesia,
minimal need for supplemental morphine, and no adverse
effects.

Summary

Overall, the utility of intercostal nerve blockade in the
pediatric population may be invaluable for thoracotomies.
If there are contraindications to a neuraxial technique or if
the risk of an asleep thoracic epidural outweighs the ben-
efits, an intercostal block should be considered.

Overall summary

Peripheral nerve blocks offer the pediatric patient excellent
postoperative analgesia with the potential for reducing
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intra- and postoperative opioid consumption and hence
opioid-related adverse effects. Additionally, selected studies
have demonstrated improved analgesia when comparing
regional anesthetic techniques with intravenous opioids.
In the truncal region, a spectrum of regional anesthetic
techniques is available to provide analgesia for thoracic,
abdominal, and inguinal surgical procedures, as well as
major orthopedic procedures of the hip and femur. Currently,
with the exception of ilioinguinal/iliohypogastric nerve
blockade, regional blocks of the trunk are used relatively
infrequently in children compared with adults. However,
with increasing literature demonstrating improved technique
and safety in children, as well as the increased use of ultra-
sound, there is increasing interest in using these techniques in
the pediatric population. Ultrasound guidance has been
shown to increase the accuracy and efficacy of these tech-
niques, decrease the incidence of complications, and mini-
mize the volume of local anesthetic needed. Given this
information, it is generally recommended that ultrasound be
used in the performance of trunk blocks in the pediatric
population. Overall, pediatric regional anesthesia is a vital
tool to obtain optimal pain control and anesthetic care. The
future of pediatric regional anesthesia seems promising
owing to the use of safer techniques and their wider
acceptance.

Acknowledgments Special thanks to Drew Tobias as the ultrasound
model for imaging purposes.

Conflict of interest None.

References

1. Rony RY, Fortier MA, Chorney JM, Perret D, Zain ZN. Parental
postoperative pain management: attitudes, assessment, and
management. Pediatrics. 2010;125:e1373.

2. Finley GA, McGrath PJ, Forward SP, McNeill G, Fitzgerald P.
Parents’ management of children’s pain following “minor” sur-
gery. Pain. 1996;64:83-7.

3. Kankkunen P, Vehvilainen-Julkunen K, Pietila AM, Kokki H,
Halonen P. Parents’ perception and use of analgesics at home
after children’s day surgery. Paediatr Anaesth. 2003;13:132—40.

4. Morton NS, Errera A. APA national audit of pediatric opioid
infusions. Paediatr Anaesth. 2010;20:117-8.

5. Ross AK, Eck JB, Tobias JD. Pediatric regional anesthesia—
beyond the caudal. Anesth Analg. 2000;91:16-26.

6. Tobias JD. Regional anesthesia of the lower extremity in infants
and children. Paediatr Anaesth. 2003;13:152-63.

7. Tobias JD. Brachial plexus anesthesia in children. Paediatr
Anaesth. 2001;11:265-75.

8. Giaufré E, Dalens B, Gombert A. Epidemiology and morbidity of
regional anesthesia in children: a one-year prospective survey of
the French-Language Society of Pediatric Anesthesiologists.
Anesth Analg. 1996;83:904-12.

9. O’Donnell BD, McDonnell JG, McShane AJ. The transversus
abdominis plane (TAP) block in open retropubic prostatectomy.
Reg Anesth Pain Med. 2006;31:91-5.

10.

11.

12.

13.

14.

15.

16.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

McDonnell JG, O’Donnell BD, Farrell T, Gough N, Tuite D,
Power C, Laffey JG. Transversus abdominis plane block: a
cadaveric and radiological evaluation. Reg Anesth Pain Med.
2007;32:399-404.

McDonnell JG, O’Donnell BD, Curley G, Heffernan A, Power C,
Laffey JG. Analgesic efficacy of transversus abdominis plane
block (TAP) after abdominal surgery: a prospective, randomized
controlled trial. Anesth Analg. 2007;104:193-7.

McDonnell JG, Curley G, Carney J, Benton A, Costello J, Ma-
haraj CH, Laffey JG. The analgesic efficacy of transversus ab-
dominis plane block after cesarean delivery: a randomized
controlled trial. Anesth Analg. 2008;106:186-91.

Carney J, McDonnell JG, Ochana A, Bhinder R, Laffey JG. The
transversus abdominis plane block provides effective postopera-
tive analgesia in patients undergoing total abdominal hysterec-
tomy. Anesth Analg. 2008;107:2056—60.

Mukhtar K, Singh S. Transversus abdominis plane block for
laparoscopic surgery. Br J Anaesth. 2008;102:143—4.

Suresh S, Chan VW. Ultrasound guided transversus abdominis
plane block in infants, children and adolescents: a simple pro-
cedural guidance for their performance. Paediatr Anaesth.
2009;19:296-9.

Pak T, Mickelson J, Yerkes E, Suresh S. Transverse abdominis
plane block: a new approach to the management of secondary
hyperalgesia following major abdominal surgery. Paediatr Ana-
esth. 2009;19:54-6.

. Farooq M, Carey M. A case of liver trauma with a blunt regional

anesthesia needle while performing transversus abdominis plane
block. Reg Anesth Pain Med. 2008;33:274-5.

Tobias JD. Preliminary experience with transversus abdominis
plane block for postoperative pain relief in infants and children.
Saudi J Anaesth. 2009;3:2-6.

. Frederickson M, Seal P, Houghton J. Early experience with the

transversus abdominis plane block in children. Pediatr Anesth.
2008;18:891-2.

Hardy CA. Transversus abdominis plane block in neonates: is it a
good alternative to caudal anesthesia for postoperative analgesia
following abdominal surgery? Pediatr Anesth. 2008;19:56.
Taylor LJ, Birmingham P, Yerkes E, Suresh S. Children with
spinal dysraphism: transversus abdominis plane catheters to the
rescue. Pediatr Anesth. 2010;20:951-4.

Carney J, Finnerty O, Rauf J, Curley G, McDonnell JG, Laffey
JG. Ipsilateral transversus abdominis plane block provides
effective analgesia after appendectomy in children: a randomized
controlled trial. Anesth Analg. 2010;111:998-1003.

French JLH, McCullough J, Bachra P, Bedforth NM. Transversus
abdominis plane block for analgesia after cesarean section in a patient
with an intracranial lesion. Int J Obstet Anesth. 2009;18:52-4.
Trotter C, Martin P, Youngson G, Johnson G. A comparison
between ilioinguinal—-iliohypogastric nerve block performed by
anaesthetist or surgeon for postoperative analgesia following
groin surgery in children. Paediatr Anaesth. 1995;5:363-7.
Epstein RH, Larijani GE, Wolfson PJ. Plasma bupivacaine con-
centrations following ilioinguinal-iliohypogastric nerve blockade
in children. Anesthesiology. 1988;69:773-6.

Gunter JB, Gregg T, Varughese AM, Wittkugel EP, Berlin RE, Ness
DA, Overbeck DE. Levobupivacaine for ilioinguinal/iliohypogastric
nerve block in children. Anesth Analg. 1999;89:647-9.

Hannallah RS, Broadman LM, Belman AB, Abramowitz MD,
Epstein BS. Comparison of caudal and ilioinguinal/iliohypogas-
tric nerve blocks for control of post-orchidopexy pain in pediatric
ambulatory surgery. Anesthesiology. 1987;66:832—4.

Willschke H, Marhofer P, Bosenberg A, Johnston S, Wanzel O,
Cox SG, Sitzwohl C, Kapral S. Ultrasonography for ilioinguinal/
iliohypogastric nerve blocks in children. Br J Anaesth. 2005;95:
226-30.

@ Springer



122

J Anesth (2013) 27:109-123

29.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Weintraud M, Marhofer P, Bosenberg A, Kapral S, Willschke H,
Felfernig M, Kettner S. Ilioinguinal/iliohypogastric blocks in
children: where do we administer the local anesthetic without
direct visualization? Anesth Analg. 2008;106:89-93.

. Willschke H, Bosenberg A, Marhofer P, Johnston S, Kettner S,

Eichenberger U, Wanzel O, Kapral S. Ultrasonographic-guided
ilioinguinal/iliohypogastric nerve block in pediatric anesthesia:
what is the optimal volume? Anesth Analg. 2006;102:1680-4.
Hong JY, Kim WO, Koo BN, Kim YA, Jo YY, Kil HK. The
relative position of ilioinguinal and iliohypogastric nerves in
different age groups of pediatric patients. Acta Anaesthesiol
Scand. 2010;54:566-70.

Johr M, Sossai R. Colonic puncture during ilioinguinal nerve
block in a child. Anesth Analg. 1999;88:1051-2.

Jagannathan N, Sohn L, Sawardekar A, Ambrosy A, Hagerty J,
Chin A, Barsness K, Suresh S. Unilateral groin surgery in chil-
dren: will the addition of an ultrasound-guided ilioinguinal nerve
block enhance the duration of analgesia of a single-shot caudal
block? Paediatr Anaesth. 2009;19:892-8.

Frederickson MJ, Paine C, Hamill J. Improved analgesia with the
ilioinguinal block compared to the transversus abdominal plane
block after pediatric inguinal surgery: a prospective randomized
trial. Pediatr Anaesth. 2010;20:1022-7.

Smith BE, Suchak M, Siggins D, Challands J. Rectus sheath
block for diagnostic laparoscopy. Anaesthesia. 1988;43:947-8.
Ferguson S, Thomas V, Lewis 1. The rectus sheath block in
paediatric anaesthesia: new indications for an old technique?
Paediatr Anesth. 1996;7:211-4.

Courreges P, Poddevin F, Lecoutre D. Paraumbilical block: a new
concept for regional anaesthesia in children. Paediatr Anaesth.
1997;7:211-4.

Dolan J, Lucie P, Geary T, Smith M, Kenny GN. Accuracy of
local anesthetic placement by trainee anesthesiologists using loss
of resistance or ultrasound guidance. Reg Anesth Pain Med.
2009;34:247-50.

Willschke H, Bosenberg A, Marhofer P, Johnston S, Kettner SC,
Wanzel O, Kapral S. Ultrasonography-guided rectus sheath block
in paediatric anaesthesia—a new approach to an old technique. Br
J Anaesth. 2006;97:244-9.

De Jose Maria B, Gotzens V, Marbrok M. Ultrasound-guided
umbilical nerve block in children: a brief description of a new
approach. Pediatr Anesth. 2007;17:44-50.

Isaac LA, McEwen J, Hayes JA, Crawford MW. A pilot study of
the rectus sheath block for pain control after umbilical hernia
repair. Pediatr Anesth. 2006;16:406-9.

Skinner AV, Lauder GR. Rectus sheath block: successful use in
the chronic pain management of pediatric abdominal wall pain.
Paediatr Anaesth. 2007;17:1203-11.

Chayen D, Nathan H, Chayen M. The psoas compartment block.
Anesthesiology. 1976;45:95-9.

Kirchmair L, Enna B, Mitterschiffthaler G, Moriggl B, Greher M,
Marhofer P, Kapral S, Gassner I. Lumbar plexus in children. A
sonographic study and its relevance to pediatric regional anes-
thesia. Anesthesiology. 2004;101:445-50.

Marino J, Russo J, Kenny M, Herenstein R, Livote E, Chelly JE.
Continuous lumbar plexus block for postoperative pain control
after total hip arthroplasty. A randomized controlled trial. J Bone
Joint Surg. 2009;91:29-37.

Sciard D, Matuszczak M, Gebhard R, Greger J, Al-Samsam T,
Chelly JE. Continuous posterior lumbar plexus block for acute
postoperative pain control in young children. Anesthesiology.
2001;95:1521-3.

Dalens B, Tanguy A, Vanneuville G. Lumbar plexus block in
children: a comparison of two procedures in 50 patients. Anesth
Analg. 1988;67:750-8.

@ Springer

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Manion SC, Tobias JD. Lumbar plexus blockade in children. Am
J Pain Manag. 2005;15:120-6.

Walker BJ, Flack SH, Bosenberg AT. Predicting lumbar plexus
depth in children and adolescents. Anesth Analg. 2011;112:
661-5.

Greengrass R, O’Brien F, Lyerly K, Hardman D, Gleason D,
D’Ercole F, Steele S. Paravertebral block for breast cancer sur-
gery. Can J Anaesth. 1996;43:858-61.

Weltz CR, Klein SM, Arbo JE, Greengrass RA. Paravertebral
block anesthesia for inguinal hernia repair. World J Surg. 2003;
27:425-9.

Bigler D, Dirkes W, Hansen J, Rosenberg J, Kehlet H. Effects of
thoracic paravertebral block with bupivacaine versus combined
thoracic epidural block with bupivacaine and morphine on pain
and pulmonary function after cholecystectomy. Acta Anaesth
Scand. 1989;33:561-4.

Lonnqvist PA. Continuous paravertebral blocks in children. Ini-
tial experience. Anaesthesia. 1992;47:607-9.

Gilbert J, Hultman J. Thoracic paravertebral block: a method of
pain control. Acta Anaesth Scand. 1989;33:142-5.

Saito T, Gallagher ET, Yamada K, Tanuma K, Ogawa R. Broad
unilateral analgesia. Reg Anesth. 1994;19:360-1.

Richardson J, Vowden P, Sabanathan S. Bilateral paravertebral
analgesia for major abdominal vascular surgery: a preliminary
report. Anaesthesia. 1995;50:995-8.

Visoiu M, Yang C. Ultrasound-guided bilateral paravertebral
continuous nerve blocks for mildly coagulopathic patient under-
going exploratory laparotomy for bowel resection. Pediatr Anesth.
2011;21:459-62.

Brown RH, Tewes PA. Cervical sympathetic blockade after
thoracic intercostal injection of local anaesthetic. Anesthesiology.
1989;70:1011-2.

Saito T, Den S, Tanuma Y, Tanuma Y, Carney E, Carlsson C.
Anatomical bases for paravertebral anesthetic block: fluid com-
munication between the thoracic and lumbar paravertebral
regions. Surg Radiol Anat. 1999;21:359-63.

Richardson J, Sabanathan S. Thoracic paravertebral analgesia. A
review. Acta Anaesth Scand. 1995;39:1005-15.

Naja MZ, Lonnqvist PA. Somatic paravertebral nerve blockade:
incidence of failed block and complications. Anaesthesia. 2001;
56:1184-8.

Renes SH, van Geffen GJ, Snoeren MM, Gielen MJ, Groen GJ.
Ipsilateral brachial plexus block and hemidiaphragmatic paresis
as adverse effect of a high thoracic paravertebral block. Reg
Anesth Pain Med. 2011;36:198-201.

Berta E, Spanhel J, Smakal O, Smolka V, Gabrhelik T, Lonnqvist
PA. Single injection paravertebral block for renal surgery in
children. Paediatr Anaesth. 2008;18:593-7.

Nunn JF, Slavin G. Posterior intercostal nerve block for pain
relief after cholecystectomy. Anatomical basis and efficacy. Br J
Anaesth. 1980;52:253-60.

Burns DA, Ben-David B, Chelly JE, Greensmith JE. Intercostally
placed paravertebral catheterization: an alternative approach to
continuous paravertebral blockade. Anesth Analg. 2008;107:
339-41.

Moore DC. Intercostal nerve block for postoperative somatic pain
following surgery of thorax and upper abdomen. Br J Anaesth.
1975;47:284-6.

Rothstein P, Arthur GR, Feldman HS, Kopf GS, Covino BG.
Bupivacaine for intercostal nerve blocks in children: blood
concentrations and pharmacokinetics. Anesth Analg. 1986;65:
625-32.

Otto CW, Wall CL. Total spinal anesthesia: a rare complication
of intrathoracic intercostal nerve block. Ann Thorac Surg. 1976;
22:289-92.



J Anesth (2013) 27:109-123

123

69.

70.

71.

72.

Chaudhri BB, Macfie A, Kirk AJ. Inadvertent total spinal anes-
thesia after intercostal nerve block placement during lung
resection. Ann Thorac Surg. 2009;88:283—4.

Blechman KM, Zervos M. Post-thoracotomy Horner syndrome
associated with extrapleural infusion of local anesthetic. Interact
Cardiovasc Thorac Surg. 2009;9:309-10.

Shelly MP, Park GR. Intercostal nerve blockade for children.
Anesthesia. 1987;42:541-4.

Matsota P, Livanios S, Marinopoulou E. Intercostal nerve block
with bupivacaine for post-thoracotomy pain relief in children. Eur
J Pediatr Surg. 2001;11:219-22.

73.

74.

75.

Bricker SR, Telford RJ, Booker PD. Pharmacokinetics of
bupivacaine following intraoperative intercostal nerve block in
neonates and in infants aged less than 6 months. Anesthesiology.
1989;70:942-7.

Maurer K, Rentsch KM, Dullenkopf A, Pretre R, Schmid ER.
Continuous extrapleural infusion of ropivacaine in children: is it
safe? Can J Anaesth. 2005;52:112-3.

Downs CS, Cooper MG. Continuous extrapleural intercostal
nerve block for post thoracotomy analgesia in children. Anaesth
Intensive Care. 1997;25:390-7.

@ Springer



	Ultrasound-guided trunk and core blocks in infants and children
	Abstract
	Introduction
	Regional anesthesia of the core and trunk
	Transversus abdominis plane block
	Introduction
	Indications
	Anatomy and technique
	Complications
	Pediatric reports
	Summary

	Ilioinguinal/iliohypogastric nerve block
	Introduction
	Indications
	Anatomy and technique
	Complications
	Pediatric reports
	Summary

	Rectus sheath block
	Introduction
	Indications
	Anatomy and technique
	Complications
	Pediatric reports
	Summary

	Lumbar plexus block
	Introduction
	Indications
	Anatomy and technique
	Complications
	Pediatric reports
	Summary

	Paravertebral block
	Introduction
	Indications
	Anatomy and technique
	Complications
	Pediatric reports
	Summary

	Intercostal nerve block
	Introduction
	Indications
	Anatomy and technique
	Complications
	Pediatric reports 
	Summary


	Overall summary
	Acknowledgments
	References


