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PAIN MANAGEMENT IN PAEDIATRIC PATIENTS

A. R. LLOYD-THOMAS

There has been considerable discussion in both
the medical and lay press on the adequacy of pain
relief for children, especially neonates. This
article reviews the application of analgesic tech-
niques for children in acute pain, but considers
neonates separately.

Is current pain management adequate ?
There is substantial evidence that pain is

undertreated in children [21, 67, 101, 127, 139,
169,177,196,214,216]. Indeed, direct com-
parisons of analgesic usage between adults and
children show consistently that children receive
fewer, less frequent and smaller doses of potent
opioids, whilst minor analgesics are given much
earlier in the postoperative course [21, 139, 196].
Infants are even more likely to be undermedicated
[21, 196]. The reasons for withholding analgesia
are numerous and include an overriding concern
that patients may be harmed by the use of these
drugs, a persistent notion that children do not
respond to pain to the same degree as adults, and
errors in dosage frequency and route of admini-
stration [167]. Fears of respiratory depression,
cardiovascular collapse, depressed levels of con-
sciousness and ultimately addiction lead both
nursing [3, 37, 45, 50, 67, 127, 140, 239] and
medical staff [136] to limit prescription of potent
analgesics. It is hardly surprising, therefore, that
conventional management of pain in children is
inadequate and the study reported by Mather and
Mackie [139] is probably typical of practice in
many units (75 % of children were in pain on the
day of surgery, 13% of them in severe pain; on
the first day after operation 17% were in severe
pain).

A first step in improving the management of
patients must be an improved ability to assess
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pain, especially in the younger pre-verbal child
for whom communication of discomfort is very
difficult.

TECHNIQUES OF PAIN ASSESSMENT

Children may respond to pain by withdrawal,
possibly expecting that pain is normal and has to
be tolerated or, for example, because of fear of
further discomfort associated with conventional
i.m. administration of analgesic. Withdrawal is
interpreted by attending staff as an indication of
comfort and that the child is "coping well" [139].
To overcome these problems and to facilitate
analgesic research in children, a number of pain
scales have been developed which rely upon self-
reporting or behavioural indices. There are,
however, problems in quantification of pain in
children. First although observer behavioural
rating may be used to assess pain, self-reporting
is necessary also to overcome the covert aspects of
pain as mentioned in the example above. Second,
the differentiation between anxiety and pain may
be very difficult [108]. Third, developmental
changes in the response to pain by the child may
render certain measures invalid for different age
groups.

Self-reporting scales rely upon visual analogue,
sensory association and verbal response. Several
variations of visual analogue scales have been
developed for children; these range from a
thermometer-like scale [103], a 10-cm scale [2],
to a sequence of faces (fig. 1) [34, 143]. Sensory
association relies upon colour choice (most chil-
dren associating pain with red) and this technique
has been advocated by several workers [67, 143,
199]. Simple association schemes may not be
useful in older children [194] whose response to
problem solving has become analytical rather than
intuitive [199]. Verbal reporting scales have been
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FIG. 1. Visual analogue scale, as a sequence of faces, designed for use in young children [143].

applied widely in children older than 5 yr [91,
143]. They should be limited to a maximum of
five categories as even adults find more complex
scales difficult to use [245].

Behavioural observation methods circumvent
the potential comprehension difficulties inherent
in any paediatric self-reporting scale. They are
also unobtrusive, independent of verbal skills,
reflect the social environment and may be more
objective. Several systems are available, includ-
ing : Procedural Behavioural Rating Scale (PBRS)
[108], Observational Scale of Behavioural Distress
(OSBD) [103], Procedure Behaviour Checklist
(PBCL) [116], Childrens' Hospital of Eastern
Ontario Pain Scale (CHEOPS) [129], Infant Pain
Behaviour Rating Scale (IPBRS) [52], and scales
based upon facial expression (Affex) [99]. Several
authors have reported useful correlation between
behaviour observation and self-reporting scales
[34, 143], but there appears to be less agreement
between the methods in only mild or moderate
pain [34].

These scales may be promising in pain research
and in increasing awareness of pain in the clinical
setting. They are not without limitations: they
may be specific to the setting in which they have
been developed [109] and may not encompass
changes in pain behaviour which occur in older
children (for example, the change from diffuse
vocal protest and movement in young children to
more specific complaints and muscular rigidity in
older children [108]). For a comprehensive review
the reader is directed to Ross and Ross [187].

Having identified the severity of pain, a sys-
tematic approach to its treatment is dependent
upon an understanding of the physiology of pain
transmission.

MECHANISMS OF PAIN TRANSMISSION

Physiological research using microneurographic
recordings in humans [222] has clearly identified
a class of cutaneous receptors, termed nocio-
ceptors [206]. Both by the direct effect of the

stimulus and by indirect effects of chemical
mediators, nociceptors encode the occurrence,
intensity, duration and location of the noxious
stimulus. Transmission of this information to the
central nervous system is by myelinated (A5
fibres) and unmyelinated (C fibres) nerves which
subsequently enter the dorsal horn of the spinal
cord and terminate within the outermost laminae
of die spinal grey matter, the marginal layer and
the substantia gelatinosa [20]. Profuse contacts
are then made with two types of spinal cord
nociceptive cells [247]. The nociceptive specific
cell, which is believed to respond only to noxious
input, projects via the ventrolateral quadrant
of the spinal cord, through the ventroposterior
thalamus to the postcentral gyrus [49]. The wide
dynamic range cell responds differently to noxious
and non-noxious stimuli and projects indirectly to
a large number of higher centres, including the
reticular formation and thalamus [232]. Rostrad
transmission of noxious stimuli by these padiways
is modulated by the convergence of non-noci-
ceptive inputs [233], together with powerful
segmental and supraspinal controls [73, 74] the
actions of which are mediated chemically by
monoamines and endogenous opioids acting at
receptors sited extensively in the areas of the
central nervous system involved in pain trans-
mission [20]. For further detail, the reader is
directed to the excellent review by Besson and
Chaouch [20].

These observations allow a logical approach to
die pharmacological control of pain, but the
questions of critical interest to all involved in the
management of pain in children are: how rapidly
does this complex system of pain perception
develop, and how does growth and development
influence the response to interventions aimed at
relieving pain?

DO NEONATES FEEL PAIN ?

Until recently diere was a widespread consensus
which suggested that neonates are not capable of
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feeling pain. This opinion was supported by
evidence, from many sources: that neonates may
cry for a short period, even after major surgery,
but they soon settle and sleep, especially if they
can be fed [88]; that the response to a painful
stimulus was decorticate, often until at least 6
months of age [130]; that there is little response to
minor surgery undertaken without anaesthesia or
any form of pain relief [151]; that the pain
pathways, especially thalamocortical radiations,
were not developed and myelination of those
pathways which did exist was far from complete
[221]; and that there are higher concentrations of
endogenous opioids in plasma [53,235] and
cerebrospinal fluid [165] which, coupled with
immaturity of the blood—brain barrier, may lead
to modulation of pain perception [88]. It has also
been argued that immaturity of pain perception is
a physiological mechanism designed to protect the
neonate from the trauma of birth [24]. The
concept that neonates do not feel pain was very
convenient, in that pain relief could justifiably be
withheld and the well recognized dangers of
giving powerful analgesics to these patients could
therefore be circumvented. Indeed, this practice
may be reinforced by physicians who routinely
perform painful procedures and who reduce their
own sympathetic distress by cognitive restruc-
turing which is expressed as a disbelief in the
subjective distress of the infant [166].

However, there is an increasing body of scien-
tific evidence which suggests that neonates do
respond to noxious stimuli, and which refutes the
concept of an inability to perceive pain. Indeed,
the expression of distress in response to tissue
damage is of utmost importance to the survival of
an organism and logically it should, therefore, be
present at birth or develop rapidly thereafter [99].
Observations of movement [173], cardiovascular
variables [72, 95, 242], facial expression [64, 100]
and crying [121, 172,237] have all suggested a
significant adverse response to painful procedures
(e.g. circumcision and heel lancing) in neonates
and infants. Furthermore, the response to cir-
cumcision may be minimized by administration of
local anaesthetic blocks [95, 146, 178, 242], clearly
suggesting that nociceptive mechanisms are well
developed in neonates. Further neuroanatomical,
neurophysiological, neurochemical, hormonal,
metabolic, physiological and behavioural evidence
supporting this view is cited in the excellent
review by Anand and Hickey [5]. Whilst caution
is required in interpreting the assertion that

metabolic and hormonal responses to surgery may
be an indication of central pain perception [7], the
extensive data which now exist move the burden
of proof to those who maintain that nociception is
not developed in neonates.

PAIN RELIEF IN NEONATES

Surgical operations, invasive procedures or the
need for intensive care may give rise to a
requirement for analgesia in neonates. Indeed, it
has been shown that opioid administration can
minimize the cardiovascular response to surgery
[182, 248] and blunt harmful increases in pul-
monary vascular resistance during tracheal suc-
tion [92], and it has also been suggested that the
clinical outcome of premature neonates having
major surgical operations is improved by modi-
fying the hormonal and metabolic stress response
with opioid analgesics [6]. However, there is an
increased susceptibility in neonates to the de-
pressant properties of opioids [23S], and there are
numerous anecdotal reports of profound res-
piratory depression following administration of
opioids. This enhanced sensitivity may be caused
by altered pharmacokinetics from immature ex-
cretory pathways [51, 54, 111, 112, 124, 125, 164,
229], increased permeability of the immature
blood-brain barrier [115, 192], increased concen-
trations of endogenous opioids in blood and CSF
[53, 165] and changes in the proportion of Mu-1
(analgesia) and Mu-2 (respiratory depression)
opioid receptors during early neonatal life. Ex-
perimental studies suggest that the proportion of
Mu-1 receptors is low at birth [120, 168], thereby
increasing the risk of respiratory depression.
Accordingly, the increased sensitivity to opioids
suggests that these patients be considered in two
groups, namely those receiving respiratory sup-
port and those breathing spontaneously.

Neonates receiving respiratory support

Respiratory support with intermittent positive
pressure ventilation (IPPV) removes the risk of
harmful effects from opioid-induced respiratory
depression. Indeed, suppression of respiratory
drive may be useful in facilitating accommodation
with IPPV, thus diminishing the need for neuro-
muscular blocking drugs. Other potential benefits
of the administration of opioids (especially for
major surgery) [4,6] may be considered to
outweigh the advantages of resuming spontaneous
ventilation following the operation. This decision
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and the ability to meet a consequent increase in
the demand for respiratory support depend upon
local circumstances; however, all neonates should
be cared for in designated units with the expertise
necessary to manage artificial ventilation.

Fentanyl has now been used widely in neonates
and its administration is associated with cardio-
vascular stability even after high doses used
during cardiac surgery (up to 50 ug kg"1) [182].
Blunting of the cardiovascular response to surgery
(for up to 120 min) can be achieved with an initial
dose of 12.5 ug kg"1 [248] and the pulmonary
response to tracheal suction by a dose of 25 ug
kg"1 [92]. Both authors reported that cardiac
output and systemic vascular resistance were
unaltered by fentanyl, although Yaster [248]
observed an initial decrease in heart rate (13%)
and arterial pressure (9%) in all his patients
irrespective of the dose administered (2.5-12.5 ug
kg"1). Depression of baroreflex heart rate control
has been observed after fentanyl 10 ug kg"1 [160]
and this may be involved in the cardiovascular
changes noted by previous workers [248]. For
sedation and analgesia during intensive care an
infusion rate of 2—4 ug kg"1 h"1 has been found to
be useful and associated with cardiovascular
stability. Evidence suggests that the volume of
distribution and total body clearance are greater
in neonates than in adults [111] and therefore a
larger initial dose may be required to achieve a
given plasma concentration. However, excretion
is delayed because the elimination half-life of
fentanyl is prolonged in neonates (129 min adults,
233 min neonates) [111] and may be even longer
in pre-term babies [51], although there were large
interpatient differences in both studies.

Morphine has been used successfully in neo-
nates receiving IPPV. Several groups have shown
that the mean elimination half-life of morphine is
significantly longer in neonates (6-7 h) than older
infants (3-4 h) and adults (2 h) [112,125,229].
Whilst clearance values are smaller in neonates
compared with adults, the volume of distribution
is the same [112, 125]. The combination of
delayed excretion (probably because of immature
liver enzyme systems) and enhanced sensitivity
have important clinical consequences. The action
of a single dose is prolonged and during infusions
morphine tends to cumulate. If the rate of
administration is excessive, plasma concentrations
increase and unwanted side-effects, such as seiz-
ures, occur [112]. Experience in adults suggests
that impairment of cardiovascular, hepatic or renal

function results in a further delay in excretion and
prolongation of action. Most neonates receiving
respiratory support can be managed successfully
with an infusion of morphine 10 ug kg"1 h"1 and
the infused dose should not exceed 15 ug kg"1 h"1.

Prolonged administration of either fentanyl or
morphine results in cumulation, therefore in-
fusions should be reduced or discontinued well in
advance of an attempt to wean from IPPV.

Work with sufentanil 35-40 ug kg"1 during
cardiac surgery has suggested that it may be a
promising drug for neonatal anaesthesia [4].
Alfentanil has yet to be studied in the neonate, but
evidence from older children indicates that re-
covery from its effects may be more rapid [150].

Neonates breathing spontaneously
It has been recommended that powerful opioid

analgesics (morphine and papaveretum) should be
used in spontaneously breathing neonates after
minor surgery, provided that the patients are
nursed in an intensive care setting [78], but are the
benefits to be obtained by the administration of
these drugs (especially after minor surgery) suf-
ficient to justify their routine use, given the
substantial risk of respiratory depression [174]? I
would suggest that the benefits do not outweigh
the risks, but simply ignoring the need for
analgesia in these patients is not an acceptable
alternative. It is essential, therefore, to consider
other techniques of pain relief for these patients.

The first step in the provision of analgesia for
neonatal surgery is the administration of adequate
anaesthesia. Pulse oximetry can provide a con-
tinuous and reasonably reliable indication of
haemoglobin saturation, allowing the safe admin-
istration of a higher concentration of nitrous oxide
in oxygen than the traditional 50% used com-
monly in neonatal anaesthesia. We also now know
that the minimal alveolar concentration (MAC) of
halothane and isoflurane is lower in neonates and
pre-term babies than in infants [117, 119]. Pro-
vided that the patient is normovolaemic, the
administration of 1 MAC (corrected for age) does
not result in unacceptable hypotension as de-
scribed previously [59, 248]. Supplementation of
nitrous oxide in oxygen anaesthesia with 0.5-1.0%
halothane has been shown to blunt the metabolic
response to surgery and to result in fewer
postoperative complications (e.g. persistent tachy-
cardia) in term neonates [7]. Balanced anaes-
thesia may be given safely to most neonates and
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the benefits of such techniques may be seen for
several hours after surgery.

Analgesic drugs

Codeine phosphate 1 mg kg"1 is a popular and
effective opioid analgesic for neonates. A single
dose is often all that is required, after which the
risk of respiratory depression is very small. It may
be given orally or by i.m. injection, but should
never be given i.v. [201]. Patients should be
observed closely, especially those receiving mul-
tiple doses, as significant respiratory depression
has been reported under these circumstances
[174].

Paracetamol 10 mg kg"1 given either orally or
rectally is the other popular and useful analgesic
for neonates [153, 171]. It is a weak analgesic, but
useful in the management of minor discomfort
which may occur, for example, when a regional
anaesthetic block wears off. It should be avoided
in patients with jaundice.

Of the powerful opioids, papaveretum and
injection pethidine compound cause a high in-
cidence of respiratory depression in neonates
[174], but morphine sulphate appears to be a safer
choice [63, 112, 174]. The narrow therapeutic
range of these drugs in neonates suggests that the
cyclical plasma concentrations associated with
bolus (i.v. or i.m.) administration may increase
the risk of respiratory depression at peak plasma
concentrations and yet allow periods of possibly
sub-optimal analgesia as drug concentrations
decrease. Administration of morphine to spon-
taneously breathing neonates should be limited to
patients having undergone major surgery and
therefore being cared for in an intensive care
setting. This allows appropriate monitoring [78]
and facilitates administration of morphine by i.v.
infusion. Morphine 5—7 ug kg"1 h"1 allows main-
tenance of plasma concentrations adequate for

analgesia and avoids respiratory depression (table
I) [63].

Experimental studies and experience with the
newer opioid partial agonists (buprenorphine,
nalbuphine and meptazinol) in neonates are
limited. Their property of analgesic activity
comparable to low to moderate doses of morphine
associated possibly with less respiratory depres-
sion [126] has theoretical attractions for neonatal
use. However, it remains to be seen if their actions
at different opioid receptors [138], which have
been described from animal and adult studies, are
applicable to the developing nervous system of
neonates. Similarly, investigation in neonates of
non-steroidal anti-inflammatory drugs is also very
limited.

Regional analgesia and nerve blocks

Most of the techniques mentioned below in the
section on regional anaesthesia may be applied to
neonates. Provided that toxic doses of local
anaesthetics are avoided, good analgesia can be
provided for neonates without the risk of res-
piratory depression inherent in the use of opioids.
For minor and intermediate surgery in neonates,
pain relief by wound infiltration, peripheral nerve
block or single-shot regional analgesia should be
the techniques of choice. Moreover, regional
anaesthesia may be safer as a sole anaesthetic
technique for some neonatal surgery (e.g. anal
cut-back).

Neonates are at greater risk of toxicity from
local anaesthetic drugs. Elimination half-lives are
prolonged two- or three-fold [40, 135, 148, 157]
and microsomal enzyme metabolism is greatly
reduced, with significant quantities of local an-
aesthetic being excreted unchanged in the urine.
There is a larger volume of distribution at steady
state for these drugs which may confer some
clinical protection from toxicity by reducing

TABLE I. Preparation and admimstration of morphine by infusion. The infusion rale should be titrated
against patient response. If required, boluses of 100-200 fig kg'1 may be given at the start and top-up doses

of 50-100 fig kg~l every 4 h. Avoid bolus admimstration in neonates

Dose of morphine
sulphate Dilution Concentration Infusion rate

0.5 mg/kg body
weight

Make up to
50 ml with
5% glucose

1 ml h"1

= 10 ug kg"1 h"
Neonates

0.5-1.5 ml h"1

5-15ugkg- 'h- '
Infants and children

5--H) ug kg"1
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plasma concentrations [226]. However, plasma
concentrations of albumin and alpha-1-acid gly-
coprotein (AAG), both of which are involved in
binding local anaesthetic drugs, are low in the
neonatal period and in early infancy [158]. The
consequent reduction in local anaesthetic protein
binding results in a greater free fraction in
neonates than in children [220, 226]—a difference
that persists until the age of 6 months [148]. The
significance of an increase in free fraction is not
clear. A blood concentation of lignocaine 2.5 ug
ml"1 has been found to be neurologically toxic in
neonates whereas the toxic threshold for adults is
believed to be 5 ug ml"1 [176]. A free concentration
of bupivacaine 0.2 ug ml"1 has been considered to
be neurologically toxic in awake adults [226], but
Mazoit and colleagues [148] reported free concen-
trations greater than this value following caudal
anaesthesia with bupivacaine 2.5 mg kg"1 in in-
fants, and they found no evidence of toxicity.
However, their study also involved general an-
aesthesia, which has a protective effect against
local anaesthetic toxicity.

If excessive doses are administered, CNS
depression occurs readily, resulting in sedation
and impaired respiratory performance. Therefore,
great care should be taken in children less than
6 months old to use the minimum dose of local
anaesthetic possible, remembering that the mini-
mum concentration required to block nerve
conduction (Cmin) is reduced in young children
because myelination is incomplete [241]. It is
inadvisable to exceed the following maximum
doses: bupivacaine plain 2 mg kg"1, lignocaine
plain 5 mg kg"1. Prilocaine should be avoided in
neonates who have reduced concentrations of
methaemoglobin reductase and are therefore more
susceptible to the oxidants which arise from the
metabolism of prilocaine and which lead to
methaemoglobinaemia [71].

PAIN RELIEF IN INFANTS AND CHILDREN

This section considers administration of analgesic
drugs and regional analgesia.

Opioids

Opioid drugs are still the mainstay of analgesia,
and morphine remains the standard against which
the others are compared. At equipotent analgesic
doses, all the pure agonists (e.g. morphine,
fentanyl) produce similar degrees of respiratory
depression, sedation, euphoria, nausea, biliary

tract spasm and constipation [102, 140]. Although
the mixed agonist-antagonist drugs such as penta-
zocine, nalbuphine, buprenorphine and mepta-
zinol produce significantly less respiratory de-
pression [94, 184, 228], they are also significantly
less potent analgesics and exhibit a ceiling above
which further analgesia cannot be achieved [246].
Experience with these newer drugs is limited in
paediatric practice; at present, pain relief in
children involves the use of either a weak oral
analgesic or a strong opioid [29]. Clearly, in any
discussion of opioid administration, contra-
indications such as upper airway obstruction or
increased intracranial pressure must be borne in
mind.

Morphine

For successful analgesia consistent blood con-
centrations of morphine are required. Blood
concentrations depend on the morphine con-
centration in the brain [55], the degree of receptor
occupancy, and hence the analgesic effect pro-
duced [18]. Longer term analgesia is almost
impossible to achieve using "as required" i.m.
injection [15, 28] and necessitates frequent admin-
istration by intermittent i.v. injection. Therefore,
techniques of continuous infusion have gained
considerable popularity for pain relief in paedi-
atric patients following major surgery [16,28,
30, 60, 124, 152, 155]. The metabolism of mor-
phine appears to conform reliably to an adult
pattern from an age of 5-6 months [112, 164] and
infusions given to patients younger than this
should follow the regimens for neonates outlined
above.

Administration of morphine infusions varies
widely; however, simple dilutions and infusion
rates based upon body weight minimize the risk of
errors (table I) and have been shown to produce
consistent equilibrium plasma concentrations [30,
124]. Close observation throughout the period of
infusion is essential and allows titration of the
dose against patient response, but this need not
restrict its use to an intensive care setting.

Infusions are not without problems; equipment
malfunction or errors in rate setting may occur,
but careful observation of the patient and device
should lead to early detection. In adults receiving
large doses of morphine by infusion, periods of
oxygen desaturation have been reported [47, 48].
They occur in rapid eye movement sleep, are
associated with snoring and are most likely to be
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caused by upper airway obstruction [48]; how-
ever, they have been reported following dis-
continuation of the infusion [105]. The effect on
Paot can be minimized by administration of
supplementary oxygen [106]. However, titration
of the infusion rate against patient response
minimizes the risk and most authors have found
infusion rates of 10-30 ug kg"1 h"1 provide satis-
factory analgesia with minimal respiratory de-
pression whilst allowing consistent analgesic
plasma concentrations to be reached within 4—8 h
[28, 30, 124, 152]. If required, a loading dose of
morphine 100-200 ug kg"1 may be given at the
start and bolus top-up doses of 50-100 (ig kg"1

every 4 h.
Subcutaneous infusions of morphine 30-60 ug

kg"1 h"1 have been used in children for the relief
of pain in terminal malignancy [154, 162], but
have not been applied in postoperative analgesia,
when the dose needed should be little more than
the i.v. regimen described above. More concen-
trated solutions of morphine are required for this
route and a syringe pump able to take small (2-
10 ml) syringes may be required. For short term
(single-shot) analgesia, i.m. morphine 100-200 ug
kg"1 or papaveretum 200-400 ug kg"1 are excel-
lent.

Fentanyl
This potent opioid is used widely in children

during anaesthesia and given by infusion of 4-
8 ug kg"1 h"1 in an intensive care setting, where its
ability to block pulmonary haemodynamic re-
sponses has been useful in children susceptible to
pulmonary hypertension [92]. Its potency and
lack of sedative or hypnotic properties have not
made it popular for conventional postoperative
analgesia in the U.K.; in North America, how-
ever, it is a favoured analgesic for short procedures
such as bone marrow aspiration, endoscopy and
suturing [249]. For cardiac surgery, its cardio-
vascular stability has encouraged use in high
doses (50-100 ug kg"1), which have long lasting
analgesic and respiratory depressant effects be-
cause plasma concentrations remain high during
distribution phases [46]. In patients receiving
opioid premedication and who are expected to
breathe spontaneously after operations of mod-
erate duration it is the author's practice to limit
the dose to 3-5 ug kg"1. Singleton and co-workers
[209] have suggested that the clearance of fentanyl
is greater in infants (> 3 months) and children
than in adults, resulting in lower plasma concen-

trations following a dose based upon weight.
They used high doses (20 ug kg"1, without opioid
premedication) for procedures lasting 60-90 min
in the younger child and reported reasonable
analgesia with no respiratory depression. How-
ever, this is a substantial dose of fentanyl and
close postoperative monitoring is necessary.

Pethidine
This drug probably has few advantages over

morphine in equipotent doses (l^mgkg"1) . In
equianalgesic doses pethidine may produce a
smaller increase in biliary tract pressure than
morphine [96] and this may be useful, for
example, in children with sickle cell disease who
are susceptible to cholelithiasis. These findings
have been disputed by other workers [175].

Codeine
Codeine is a useful drug for the treatment of

mild to moderate pain in children. For example, it
is widely used i.m. (lmgkg"1) during ENT
operations if a non-opioid premedication has been
given [84] or in the postoperative period to
supplement residual analgesia from a local an-
aesthetic block. In combination with paracetamol
it can be given orally. I.v. administration should
be avoided, as it results in apnoea and severe
hypotension [201].

Partial agonist opioids
Sublingual [141], i.v. [142] and i.m. [86, 147]

administration of buprenorphine have been stud-
ied in children. It has been shown to be a safe
and effective analgesic when given parenterally
(3-6 ug kg"1 every 6-6 h), with a longer duration
of action than morphine. More recently, sub-
lingual administration (5-7 ug kg"1) was shown to
be effective following orthopaedic surgery in
children aged 4-14 yr [141]. The tablet formul-
ation (200 ug) makes the sublingual route imprac-
tical for children less than 15 kg body weight.
Furthermore it is unlikely that the younger patient
would co-operate sufficiently to make sublingual
administration successful. The importance of
close observation to detect delayed respiratory
depression, especially with parenteral use, has
been stressed [141, 142] and, compared with
morphine, there appears to be a slightly higher
frequency of nausea and vomiting with bupren-
orphine.

Meptazinol 1 mg kg"1 i.m. was shown to be as
effective as pethidine for post-tonsillectomy pain
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relief [181], but it has not been investigated
further and the drug is not licensed currently for
paediatric use. Nalbuphine 0.15-0.3 mg kg"1, how-
ever, has been investigated for postoperative
analgesia after orchidopexy [234], circumcision
[22], tonsillectomy [114] and herniotomy [195].
All investigators reported satisfactory analgesia,
as effective as morphine and with a similar
frequency of nausea and vomiting.

Patient-controlled analgesia

The perception of pain after surgery is not
constant [219]. Allowing a patient control over
analgesic administration helps to compensate for
large inter-individual variations in the response to
opioids. Patient-controlled analgesia (PCA)
devices giving either bolus doses [68] or "top-
up" boluses on a background infusion [97] have
been developed to meet this need. They were
tried initially with adults [17, 68, 200], but two
groups have published their experience of PCA in
older children and adolescents (11-18 yr) [36,
183]. The microprocessor-controlled infusion
pump delivers a loading dose followed by boluses
of drug as required. Bolus administration is
subject to intervals (lockout interval) during
which a further dose is not given, and to a limit of
total dose which may be given in any 4-h period.
Using morphine, Rodgers and co-workers [183]
reported that optimal pain control could be
achieved with small doses given at short lockout
intervals (loading dose 50-100 ug kg"1; bolus
doses 25—50 |ig kg"1; lockout interval 10-15 min;
4-h maximum dose 150-300 ug kg"1). PCA was
highly acceptable to the children and they fol-
lowed the pattern seen in adult practice; namely
that PCA patients, when compared with patients
receiving opioids i.m., give themselves a greater
total daily dose per kilogram of body weight
for the first 24 h after operation and then less after
48-72 h [183].

Non-steroidal anti-inflammatory drugs
Non-steroidal anti-inflammatory drugs have

analgesic and anti-inflammatory properties, both
of which may be useful in the management of
postoperative pain. For minor surgery they may
provide sufficient analgesia or they may be used
synergistically with opioid drugs, thereby re-
ducing the dose of the latter. Diclofenac sup-
positories significantly diminished the pain associ-
ated with swallowing in adolescents after ton-
sillectomy, although the study did not dem-

onstrate a reduced requirement for opioids in the
patients receiving diclofenac [62]. Ibuprofen has
been shown to be more effective than either
paracetamol or paracetamol and codeine for the
relief of pain following dental extraction [156].
More recently, i.v. indomethacin (0.35-mg kg"1

bolus followed by an infusion of 0.07 mg kg"1 h"1

with conversion to oral intake 3 mg kg"1 day"1 as
soon as possible) was shown to diminish the
morphine requirements of children after tonsil-
lectomy, although an improvement in the quality
of analgesia could not be detected with con-
ventional pain scoring [145]. The frequency of
side-effects has been reported to be less in children
than in adults [144].

TECHNIQUES OF LOCAL ANAESTHESIA

Local anaesthesia for paediatric surgery, especi-
ally spinal anaesthesia, was popular in the first
half of this century [70, 227]. The introduction of
neuromuscular blocking drugs and halothane
resulted in a preference for general anaesthesia
and a decline in the use of local techniques.
However, there is now an increasing interest in
their use.

Day-care surgery is suited ideally to children
having minor and intermediate operations. The
stay in an unfamiliar environment is minimized
[230], parental contact can be maintained [57] and
it is cost-effective for the institution [76]. Post-
operative pain, which delays recovery and am-
bulation, results in an increased morbidity [8] and
must be treated adequately. I.m. opioids, how-
ever, either as premedication or for postoperative
analgesia, are not useful in day-care work. The
high incidence of nausea, vomiting and sedation
associated with their use results in many children
having to remain in hospital, thus defeating the
object of day-stay planning. Furthermore, ad-
equate analgesia may be hard to achieve [137,
207]. For this group of patients, techniques of
single-shot local analgesia are especially useful.

The techniques of regional analgesia can be
used both during operation, either as the sole
anaesthetic or with general anaesthesia, and after
operation, to provide excellent pain relief fol-
lowing major surgery. Moreover, regional blocks
can be used to relieve acute pain, for example a
femoral nerve block for fractured shaft of femur
[185].

Prior discussion with the surgeon and adequate
explanation to both parents and child is essential,
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even if the local technique is going to be combined
with general anaesthesia. Children may be dis-
tressed by the lack of sensation and motor block if
they are not forewarned. Moreover, clear ex-
planation to theatre and ward staff is essential,
allowing modification of their care plan to ac-
commodate the physiological changes induced by
the block. The contraindications and preparation
of patients for local blocks are well known; for
further information on these points the reader is
referred to Arthur and McNicol [13], Broadman
[31], and Yaster and Maxwell [250].

Pharmacokinetics of local anaesthetics in children

After 6 months of age, children show somewhat
faster absorption and elimination of local an-
aesthetic drugs than adults [65, 69, 188, 217],
although others have found no differences in
disposition kinetics standardized for body weight
[75]. The increased cardiac output of children
probably accounts for the faster absorption; for
example, after caudal injection peak plasma
concentrations are seen at 15 min in children
compared with 30 min in adults [65, 66]. Despite
more rapid absorption, plasma concentrations less
or slightly greater than toxic values have been
reported following the administration of high
doses of local anaesthetic [65, 69, 188, 217]. More
rapid elimination may be a result of the increased
size of a child's liver relative to body weight [191]
and an increase in the number of metabolic sites
for drug breakdown [25], whilst a larger volume of
distribution may also contribute to the low plasma
concentrations [25]. Indeed, the prolonged elim-
ination half-life reported in children [65, 148] is
related probably to the increased volume of
distribution. There is also a marked increase in
plasma alpha^acid glycoprotein after surgery
[179] which increases plasma drug binding, thus

allowing free drug concentrations to remain
within acceptable limits. The net result is that
older, healthy children appear to be very tolerant
of high doses of local anaesthetic. Peak blood
concentrations of local anaesthetic, however, are
related directly to the total dose of drug admin-
istered, regardless of the injection site or the
volume of solution used. At the doses shown in
table II, plasma concentrations remain below
recognized toxic concentrations, but this does not
apply to neonates or infants younger than 6
months of age, in whom caution should be
exercised (see above).

CENTRAL BLOCKS

Extradural Anaesthesia
Single-shot extradural analgesia via the caudal
route has been used widely in children [33].
However, in adults continuous extradural block or
extradural opioid analgesia [190] via the lumbar
or thoracic routes have been shown to be more
effective than parenteral opioids in providing pain
relief and preventing postoperative pulmonary
complications. These techniques (in addition to
single-shot analgesia) are now being used with
success in paediatric patients, even in neonates
[14, 35, 56, 80, 149, 159, 161, 189, 203].

Anatomical differences between younger chil-
dren and adults have important practical con-
siderations. The shape of the sacrum and the
position of the spinal cord are shown in figure 2.
In infants the lower position of the spinal cord
makes access to the extradural space, and lumbar
puncture, safer in more caudal interspaces (L4-L5
and L5-S1). During early childhood the extra-
dural fat is loosely packed, gelatinous and has
distinct spaces [26, 197, 225]; this contrasts with
the tightly packed fat divided by fibrous strands

TABLE II. Maximxtm recommended doses (mg kg'1) of local anaesthetics for infants older than 6 months of
age. Always use the minimum dose consistent with adequate analgesia or anaesthesia. NA = not

applicable

Extradural
block

Infiltration
block

I.v.
regional

Bupivacaine
Plain
With adrenaline 1:200000

Lignocaine
Plain
With adrenaline 1:200000

Prilocaine

3
4

6
9

NA

3
4

6
9
6

NA
NA

3-5
NA
4-5
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Birth Adult T12\

Spinal cord

Dural sac
Extradural

space

FIG. 2. The sacrum of the neonate is flatter and more narrow than that of the adult. The meninges end
at Sl-2, whilst the end of the spinal cord is at L3 at birth but rises to the adult position of Ll-2 by the

age of 1 yr [250].

seen in adults. This structural difference results in
a low resistance to longitudinal spread of an-
aesthetic agents and may therefore account for the
extensive blocks seen in children [197]. A detailed
description of the techniques involved in the
performance of these blocks is outside the scope of
this review and the reader is referred to Arthur
and McNicol [13], Broadman [31] and Yaster and
Maxwell [250].

Children younger than 6 yr show marked car-
diovascular stability, even during high (T3-T5)
local anaesthetic extradural or intrathecal blocks
[1,11,19,32,61,197]. Over this age, the car-
diovascular response resembles that of adults and
may require vasopressors or fluid loading to
counteract significant hypotension.

Although effective postoperative analgesia can
be provided by intermittent injection or infusion
of local anaesthetics into the extradural space [58,
159], the technique has disadvantages, including
cardiovascular instability, motor block, tachy-
phylaxis and systemic toxicity. Moreover, there
are no specific antagonists available which reverse
all unwanted side-effects. The development of a
specific binding assay led to the detection of
opioid receptors in nervous tissue [170] and this
observation suggested to clinicians that spinal
administration of opioids may have advantages
over conventional parenteral routes. Experience
of spinal opioids in children is just developing [14,
56, 80, 104, 107, 113, 203] but, although the high
quality of analgesia obtained is long-lasting, there
are also unwanted effects, including pruritus,
urinary retention, nausea, vomiting, early or
delayed respiratory depression and possible tachy-

phylaxis. Naloxone is a specific antagonist to
many of these side-effects. Controlled trials of
continuous extradural narcotics in children are
required to demonstrate that the quality of pain
relief achieved is better than parenteral infusions
of opioids, justifying the increased complexity of
the extradural technique.

Caudal extradural
This is the most popular central block in

paediatric practice, being used with general
anaesthesia for analgesia during and after op-
eration in patients having procedures involving
both lower limbs, ano-perineal, genitourinary and
abdominal surgery below the umbilicus [33]. As
reported in numerous studies, it is easy to perform
in children, is safe, gives reliable results, is
acceptable to patients, improves ventilatory effici-
ency and is applicable to children of all ages
[27,33,38,41,89,104,110,113,122,123,128,137,
148, 211, 236], including neonates [12, 223].

Several formulae have been described to enable
calculation of local anaesthetic dose for a desired
height of block [83, 193, 198, 212, 218]. The
simple scheme outlined by Armitage [9] (table III)
is easy to use and appears to be satisfactory in
clinical practice, although it has been suggested
that volumes calculated on weight, whilst reliable
in infants [38, 236], are not reliable in older
children, in whom age may be a better guide [38].
When used with general anaesthesia, 0.25%
bupivacaine provides prolonged analgesia, yet
avoids unnecessary motor block. Increased con-
centrations provide no further benefit in quality
or duration of analgesia [33]. The addition of
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TABLE II I . Volume of local anaesthetic required for a given
height of block with caudal exlradural administration [9]. / /

volume of local anaesthetic exceeds 20 ml, dilute to 0.19%

Level of block

Dose of 0.25%
bupivacaine

(ml/kg body weight)

Low lumbar and sacral
Lower thoracic
Mid-thoracic

0.5
1.0
1.25

adrenaline 1:200 000 has been shown to increase
the duration of the block [236]; however, the
effect on the pharmacokinetics of the long acting
agents (peak plasma concentration and time to
peak) appears to be small [204].

Caudal extradural blocks may also be used
successfully as a sole anaesthetic in high risk
infants [211] although, for lower abdominal
surgery, high doses of bupivacaine are required
and spinal anaesthesia may be a better choice. The
low resistance to local anaesthetic spread in
children enables the caudal route to be used for
high (Tl-3) blocks to permit upper abdominal
surgery, but at the expense of needing large and
potentially toxic volumes of local anaesthetic
[128]. Most complications in McGowan's study
were in children having high blocks. This tech-
nique cannot be recommended for routine prac-
tice, but overall there were good results in the
critically ill African children in whom it was
described.

To overcome the problem of toxic doses yet be
able to provide high blocks for upper abdominal
surgery, Bosenberg and colleagues [26] have
described the passage of an 18-gauge extradural
catheter via the sacral hiatus to T7-8 vertebrae.
They achieved successful blocks with 0.5%
bupivacaine 0.5 ml kg"1. Although they suggested
that a catheter inserted in this manner could be
used for continuous analgesia, the risk of infection
is unacceptably high [10]. In early post-natal life
the sacrum consists of five distinct vertebrae,
making the anatomical structure of the sacrum
very similar to the lumbar spine. Busoni and Sarti
[39] took advantage of this immature structure
and recommended extradural catheterization
using the S2-3 interspace. They reported
successful blocks in 74 children aged 2 months-
13 yr. The advantages of the sacral intervertebral
approach at this level are a reduced risk of
puncturing the dura, and of damage to either
the spinal cord or spinal arteries. Furthermore,

catheters inserted at the S2-3 space are easier to
keep clean, thus reducing the risk of infection.

Caudal extradural blocks with 0.25% bupi-
vacaine provide between 4 and 8 h of good
analgesia. Using extradural morphine 100 ug kg"1,
Jensen [104] found that the duration of pain relief
was significantly longer (10-36 h). These findings
were confirmed by Krane and colleagues [113]
(median time to supplementary analgesia; caudal
morphine 12 h; caudal bupivacaine 5 h). Urinary
retention, pruritis and nausea were common side
effects. This technique cannot be recommended
for day-case surgery, but for more extensive
operations (e.g. hypospadias repair) it appears to
offer long lasting, good quality analgesia in many
patients.

Complications of caudal extradural block are
those of any extradural technique [13]; in addition
there is the risk of intraosseous and intrapelvic
injection. For reasons that are unclear, nausea and
vomiting are common following caudal block
[123, 147,251].

Lumbar and thoracic extradural block

Lumbar extradural block has been used ex-
tensively in paediatric practice [189], whilst a
thoracic approach has been described by Arthur
[11]. Until recently, an 18-gauge Tuohy needle
was the smallest available which would accept a
catheter, making extradural access for continuous
analgesia difficult in the small child, especially in
the thoracic interspaces. Murat and colleagues
[159] described a 20-gauge needle, taking a 24-
gauge catheter, which they used for continuous
lumbar extradural blocks in neonates of 2 kg.
Now Portex (U.K.) have produced a 19-gauge
Tuohy needle which accepts a 23-gauge catheter
(fig. 3). In the author's experience this has been
very satisfactory for children less than 10 kg.

Murat and colleagues [159] used intermittent
injections of 0.25 % bupivacaine via a thoracic or
lumbar extradural catheter (initial dose 0.75 ml
kg"1 if <20 kg and 1 ml/10 cm of height if taller
than 100 cm ; top-up dose 50 % of initial dose) for
continuous analgesia during and after orthopaedic
and abdominal surgery. They found excellent
analgesia, no motor block, no tachyphylaxis and
cardiovascular stability in children younger than
8 yr, but significant decreases in both heart rate
and systolic arterial pressure in children older
than 8 yr, with the maximum reduction at 25 min
following extradural injection. They noted that
the addition of adrenaline 1:200 000 significantly
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FIG. 3. Portcx 19-gauge extradural needle with 23-gauge catheter, loss of resistance device and flat filter.

prolonged the duration of analgesia (time to first
top-up 92 min with adrenaline, 71 min without),
especially in patients younger than 2 yr, thereby
reducing the risks of cumulation with repeat
doses. Infusions of local anaesthetic can avoid the
peaks and troughs associated with intermittent
injection. Meignier and colleagues [149] were the
first to report continuous postoperative analgesia
by lumbar extradural block in children following
upper abdominal surgery. They used an infusion
of 0.25% bupivacaine in a dose of 4 mg kg"1 day"1

which gave good analgesia without cardiovascular
instability, increasing block or urinary retention.
More recently, Desparmet and colleagues [58]
reported successful lumbar extradural analgesia
with an infusion of 0.25% bupivacaine 0.08 ml
kg"1 h"1. For postoperative analgesia, it is un-
necessary to use greater concentrations of local
anaesthetic which are associated with unwanted
effects; in children, low concentrations of local
anaesthetic (with less neural block than occurs in
adults) are adequate to block the cortisol stress
response to surgery [161].

Extradural administration of morphine via the
lumbar route for postoperative analgesia was
described in 1984 by two groups [80, 203]. A dose
of 50 ug kg"1 made up to a volume of 2-5 ml and
given via thoracic or lumbar extradural catheters
has been utilized widely [14, 56]. It appears that
increasing the dose to more than 100 ug kg"1 does
not improve either the quality or the duration of
analgesia, but does result in an increased fre-
quency of side-effects [80]. Pruritus, urinary
retention, nausea and vomiting are common, each
side effect occurring in up to 30-40 % of patients.

There are no reports of frank respiratory de-
pression, but the ventilatory response to carbon
dioxide was depressed by extradural morphine for
at least 22 h [14]. This was probably caused by
rostral spread of morphine in cerebrospinal fluid
because, 1 h after injection, the plasma morphine
concentration was consistently less than 12 ug
ml"1, which is less than that considered necessary
for systemic analgesia in children [14].

Intrathecal blocks
Interest in spinal anaesthesia was re-kindled by

Abajian and colleagues [1], who suggested it may
be the technique of choice for surgery in high risk
infants. This report was followed by others
examining different drugs [23, 77, 87, 180] and
preparations of different baricity [134]. Younger
patients need larger doses of local anaesthetic
calculated by body weight to achieve a satisfactory
block, and it has been suggested that this is caused
partly by the larger volume of CSF present in
infants of less than 15 kg [82]. For infants
Gallagher and Crean [77] suggested hyperbaric
0.5% bupivacaine 0.3 mg kg"1 calculated from the
formula 0.06 ml kg"1+ 0.1 ml and found that this
produced 75 min of surgical anaesthesia after
which motor activity returns. It is the author's
experience that a significant advantage of spinal
anaesthesia for high risk infants is that analgesia
persists for several hours after the return of motor
function, thus minimizing the requirement for
other analgesic drugs.

Intrathecal morphine has not been investigated
widely in children. Jones and colleagues [107]
found that respiratory depression occurred in
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25 % of patients receiving 30 ug kg"1 and in 10%
of patients receiving 20 \ig kg"1, but the duration
and quality of analgesia were good. Further
investigation is required before this technique can
be recommended.

PERIPHERAL NERVE BLOCKS

Longer acting local anaesthetic agents allow
peripheral nerve blocks to provide good intra- and
postoperative analgesia for children. Techniques
which require the operator to elicit paraesthesia
do not succeed in children, as they do not co-
operate, and the majority of these blocks are
performed whilst the child is anaesthetized. More
accurate location of peripheral nerves can be
achieved, even under general anaesthesia, by using
a nerve stimulator [250].

Blocks of the sciatic nerve [132], femoral, lateral
cutaneous nerve of the thigh [133] or the inguinal
paravascular ("three-in-one") technique [244]
can be used for operations on the lower limb. The
latter technique (local anaesthetic dose 0.5 ml
kg"1 [32]) can be used in children undergoing
diagnostic muscle biopsy in whom general anaes-
thesia may be best avoided (e.g. susceptibility to
malignant hyperthermia) [186]. More peripheral
nerve blocks, such as the ankle block or meta-
tarsal blocks, have also been used successfully in
children.

Brachial plexus block for analgesia of the upper
limb is performed most successfully and safely via
the axillary approach. The supraclavicular ap-
proach is unsatisfactory in children because- it
requires paraesthesia, is more likely to result in a
pneumothorax because of the cartilaginous nature
of the first rib and is likely to result in accidental
block of the phrenic or recurrent laryngeal nerves
[13]. There may be a serious decline in respiratory
function as a result of any of the last three
complications. The axillary approach in children
is associated with better spread of local anaesthetic
agents and therefore higher blocks, especially if
the sheath is occluded distal to the site of injection
and the arm is adducted to less than 45° following
injection [243]. Furthermore, the sheath can be
cannulated, using a 22- or 20-gauge i.v. cannula,
allowing repeat injections. Arthur and McNicol
[13] have recommended a dose of 0.5 ml kg"1 of
local anaesthetic which the author has also found
to be satisfactory. More peripheral blocks, such as
those of the median, radial and ulnar nerves may
be performed at the wrist whilst digital nerves
may be blocked using a metacarpal approach.

After surgery or following trauma, intercostal
nerve blocks may provide analgesia in both chest
wall (upper six nerves) and abdomen (lower six
nerves). A volume of 1-2 ml is required for each
interspace, and midline abdominal incisions re-
quire bilateral blocks. The potential complications
of intercostal blocks are well known but in the
hope of reducing the risk of pneumothorax,
Shelley and Park [205] have described a modi-
fication of the conventional perpendicular ap-
proach in the intercostal space by keeping the
advancing needle almost parallel with the rib in
the mid-axillary line. Extensive bilateral blocks
may involve large doses of local anaesthetic.
Rothstein and colleagues [188] used up to 4 mg
kg"1 of 0.5% bupivacaine and adrenaline
1:200 000; whilst plasma concentrations of bupi-
vacaine were high after this dose, no evidence of
toxicity was reported.

Continuous intrapleural infusion of bupi-
vacaine 1.25—2.5 mg kg"1 h"1 via an indwelling
catheter placed under direct vision at the end of a
thoracotomy has provided effective analgesia in
children undergoing anterior spinal fusion or
repair of coarctation [131]. Posterior placement of
the catheter, fixation to prevent catheter migration
and patient positioning are all critical to the
success of this technique. Despite the use of
adrenaline 1:200000, plasma concentrations of
local anaesthetic were often in the toxic range after
16 h of infusion and, although no clinical evidence
of toxicity was seen, the maximum infusion rate
(2.5 mg kg"1 h"1) should not be exceeded [131].
Further evaluation of this technique is required.

Ilioinguinal and iliohypogastric nerve blocks
are successful for the relief of pain following
herniotomy or orchidopexy [202] and are as
effective as caudal extradural blocks [85]. Block of
the dorsal nerve of the penis is advocated widely
for analgesia following circumcision; in particular
many authors have found the quality of analgesia
as good as that afforded by caudal extradural
block, whilst avoiding the potential hazards and
side effects associated with the extradural tech-
nique [43, 81, 210, 231, 240, 251]. However, even
simpler techniques may be as effective. Tre-
Trakarn and Pirayavarporn [224] reported suc-
cessful analgesia with topical lignocaine applied to
the penis after circumcision. Furthermore, Sin-
clair and co-workers [208] found lignocaine
aerosol sprayed in the wound provided significant
analgesia, reducing the requirement for opioids
following inguinal hernia repair in adult patients,
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although this method has yet to be evaluated in
children.

Wound infiltration
The technique of wound infiltration with

bupivacaine is frequently forgotten; if performed
at the end of surgery it is a simple yet very
successful way of providing analgesia. For
example, after pyloromyotomy the only analgesic
required by a large majority of infants is infil-
tration with 0.25% bupivacaine 0.25-0.5 ml kg"1.

ALTERNATIVE ROUTES AND TECHNIQUES FOR
ANALGESIA

New methods of drug delivery are under de-
velopment, including transdermal and trans-
mucosal controlled release, nasal and buccal
aerosol sprays and drug-impregnated lollipops.
Transmucosal fentanyl [118, 163, 215] and nasal
sufentanil [90] have been investigated as pre-
medicants for children, whilst transdermal fen-
tanyl has been assessed as a postoperative an-
algesic in adult patients [42, 93]. These techniques
are in an early stage of development, but may have
useful applications for paediatric analgesia.

Transcutaneous electrical nerve stimulation has
been used to supplement and thus reduce the
requirement for opioid analgesia. There have
been conflicting reports of the efficacy of this
technique [44, 98] and further investigation may
be merited.
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