Regional anaesthesia in children: an update
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Abstract

Regional anaesthesia for children continues to grow in popularity. The potential benefits of regional anaesthesia over more
conventional methods are well recognised, but the level of evidence is small since there are few well designed randomised
controlled studies on infants or children. Practice patterns have changed over the past decade. Peripheral nerve blocks
are increasingly more favoured than neuraxial blocks. This change has been fuelled by the lower reported incidence
of complications associated with peripheral nerve blocks, and is also in keeping with the increase in laparoscopic and
thoracoscopic surgery. There has been renewed interest in children following recently described transversus abdominis
plane, maxillary nerve and lumbar plexus blocks. The analgesic effect of a “single-shot” block is limited to approximately
five hours, irrespective of whether or not bupivacaine, ropivacaine or levobupivacaine are used. Peripheral nerve catheters
and adjuvants are two options that are used to prolong the duration of analgesia. Clonidine and ketamine have essentially
replaced opiates as the most popular adjuvant in many institutions. Technological advancements are likely to make regional

anaesthesia both safer and easier to perform in the future.

© SASA

Introduction

Worldwide paediatric regional anaesthesia continues to
evolve. In some countries, regional anaesthesia forms part
of the anaesthetic culture, and it is almost expected that
analgesia is provided for children after surgery. The use of
regional anaesthesia in children remains limited in some
institutions because of the perception that the advantages
of regional anaesthesia over opiate analgesia'? are not
worth the potential risks. Although different, the incidence
of risk associated with regional anaesthesia is remarkably
similar to that of opiate analgesia, i.e. approximately one
per 1 000, based on recent multicentre surveys.®*

When choosing regional anaesthesia, the risks and benefits
of any technique must be weighed against the risks and
benefits of other forms of analgesia. Many factors influence
the choice of technique, and include the age and general
condition of the patient, the severity and site of the pain,
informed consent, the skill of the provider, and whether or
not any contraindication to regional anaesthesia exists. In
making the choice, the anaesthesiologist should also take
into account availability of the equipment, facilities and the
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level of available monitoring and nursing care.? In general
terms, a peripheral nerve block is considered to be safer
than a neuraxial block.

Benefits

Untreated pain has several deleterious effects, whereas
effective pain relief may play an important role in surgical
outcome. Regional anaesthesia is almost universally
employed to provide analgesia, but it may also be used for
its autonomic and motor effects in special circumstances.
Surgical stress, if untreated, produces a spectrum of
autonomic, hormonal, metabolic, immunological or inflam-
matory, and neurobehavioural consequences. Regional
anaesthesia is most effective in obtunding this response.

It is difficult to show clear, evidence-based benefits of
regional anaesthesia over those pertaining to other forms
of analgesia."*® With respect to the pyramid of evidence,
apart from many single-institution case series, retrospective
reviews and anecdotal reports, few prospective randomised
control studies have compared regional with general
anaesthesia or systemic analgesics in children.?2 Those
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that have been performed are often underpowered, have
different and varying end-points, and are usually from single
institutions. Another confounding factor is that more surgery
is being carried out laparoscopically or thoracoscopically,
requiring a different analgesic technique than open
laparotomy or thoracotomy.®1?

Bearing this in mind, there is some evidence to suggest
that the benefits of regional anaesthesia in children include
haemodynamic stability and a reduction in minimum alveolar
concentration, less need for muscle relaxants, the absence
of respiratory depression with some evidence of respiratory
stimulation, less need for postoperative ventilatory support
after major surgery (particularly thoracotomy), an earlier
return of gut function and subsequent feeding, enhanced
suppression of the metabolic stress response and less
immunodepression, in addition to the economic benefits of
a shorter intensive care unit and hospital stay."?

Education

Success in regional blockade involves placing “the right
dose of the right drug in the right place”.” To achieve this
goal, individual practitioners require sufficient education and
training to acquire the confidence to practise independently.

Anatomy remains the foundation on which regional
anaesthesia is built. Paediatric anatomy is somewhat
different from adults, and evolves as the child grows.™ On the
positive side, most nerves are superficial and can therefore
be better defined with high-frequency ultrasound. Nerve
mapping is also easier for practitioners who are restricted
to nerve stimulation when nerves are superficial.™ While
ultrasound guidance has virtually become the standard of
care in the developed world, nerve stimulation still has its
place. After all, not so long ago peripheral nerve stimulators
were regarded a major advance, both as a teaching aid
and as a means of improving the success rate of peripheral
nerve blocks.'

An understanding of anatomy, pattern recognition, hand-
eye coordination and optimal needle visualisation remains
the hallmark of safe ultrasound-guided practice. To perform
an ultrasound-guided block depends primarily on the
operator’s ability to locate the nerve, to follow and advance
the needle tip towards the target nerve, and to a lesser
extent, on the available ultrasound equipment and needle.
As the use of ultrasound expands, the best method of
teaching is worth considering.

To date, training in ultrasound-guided nerve blocks has
not been standardised.'® Guidelines have been suggested,
but most are aimed at practice for adults.'®* The role
of phantoms in teaching ultrasound-guided regional
anaesthesia has recently been reviewed.?! Simulation of
needle control on phantoms is popular and cost-effective,
without risk to patients. But they are not ideal since lack of
background echogenicity greatly enhances needle visibility

that does not resemble the clinical situation.?’ Animal
models and fresh frozen cadavres are expensive, but are
more realistic.?’ However, the use of paediatric cadavres is
not an option. The plethora of workshops that have become
available are mainly adult orientated and invariably offer
the basics only. Time allocated for individual hands-on
experience is usually limited and seldom involves needle
insertion into live models.

The ideal is experience gained clinically under expert
guidance. These opportunities remain limited to a minority
of institutions worldwide. In the author’s opinion, the
suggested need for ultrasound certification should not
become a requirement unless there is real evidence
that ultrasound-guided blocks are truly safer than nerve
stimulator techniques.

Quality improvement

In this era of evidence-based medicine, coupled with clinical
practice that is becoming increasingly risk averse,? quality
improvement and the safety of regional anaesthesia should
be an important focus, both now and in the future. Should
regional anaesthesia remain the domain of enthusiasts, or
should it be more widely adopted and become standard
practice? This remains a topic for debate. Regional
anaesthesia clearly has wide-ranging benefits,! but requires
technical expertise that is still not universally taught. 62

A review of four large prospective multicentre surveys,
two from the Association Des Anesthésistes Réanimateurs
Pédiatriques  d’Expression  Frangaise =~ (ADARPEF)
(Association of French Speaking Paediatric Anaesthetists)
that are representative of two different eras,?? one from
the UK,®* and more recently from the Pediatric Regional
Anesthesia Network (PRAN) in the USA,'®"?" show a
remarkable similar incidence of non-life-threatening
complications. The initial ADARPEF study, published in
1996, represented regional anaesthesia prior to the advent
of ultrasound guidance.? The most recent ADARPEF study,
using the same methodology and comprising 31 132
regional blocks, reported the increased use of peripheral
nerve blocks and continuous nerve blocks.? The PRAN, now
with more than 40 000 blocks in its database, has shown
a similar trend, probably indicative of the increased use of
laparoscopic surgery, or prompted by fewer complications
associated with peripheral nerve blocks noted in earlier
surveys.2:%

What has not been resolved, despite the many advantages
of ultrasound, is whether or not ultrasound-guided blocks
are safer than those performed using a nerve stimulator.
Meta-analyses of early paediatric studies and those
featuring adults were inconclusive.?° Ultrasound-guided
nerve blocks are the fashionable expectation in our gadget-
orientated society and have virtually become the standard
of practice in affluent societies. But less affluent societies
should not abandon nerve stimulation and forsake more
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important equipment, such as pulse oximetry,®® for the
relatively small gain provided by ultrasound.

New approaches

A special themed issue of Pediatric Anesthesia and recent
reviews®'3* have focused on various aspects of regional
anaesthesia in infants and children. Written by experienced
practitioners, and including manuscripts on neuraxial
(epidural, caudal and spinal) and peripheral nerve blocks
(upper and lower limb, and truncal), as well as head and
neck blocks, all of them are valuable resources. Renewed
interest in peripheral nerve blocks recently described in
children is the focus of this manuscript.

Maxillary nerve block

Cleft palate surgery is not only painful, but may also
compromise the airway, particularly in children with
craniofacial syndromes. Opiate analgesia has the potential
to further compromise the airway, whereas bilateral
maxillary nerve block can provide analgesia without the risk
of respiratory depression in these vulnerable patients. The
approach to the maxillary nerve differs to that in adults since
the facial configuration in infants undergoes changes with
growth and development. Thus, bilateral maxillary nerve
block is performed using a suprazygomatic approach,®
and is based on a computer tomography study.*® Despite
the bony nature of the area, an ultrasound approach is also
feasible.’” The block is remarkably easy to perform. Early
indications suggest a low complication rate, and it also
seems to improve pain relief, to decrease the perioperative
consumption of opioids, and to favour early feeding
resumption after cleft palate repair in infants.%

Transversus abdominis plane blocks

The transversus abdominis plane block (TAP) has recently
been described for pain management following abdominal
surgery in infants and children.®#! The mid-axillary line in-
plane approach used in adults for the ultrasound-guided
TAP block is not always feasible in small children because
access to the space between the thoracic cage and the iliac
crest is limited. An anterior-posterior, in-plane approach,
with the probe almost vertical to the bed, is more user-
friendly in infants and children.%:%

The appropriate dosing guidelines and the extent of spread
of local anaesthesia have been the subject of debate,* and
may explain the mixed success achieved with this block when
used for upper and lower abdominal surgery. The extent of
the spread using 0.2 ml/kg, the recommended paediatric
guideline, has been questioned.®** The unpredictability
of TAP blocks was demonstrated in a recent study, where
the dermatomal spread was assessed in 35 blocks using
0.4 ml/kg.“° The median level of blockade ranged from T10
to L1 in 75% of the children. Therefore, it has been argued
that TAP blocks should be offered for lower abdominal
surgery only.*’ In my opinion, TAP blocks are most useful for

open appendectomy, colostomy closure, inguinal and other
lower abdominal surgery.

While technically challenging in neonates because of their
compliant abdominal wall, TAP blocks have been used
as an alternative to neuraxial blocks or wound infiltration
to provide analgesia for both major and minor neonatal
surgery.*!

Lumbar plexus blocks

Lumbar plexus blocks are considered to be difficult blocks
to perform in view of the potential risks involved.***” The
femoral, obturator and lateral femoral cutaneous nerves
that supply the anterior aspect of the lower limb are more
reliably blocked with a lumbar plexus block than a three-in-
one block. Several approaches to the lumbar plexus that
rely on bony contact with the transverse process of L4 have
been described in adults. The transverse processes are not
fully developed in children, and using the transverse process
as a guide, place the needle too medial, increasing the risk
of puncturing a dural cuff on the spinal roots or retrograde
epidural spreading to the opposite side.*

Ultrasound guidance, while feasible, is limited to younger
children because the definition obtained with linear probes
from portable ultrasound units is inadequate for accurate
placement if the lumbar plexus is deeper than 4-5 cm. Many
advocate combining ultrasound with a nerve stimulator.
An approach that the author has found to be useful is a
modification of Winnie, Ramamurthy, Durani and Radonjic’s
approach.® With the child in a lateral position, an insulated
needle that is inserted perpendicular to the skin at the
point where a line drawn from the posterior superior iliac
spine, parallel to the spinous processes of the vertebrae,
intersects the intercristal (Touffier’s) line, will advance
through the posterior lumbar fascia, paraspinous muscles,
anterior lumbar fascia, quadratus lumborum and into the
psoas muscle.* Passage through these fascial layers may
be detected by distinct “pops” when using a short bevelled
needle. Quadriceps muscle twitches in the ipsilateral thigh
are sought, confirming stimulation of the lumbar plexus.
The depth from the skin to the lumbar plexus is
approximately the same distance as that of the posterior
superior iliac spine to the intercristal line.** The depth of the
needle is emphasised because of complications associated
with wayward needle advancement into the peritoneum or
retroperitoneum which may result in a renal haematoma,
vascular puncture (retroperitoneal haematoma), or even
bowel puncture.

Methods to increase the duration of
analgesia
Continuous peripheral nerve blocks

Continuous peripheral nerve catheters have not been
readily available for use in children until recently. Nowadays,
continuous postoperative pain management or pain
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therapy is feasible in older children and adolescents,
but improvement is still necessary in infants and small
children.“®% The main indications are children undergoing
procedures or with conditions®' that are associated with
significant or prolonged postoperative pain, and to improve
peripheral perfusion after microvascular surgery or in
vasospastic disorders involving the limbs. Patient-controlled
analgesia is also feasible in selected cases. Continuous
infusion has also been used to provide analgesia in order
to allow physical therapy in cases involving chronic regional
pain syndromes. The blood level of local anaesthetic agents,
reached during continuous brachial plexus infusion, is less
than that reached during continuous epidural analgesia.
Accurate placement can be confirmed with real-time
ultrasound imaging or fluoroscopically.

The main indication for the lower extremity block has been
the management of femur fractures®®* or major trauma that
involves the lower limb. Catheters have also been placed
in the lumbar plexus®® or fascia iliaca compartment® to
provide unilateral analgesia of the hip or thigh. The fixation
of catheters for continuous use is considered to be easier on
the lower extremity,* particularly for lumbar plexus blocks.*

Ideally, a commercially available kit should be used as
it allows the use of a nerve stimulator to identify the
nerve sheath prior to placement of the catheter. Several
manufacturers now provide insulated Tuohy® needles of
child-friendly length through which an appropriate-sized
catheter can be passed. The role of stimulating versus non-
stimulating catheters for continuous peripheral nerve blocks
is the subject of ongoing research.

The recommended dosage for continuous infusion after an
initial bolus dose is 0.1-0.2 ml/kg/hour of either bupivacaine
or levobupivacaine (0.125-0.25%) or ropivacaine (0.15-
0.2%). Generally, the lower rates are used for upper
extremity catheters, and the higher rates for lower extremity
nerve or plexus analgesia. The infusion rate may be
adjusted, as needed, up to the maximum recommended
infusion rate of 0.2 mg/kg/hour for infants younger than six
months of age, and 0.4 mg/kg/hour for children older than
that.®® Elastomeric devices or disposable infusion pumps
that may be programmed to deliver local anaesthetic
based on the child’s weight are currently available, and
may offer an option for outpatient paediatric pain control in
the future.®® To date, the reported complications have been
low, but include catheter-induced infection, particularly in
immunocompromised patients, haematoma formation,
catheter breakage or knot formation on removal.

Adjuvants

Adjuvants are drugs that increase the efficacy or potency
of other drugs, when given concurrently. They are used
firstly to prolong the duration of analgesia after a single-
shot caudal block, and secondly, to improve the quality
of the analgesia, while allowing lower local anaesthetic

concentrations to be used, thereby reducing the unwanted
side-effects of local anaesthetics, such as motor blockade
and local anaesthetic toxicity.

Single-shot caudals with bupivacaine, ropivacaine or
levobupivacaine are safe and effective, but only provide
analgesia for 4-6 hours.® Since continuous infusion of local
anaesthetic agents has a relatively narrow margin of safety
in young infants and children, a variety of agents have been
used as adjuvants to prolong the analgesic efficacy of
caudal, neuraxial, and even peripheral nerve blockade.5-¢
In choosing an adjuvant, the anaesthesia provider must
balance the benefits against the potential risks, taking
into account the age of the child, the impact of the co-
morbidities, available facilities, and whether or not the child
is to be managed in hospital or at home.

Based on current evidence, it is difficult to reach consensus
on the most effective adjuvant. There is even less evidence
when combinations are used. Most studies on children have
used minor surgery (inguinal hernia repair and circumcision)
under caudal block as the clinical research model. The
heterogeneity of these studies, both in terms of the type
and concentration of local anaesthetic agent, as well as
the dose of adjuvant used, are all confounding factors that
make meta-analyses difficult.5® The studies also vary
according to the nature of surgery, the premedication used,
the method of pain assessment and the age range of the
children. Two surveys of members of the Association of
Paediatric Anaesthetists of Great Britain and Ireland have
demonstrated an increase over the past decade in the use
of adjuvants to enhance the analgesia provided by a caudal
block from 58%% to alImost 80%.7°

Although many other agents have been studied, the most
effective agents in clinical practice are opiates (morphine
and diamorphine), and clonidine and ketamine. Clonidine
and ketamine have become increasingly popular, while
opiates seem to be on the decline, predominantly for their
unwanted side-effects.®®’® Ketamine, particularly racemic
ketamine, despite its popularity in some countries, may
suffer a similar fate to that of morphine, in view of concerns
relating to neurotoxicity.

Clonidine, an alpha 2 agonist, has sedative, analgesic and
antihypertensive properties, and is commercially available
as a preservative-free preparation. There is good evidence
that the major effect of clonidine is mediated at spinal cord
level.”"72 Clonidine 1-2 pg/kg is effective, and typically
doubles the duration of the local anaesthetic agent. Higher
doses are associated with increasing sedation, bradycardia,
hypotension and a risk of apnoea, particularly in neonates
and infants. Clonidine 0.1 pg/kg/hour enhances the
analgesia of diluted continuous epidural infusion of 0.1%
bupivacaine or ropivacaine.t”737

A meta-analysis of 20 randomised controlled trials,
published between 1994 and 2010, which included 993
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patients aged 2-6 years undergoing urogenital or lower
limb surgery, showed a longer duration of postoperative
analgesia in those receiving clonidine 0.1 pg/kg in addition
to a local anaesthetic [mean difference (MD): 3.72 hours;
95% confidence interval (Cl): 2.61-4.84, p-value < 0.00001],
with a lower risk of rescue analgesia [relative risk (RR): 0.72,
95% Cl: 0.57-0.90, p- value 0.003] than local anaesthetic
alone.®”

Clonidine seems to have a large margin of safety based on
three cases where 100 times the intended dose of caudal
clonidine was administered to children aged 14 months to
five years, without any untoward cardiorespiratory effects.
All were somnolent for 24 hours and made a full recovery.”™
Several cases of respiratory depression and apnoea have
been reported in preterm and term neonates, probably
relating to immature respiratory control and central
sedation.”®’” Therefore, clonidine is not recommended
for infants, particularly preterm infants younger than three
months of age, in view of this risk of apnoea.

Ketamine, a noncompetitive spinal N-methyl-D-aspartate
and mild mu receptor agonist, is most effective as an
adjuvant for caudal block at doses of 0.25-1 mg/kg.%7 The
same dose given intravenously has a much shorter duration
of action, but ketamine can exceed clonidine if given
caudally.” Higher doses increase the incidence of unwanted
side-effects (sedation, hallucinations, nystagmus, nausea
and vomiting), with little further improvement in analgesia.

In a similar quantitative review and meta-analysis of 13
randomised controlled trials published between 1991
and 2008, that included 584 patients aged 2-12 years
undergoing urogenital or lower limb surgery, ketamine 0.25-
0.5 mg/kg, combined with a single dose of local anaesthetic
(ropivacaine or bupivacaine), had a longer duration of
analgesia (MD: 5.6 hours, 95% CI: 5.45-5.76, p-value
< 0.00001) with a lower relative risk of rescue analgesia
(RR: 0.71, 95% Cl: 0.44-1.15, p-value 0.16), than local
anaesthetic alone, despite the heterogeneity of groups in
the different studies.®®

The preservatives, benzethonium chloride and chlorbutanol,
in the commercially available product were implicated in the
histopathological changes demonstrated in animal models,
but not in humans. This has raised concerns in some
quarters. Despite numerous studies showing no ill effects,
as a result, ketamine is no longer recommended as an
adjuvant in Germany, Switzerland and Austria. Preservative-
free racemic ketamine and S(+)-ketamine are available in
some countries. S(+)-ketamine has twice the analgesic
potency of the racemate, with fewer side-effects.”

Although both clonidine and ketamine increase the duration
of analgesia, when used in combination, S(+)-ketamine
and clonidine can provide satisfactory analgesia for up to
20 hours. To put this into perspective, it is worth considering
that other regional techniques, such as a penile, TAP, and
ilioinguinal block, may offer longer or comparable duration
of analgesic without the concerns just outlined.808!

It is difficult to advocate the use of other drugs that contain
potentially harmful preservatives, or any drug that has
not undergone proper safety evaluation. Agents such as
midazolam,®82 neostigmine,®8 and to a lesser extent,
tramadol and buprenorphine, fall into this category. They all
produce a limited increase in analgesia, but are associated
with an unacceptably high incidence of nausea and
vomiting.

Peripheral nerve block adjuvants

A variety of adjuvants have been used to supplement local
anaesthetics in peripheral nerve blocks, with mixed results.
A qualitative systematic review of 27 studies in adults,
where clonidine was used in peripheral nerve blocks, was
proved to be inconclusive.®

Until recently, there have been few studies on children. In
a retrospective audit of 220 children at one institution aged
2-19 years who received clonidine in combination with
bupivacaine or ropivacaine for a variety of blocks (brachial
and lumbar plexus, femoral, fascia iliaca or sciatic nerve), it
was found that the sensory block was extended by a few
hours, but the incidence of motor block was increased,
when compared to the 215 children who had received plain
bupivacaine or ropivacaine.®

Clonidine did not prolong the duration of ilioinguinal blocks
with 0.25% bupivacaine in 98 children aged 1-12 years
undergoing inguinal hernia surgery.®”8 Clonidine did not
improve the quality of analgesia, but prolonged the duration
of analgesia of an axillary block with 0.2% ropivacaine in
30 children aged 1-6 years.®

These findings are not surprising since there are no alpha
2-adrenergic receptors in peripheral nerves.®® Based
on animal studies, the mechanism of action is thought
to be either vasoconstriction ® or possibly membrane
hyperpolarisation-activated cation currents.%' %2

Summary

Paediatric regional anaesthesia continues to grow,
particularly in the day surgery setting, because of the many
outlined advantages.? Patient safety should remain the
focus when performing regional anaesthesia. The choice of
regional technique should be considered within the context
of risk versus benefit, based on the age of the child, the
nature of the surgery, the available facilities and equipment,
and the skill of the practitioner.

In the future, technological advances will improve the image
quality of ultrasonograhy. The challenge in the future will be
to determine which modality will be the most cost-effective
to further broaden the horizons of paediatric regional
anesthesia.

Regional anaesthesia cannot move forward without the
support of the whole surgical team. Education at all levels
is essential, e.g. surgeon and nurse, patient and family, and
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anaesthetic colleagues and trainees, particularly when a
continuous infusion is used. A successful block sells itself.
The future challenge will be to achieve success safely and
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