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EXECUTIVESUMMARY

1 INTRODUCTION

Pain commonly experienced by childrenisacute pain resulting frominjury, illness, and necessary medical
procedures, whilethe other typesinclude chronic pain, recurring pain, and pain associ ated with terminal
ilIness. It affectschildren physiologically and emotionaly if not managed and treated well. Inchildrenitis
often inadequately assessed and treated dueto thefact that children have difficulty inexpressing painto
adult caregivers, while perceptions of their pain aso differ widely. There are pharmacol ogical and non-
pharmacol ogical approachesin pain management with good efficacy in both acute and chronic pain
experienced by thechildren. A combined gpproach of non-pharmacol ogica and pharmacol ogica techniques
has al so been recommended for optimum pain relief and to reduce distressin neonatesand children. A
validated paintool isneeded for assessing painin children.

2. POLICY QUESTION
Which aretheand gesi csand and gesic modditiesthat aresafe, effectiveand cost effectivefor usein children?

3. OBJECTIVES
To determinethe safety, effectivenessand cost effectiveness of the commonly used pharmacological and
non-pharmacol ogica modalitiesof pain management in paediatric population.

4. METHODOLOGY
The electronic databases, hand-search and search by cited referencesin some of the paperswerecarried
out. Relevant paperswerecritically appraised and graded according to themodified CAHTA scale.

5. RESULTS

5.1  Pharmacological agents

Acetaminophen (Par acetamal)

Thereissufficient evidenceto show that thereisminimal risk of devel oping toxic reactionsto acetaminophen
when used at thergpeutic doses. A cetaminophenishepatotoxic with ingppropriate/excessvedosing, impaired
liver function and when ingested with other hepatotoxic drug. Recta administration of acetaminophen may
produce high peak drug levels.

Thereisgood evidence on the effectiveness of paracetamoal in providing acute post-operative pain control
invarioussurgical procedures, whether given pre-operatively or intheimmediate post-operative period.
Rectal acetaminophen has not been to beeffectivein controlling pain satisfactorily. Evidencealso shows
that combining paracetamol with other analgesicslike codein, diclofenac, ibuprofen or rofecoxib doesnot
provide superior pain control compared to using paracetamol aone.

Non-ster oidal anti-inflammatory agents (NSAIDs)

Thereissufficient evidenceto show that ibuprofen, diclofenac, ketorolac and ketoprofen are reasonably
safe. Nauseaand vomiting arecommon sdeeffects. Thesedrugsmay aso cause mildto severehomeostas's
defects peri-operatively. Thereisaso evidencethat they are effectiveinrelieving paininimmediate
post-operative period and during recovery for variousophthalmic, ear, nose and throat surgical procedures
that areadministered through variousroutesi.e. ora, intravascular, intramuscul ar, rectal or topical.



Opoids

Evidence showsthat opoids can cause hypotension and respiratory depressionin highdoses. Fentanyl has
been found to cause fewer side-effects compared to morphine. Thereissufficient evidenceto show that
opiods are potent analgesicsfor moderateto severe pain. Their sedative and analgesic effectsaredose
dependent. Thereissufficient evidencethat morphineand fentanyl are effectivefor relief of moderateto
severepain post-operatively invarioussurgical procedureslike ophthamic, ENT, cardiac procedures, and
procedures carried out during the neonatal period. Evidence aso showsthat the synthetic opiod, fentanyl, is
100 times more potent than morphine, and is effective for out-patient procedural care either inthe out-
patient setting or emergency department, dueto itsrapid onset and short duration of action. Itisalso
effectivefor acutepainrelief by administration through transmucosal and intra-nasal routes. Patient controlled
ana gesiahasa so been found to be effectivefor the management of moderateto severepain post-operatively
inolder children and adolescents.

L ocal anaesthetic agents

Most evidenceindicatesthat Lidocaine-prolocaine cream, issafe astopical analgesiafor pain associated
with circumcision and medical procedures such as venepuncture. However, there is a risk of
methemoglobinemia particularly in prematureinfantsaswell asterminfantsaged lessthan 3 months. Itis
also effectivefor reducing pain during circumcision but the evidence of itseffectivenessfor analgesiain
medica proceduresisinconclusive.

5.2  Non-pharmacological modalities

Thereisevidencethat skin-to-skin contact isasafeintervention against painin the newborn, but thereis
insufficient evidenceonitseffectiveness. Asfor theother behavioura interventions, thereisinsufficient
evidenceonther effectiveness. Thereislimited evidence on the effectivenessof cognitive behavioura
interventionsto reducepain stimuli.

53  Other modalities

Evidence showsthat sucroseisasafeto be used with minimal sideeffects. Itisan effectiveintervention
against procedural painintheterm newborn. Thereissomeevidencethat glucoseisasafeintervention
agangt painassociated with minor proceduresin neonates, but findingsonitseffectivenesswereinconclusive.
Thereisinsufficient evidence of effectivenessof artificia sweetener againgt pain.

54  Assessment tools

Thereare severa pain assessment toolsthat can be used to measure paininthedifferent agegroupsi.e. pre-
terminfants, neonates, infantsand children. Children’ sfamilies, especidly parents, areimportant inidentifying
children’sbehaviour in responseto painful stimuli though these may not be asaccurate asthat of the child.

6. RECOMMENDATIONS
Pharmacol ogicd agentslike acetaminophen, NSAIDslikeibuprofen, diclofenac, ketorolac and ketoprofen,
and opiodslikefentanyl are safeand effectiveanagesicsfor usein varioussurgica proceduresthat produce
mild, moderateand severepainful imuli. However, thes deeffectsof theseneed to betakeninto consderation
with constant monitoring carried out.

Pain assessment tool staking into consideration parents’ assessment and/or child’sself-report can be used
tomeasurepain.
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RATIONAL USE OFANALGESICSIN PAEDIATRICS
1 INTRODUCTION

Painisauniversal human experience. It isacomplex concept, difficult to define or understand (M ontes-
Sandoval, 1999). Pain, if left unrecognised or neglected, can become established and difficult to control
(Wall, 1988; M cQuay, 1989). Children suffering from pain, can beaffected physiologicaly and emotiondly,
if thepainisnot managed and treated well (Taddio et al, 1997; Van Keuren & Eland, 1997; Stoddard et al,
2002). Despitethe magnitude of effectsthat pain can have on children, studieshave shown that itisoften
inadequately assessed and treated by health care professionals (Beyer, 1983; Mather & Mackie, 1983;
RusAnida& Quah, 1998). Oneof themain reasonsfor thisisthat children havedifficulty inexpressng their
painto adult caregivers, while perceptionsof their pain also differ widely (Schecter et al, 2002).

TheAmerican Academy of Paediatricsand the American Pain Society (2001) state that there are many
barriersto thetreatment of painsuch as:

= themyththat children, especialy infants, do not feel paintheway adultsdo

= |ack of assessment and reassessment for the presence of pain

= misunderstanding of how to conceptualize and quantify asubjective experience

= |ack of knowledge of pain treatment

= thebdief that addressing painin children takestoo muchtimeand effort

» fearsof adverseeffectsof anagesic medicationslikerespiratory depression and addiction

Inthe past, therewas an assumption that infantsdid not have the cortical maturation to experiencepain. As
aresult some neonates even underwent surgery with minimal anaesthesia(Lippmannet al, 1976). Evidence
shows, however, that by 29 weeks of gestation, pain pathways and the cortical and sub-cortical centres
involvedinthe perception of pain arewell devel oped (Johnston et al 1995; Elander et al, 1993; Lindh et
al, 1997). Exposureof pre-term neonatesto repetitive pain hasa so been showntolead to clinicd instability
and complications(Taddio et al, 1997).

It has been found that neonatesand children can recelveanalgesasafely if thereiscareful selection of drugs
according to thetype and severity of the condition, and proper age-related dosage adjustments. However,
no singleanalgesic can be considered perfect, being abletotreat al typesof pain Rather, acombination of
analgesics has been found to be effective, where the individual agents act through different analgesic
mechanisms, but insynergy (Raffa, 2001).

Apart from pharmacol ogic management of pain, there are severa non-pharmacol ogical approacheswith
good efficacy in childrenwith acuteor chronic pain (McGrath et al, 1985; Carbgjd et al, 1999; Blasset al,
1999; Orset al, 1999; Polkkei et al, 2001; Sparks, 2001; Stevens et al, 2001; Johnston et al, 2002;
Zdtzer et al, 2002; Kankkunen et al, 2003; Eccleston, 2003). A combined approach of non-pharmacologica
and pharmacol ogica techniqueshasa so been recommended for optimum painrelief and to reducedistress
in neonates and children (AAPPolicy Statement, 2001; Tanabeet al, 2002). Paediatriciansand other
hedlth care profess ona shavetheresponsbility to recognize, assessand manageadl typesof paininchildren

appropriately.

1.1  Typesof Pain

The most common type of pain experienced by children isacute pain resulting frominjury, iliness, and
necessary medical procedures. Other typesinclude chronic pain, recurring pain, and pain associated with
termind illness(AAP Policy Statement, 2001).



1.2  Pain Measurement in Paediatric Patients

Thetype and severity of pain hasto be measured. Theefficacy of theana gesiaadministered can only be

determinedif it hasbeen gauged through continuous assessment. A vaidated paintool isneeded to measure

thelevd of pain. According to Colwell et al (1996) and Manneet al (1992), nurses assessment of children's

pain using avaidated pain assessment tool, correlatesmore closaly with those of children’s salf-reported

pain. A randomised controlledtrial (RCT) by Stevens(1990), where nurses used apain assessment tool,

showed that patients had |ess severe pain, received more anal gesics, and were assessed morefrequently,

compared to acontrol group. It has been found that toolsto assess children’s pain, should beused in

conjunction with parents’ and health professionals assessment. Currently, thereisno easily administered

andwidely accepted uniform technique advocated for assessing painin children. Theavailable methodsfor

measuring painin children areasfollows:

=  Sdfreported - routine questions, verbal scales, numeric scalesand pictoria scales(Pamero & Drotar,
1996; McGrath et al, 1996)

= Behavioural measures—motor responses, facia expressions, crying and complex behaviour responses
such as degp-wake patterns (Woodgate & Kristjanson, 1995; Fuller & Conner, 1995; Grunau et al,
1990; Taddio et al, 1995).

= Physiological measures—changesof pulserate and blood pressure aswell as measurement of palmer
sweating (Coffmanet al, 1997; Tyler et al, 1993).

1.3 Modalitiesfor Pain Relief in Paediatric Patients
Therearevariouspharmacol ogica and non-pharmacol ogical modalitiesthat can be usedin themanagement
of painin children and neonates.

1.3.1 Pharmacological agents

Numerousdrugsare used for painrdief in children and neonatesasfollows:

= Non-opioid analgesics - commonly used are paracetamol (acetaminophen), non-steroidal anti-
inflammatory agents (NSAIDs) and local anaesthetic agents

= Opioidanalgesics

1.3.2 Non-pharmacological agents

Among thecommonly used modalitiesare:

= Physicd eg. heat, cold stimulation, el ectrical nervestimulation, acupuncture, massage

= Behaviourd e.g. relaxation, biofeedback, modelling, desengitisation, art and play therapy
= Cognitiveeg. distraction, imagery, hypnos's, music therapy

2. POLICY QUESTION

Which aretheanalgesicsand and gesic modditiesthat are sefe effectiveand cost effectivefor usein children?

3. OBJECTIVES

To determinethe safety, effectivenessand cost effectiveness of the commonly used pharmacologica and
non-pharmacol ogica modalitiesof pain management in paediatric population.



4. SCOPE OFASSESSMENT

The scopeof thisassessment isasfollows:
l. Children aged 0 - 18 years(including neonates)
[1.  Typeof pain- acutepain (procedura, post-operative and traumapain)
[1l.  Pharmacologica agents
a  paracetamal (acetaminophen)
b.  non-gteroida anti-inflammatory drugs (NSAIDS) - ibuprofen, diclofenac, ketorolac and
ketoprofen
C.  opioids- morphineandfentanyl
d. loca anaestheticagent - EMLA cream
IV.  Non-pharmacologica moddities
a.  Behaviourd interventions
. Multi-sensory simuletion
. Non-nutritivesucking (pacifiers)
. Breast feeding
. Skin-to-skin contact
b.  Cognitiveinterventions
. Distraction techniques- music, movies, art, touch, blowing bubbles
V.  Othermoddities
. Sucrose
. Glucose
. Artificid sweeteners
Thisassessment doesnot consider chronic, recurring pain and pain associated with termind illness. Itaso
doesnot assessana gesic agentslikeaspirin, pethidine, tramadol, naproxen, codeine, mefenemic acid and
all other drugsthat are not included in thelist above. Other non-pharmacol ogical modalities such as
acupuncture, hypnosisand othersarea so not considered in thisassessment.

5. METHODOLOGY

Thee ectronic databaseswere searched. Further hand search and search by cited referencesin some of the
paperswas carried out (Appendix 1). Papersthat wererelevant were critically appraised and graded
according tothemodified CAHTA scale (Appendix 2).

6. RESULTSAND DISCUSSION
6.1  Safety

6.1.1 Pharmacological agents

a. Paracetamol (Acetaminophen)

Paracetamol or acetaminophen or isthe most commonly used mild analgesicin children (Kearns, Leeder
and Wasserman, 1998). Chemically, it isN-acetyl-para-aminophenol, ametabolic by-product of phenacitin.
Thedaily cumulative paracetamol dose by theoral or rectal route should not exceed 100 mg/kg/day for
children, 75 mg/kg for infants, 60 mg/kg for term and pre-term neonates beyond 32 weeks of post-conception
age, and 40 mg/kg for pre-term neonatesfrom 28 to 32 weeks of post-conception age. A pre-term neonate
30 weeksof post-conceptional age should be given 20 mg/kg every 12 hours (Berde & Sethna, 2002).

3vl



Rumack (1984), Rodriguez and Jordon (2002) and theAmerican Academy of Paediatrics(2001) statethat
therisk of devel oping toxic reactionsto acetaminophen when used at thergpeutic doses, isminimal or lower
in children than adults, and these often occur from intentional overdoses. Adverse effectsare unlikely at
dosesbelow 150 mg/kg/day (Rumack, 1984). Geeand Ardagh, (1998) and Pennaand Buchanan (1991)
concluded that death and hepatotoxicity in children were uncommon events, unlike adults. Accordingto
Mortensen (2002), serioustoxicity or fatdities, have been extremdy infrequent following an acetaminophen
overdoseinyoung children, possibly because of differencesintheway children metabolize acetaminophen.
Lesko and Mitchell (1999) found that adverse gastrointestinal or renal events from short-term use of
acetaminophen gppear to be quiterarein children.

However, Kearn, et al (1998) and Heubi et al (1998), found that severe toxicity has been observed
despite gpparently reassuringly low acetaminophen level s. Berde and Sethna (2002) reported that excessive
dosing produces hepatic failurein both infantsand children. Miles et al (2000) reported that accidental
paracetamol overdoseisassociated with fulminating hepaticfailure. Rivera-Peneraet al (1997) statethat
acetaminophen hepatotoxicity in childrenisassociated with agelessthan 10 yearsassociated withingppropriate
dosing, delaysinonset of symptomsafter apotentialy toxicingestion, delaysininitiation of NAC treatment,
unintentiona multiple overdosing, and ingestion of acetaminophen along with another hepatotoxic drug.
They alsofound that severe hepatotoxicity in childrenisdueto cumulativetoxicity from repeated doses,
rather than acuteintoxication fromasinglemassiveoverdose. Heubi et al (1998) show that the use of adult
rather than paediatric preparation leadsto hepatotoxicity in children. TheAmericanAcademy of Paediatrics
(2001) wasof theview that the health care providers should consider acetaminophen toxicity inany child
who hasreceived acetaminophen, who hassignsof acute dysfunction, evenif acetaminophen levelsarenot
inthetoxicrange. Heubi et al (1998) advise cliniciansto inform parentsabout the potentia hepatotoxicity
of acetaminophenwhen giventoill patientsin doses exceeding wel ght-based recommendations.

Rectd administration of acetaminophen hasbeen found tolead totoxicity becausetheroute of administration
produces peak drug level sthat may vary asmuch asnine-fold, and often doesnot achievetherapeuticlevels
after therecommended dosesare administered (Birmingham et al 1997). However, Buck (2001) states
that the administration of high doses of acetaminophen in the peri-operative period appearsto besafein
children.

b.  Non-Seroidal Anti Inflammatory Drugs(NSAIDs)

NSAIDscan produce mild, systemic homeostatic defectsby inhibiting normal platelet function, probably
through COX-1inhibitioninplatelets(Farrar & Lerman, 2002). Studiesby Gallagher et al (1995), Gunter
et al (1995) and Rusy et al (1995) showed that post-operative bleeding in childrentaking NSAIDswas
significantly greater than those on placebos. |naretrospectivereview, Robinson and Ahmad (1994) found
that theuse of NSAIDsbeforetons |lectomy increased therisk of post-tonsillectomy haemorrhage dueto
theord cavity and sdivabeing richinfibrinolytic activators. Romsing and Walther-L arsen (1997) cautioned
that combining NSAIDswith any type of surgery could lead to peri-operative bleeding, and their use be
delayed until surgical bleedingisno longer at risk. Kokki (2003) statesthat severe adverse effectsin
childrenarerare, but NSAIDsshould be used with cautionin children with liver dysfunction, impaired rend
function, hypovolemiaor hypotens on, coagul ation disorders, thrombocytopeniaor active bleeding from
any cause.

Ibuprofen, diclofenac, ketorolac and ketoprofen arethe most extensively evaluated NSAIDsin children.



I buprofen

| buprofen decreasesinflammation by reversibly inhibiting cyclo-oxygenase, aswell asinhibiting prostaglandin
production (Rodriguez & Jordon, 2002). According to Lesko and Mitchell, (1995) ibuprofen isassociated
with gastrointestinal bleeding, rend failure, or angphylaxis, but found to berarein childrenlessthan 12 years
old. However, thereisnoinformation ontherisksof less severe outcomesor therisk of prolongedibuprofen
use. Rodriguez and Jordan (2002) show that ibuprofen causes peptic ulcer diseaselikeal non-steroidals.
Theadverseeffectsof ibuprofen aresmilar to those of other NSAIDs, but clinical experience suggeststhat
ibuprofen isbetter tolerated by children than adultsand it issafer in overdose than paracetamol or aspirin
(Autret-Leca, 2003) A study comparing ibuprofen with acetaminophen with codeinefor paediatric post
tonsllectomy/ adenotonsillectomy patients, reported ameanincreasein bleedingtimeof 2.07 minuteson
thethird post-operative day in theibuprofen group (Harley & Dattolo, 1998).

Diclofenac

Patients on diclofenac werefound to have alower rate of nauseaand vomiting following tonsillectomy,
compared to acetaminophen (Romsing et al, 2000). Similarly, rectally administered diclofenac gaveless
post-operative nauseathan IV Morphineafter strabismussurgery inchildren4to 16 yearsof age (Wennstrom
& Reinsfelt, 2002). Inan RCT on children between 3 and 13 years, Bone and Fell (1988) found rectal
diclofenac 2 mg/kg when givenfor painrdief following tonsllectomy, had significantly lesseffect uponthe
respiratory rate compared to IM paperveretum 0.2 mg/kg. Baer et al (1992) reported that rectally
adminigtered diclofenac to be safewhen administered pre-operatively for patientsundergoing adenoidectomy
with or without myringotomy.

Ketorolac

AnRCT comparing IV ketorolacto recta acetaminophenin children undergoing tonsi llectomy, found that
hemaostasi sduring tonsllectomy wassignificantly moredifficultin patientsreceiving ketord ac (Rusy, 1995).
However, inanother RCT on 50 children 5to 15 yearsof age, Romsing et al (1998) found that single dose
of ketorolac 1 mg/kgintravenoudy administered either beforeor immediately after surgery improves post-
operativeanagesiain children after tonsllectomy, without evidence of increased incidence of bleeding. An
RCTI by Shendeand Das(1999) comparing ketorolacin adoseof 0.9 mg/kg intravenoudy at theinduction
of anesthesiawith pethedine 0.5 mg/kg intravenoudy found |l ess post-operative nauseaand vomiting with
ketorolac.

Ketoprofen

A prospective RCT by Kokki, Nikanne and Tuovinen (1998) of intra-operative intravenousketoprofenin
220 children, aged 1 to 7 years, undergoing adenoidectomy, showed no post-operative bleeding which
would haverequired intervention or delayed dischargefrom hospital . A prospective, longitudina study in
102 children undergoing tonsi Il ectomy compared ketoprofen capsulesat adose of 3- 5mg/kg per 24 hour
for post-operative pain control a home, with paracetamol or paracetamol-codeinetabletsfor rescueanalgesia
found the former safefor children, but recommend alarger study to show whether or not ketoprofen
increasesthe haemorrhage rate (Salonen, Kokki & Nuutinen, 2002). AnRCT onthe safety and efficacy of
ketoprofenin 109 children, aged 3to 16 years, during and after tonsillectomy found two patientsout of the
fivein the post-ketoprofen group had post-operative bleeding at 4 and 26 hour, respectively that required
electrocautery to stop bleeding. Theinvestigatorsstatethat neither theincidence nor the severity of adverse
eventsdiffered between the study groups (Kokki & Salonen, 2002).



c. Opioids

Opiodsare powerful anagesic drugsused for moderateto severepain. However, they have severd adverse
effects(Berde, et al 1991). The sedative and ana gesic effect of opioidsare dose dependent and varieswith
plasmaconcentration from sub-ana gesia, to analgesiaand euphoria, to nausea, dysphoria, and somnolence,
to respiratory depression, to gpnoeaand unconsciousness. Other adverse effectsinclude hypotension,
nauseaand vomiting, consti pation, vasodilatation, local urticariaalong injected vessdl, generdised pruritis,
urinary retention and biliary colic (Rodriguez and Jordon, 2002). A ccording to Canadian Paediatric Society
(2000) therisk of adverseeffectsisdirectly related to rate of drug administration, total dose, and combination
with other medications capable of central nervous system depression. The propensity for these adverse
effectsisreduced by avoiding rapid bolusinjection. Administration should be by frequent small aiquotsor
by infusion over severa minutes. The hedlth care professiona who administersopioidsshould betrainedin
therecognition and treatment of the adverse complications, including the use of bag-mask ventilation, an
opioid antagonist to opposetherespiratory depression, or amusclerelaxant to treat glottic and chest wall

rigidity.

Morphine

Morphineisfound to cause profound hypotension, particularly when the patient isin the hypovolemic state,
and can al so preci pitate bronchospasm secondary to histaminerel ease (Ward and Yealy, 2000). Sabatino,
et al (1997) studied the haemodynamic effects of intravenous morphineinfusion in ventilated pre-term
infants and found morphine high-dose regimen (200 ig/kg/2h followed by 25 ig/kg/h) resultedinanon-
significant reduction of mean arterid blood pressure. Hartley, et al (1993) studied the pharmacokinetics of
morphineinfusonin 17 premature neonates of 26 to 34 weeksgestation and found anon-significant decrease
inmean arteria blood pressure only in the high-dose—+regimen group (400 ig/kg/2 hfollowed by 50 ig/kg/
h). Lynn, et al (1993) evauated therespiratory effectsof intravenousmorphineinfusionin 30 patients (2to
570 daysold) after cardiac surgery and found therewas no differencein the susceptibility to respiratory
depressionin neonates compared with infantsand children. According to Hartley, et al (1993) and Lynn, et
al (1993) higher morphine plasmaconcentrati ons are often accompanied by more (or more severe) side
effectsof morphine.

Esmall, et al (1999) studied the adverse drug reaction in paediatric pati entsrecei ving continuousi ntravenous
morphineinfusionsfor acute post-operative pain and found 42.5% of the patients experienced nauseaand
vomiting. However, theincidence of respiratory depressionwas 0%. Other adversedrug reactionsincluded
urinary retention (13.5%), prurities (12.7%), dysphoria(7.3%) and hypoxaemia(4.5%). Weinstein (1994)
found asingle dose of morphine sul phateincreasestheincidence of vomiting inthefirst 24 hours after
outpatient inguind surgery inchildren.

A randomised controlledtria by Quinn (1993) on morphineinfusion (100 pg/kg/hfor 2 hoursfollowed by
continuousinfusion of 25 ug/kg/h) for ventilated preterminfant lessthan or equa to 34 weekswith respiratory
distress syndrome showed that morphineissafe. However, in arandomised controlled trial by Anand et al
(2004) sgnificant adverseeffectswerefound when ventil ated preterm neonatesweregiven morphineinfusons
and they advocate close monitoring of these patients.

Fentanyl

Fentany isasynthetic opioid and 100 times more potent than morphine (Ward and Yealy 2000). It hasa
rapid onset of action (lessthan 30 secondswhen administered 1) and duration of action of only 30to 40
minutes. Fentanyl isnormally administered intravenoudly or through the epidural route. Theusud doseis
between 1-5 pg/kg IV (American Medica Association, Council of ScientificAffairs, 1993). Fentanyl is
lipophilic andisreadily absorbed acrossany biological membrane, including thetransmucousa (mouthand
nose) and transdermal routes.



Ward and Yealy (2000) reported that fentanyl isassociated with 50% incidence of emesis. According to
Rodrriguez and Jordon, (2002) fentanyl can cause chest wall rigidity and laryngospasm which can make
ventilation difficult or impossible. Sachetti, et al (1994) sated that chest wall rigidity ismorecommonwith
rapid administration and high doses (greater than 15 pg/kg). Frush and Bisset (1997) found that fentanyl

causesnasal pruritisand stated that steps need to betakento restrain the patient’ s handswhen doing facial

or oral procedures.

However, inarandomised controlled trial on ventilated newborn infants, Saarenmaa, et al (1999) found
that fentanyl had fewer side effectswhen compared with morphine. Keidan, et al (2004) found theincidence
of PONV in children undergoing outpatient adenotonsillectomy wasthe samefor ketrolac and fentanyl.

Using aplacebo-controlled, double-blind design Sharar, et al (2002) compared oral transmucosal fentanyl
citrate (OTFC, approximately 10 pg/kg) and oral oxycodone (0.2 mg/kg) in 22 pediatric outpatient wound
careprocedures (ages5to 14 years) and found it to beasafeanalgesia. Ginsberg, et al (1998) found that
oral transmucosal fentanyl citrate dose at 10 pg/kg was effectivein providing sedation without causing
clinicaly sgnificant changesinvitd Sgnsor oxygen saturation. Prurituswaspresentin 76% of children but
Ginsberg, et al (1998) statethat pruritus cannot be used as an endpoint for OTFC effectiveness.

Galinkin, et al (2000) found the use of intranasal fentanyl during hal othane or sevoflurane anesthesiafor
myringotomy and tube placement was associ ated with diminished post-operative agitation without anincrease
invomiting, hypoxemia, or dischargetimes. Borland, Jacobs and Geelhoed (2002) state that therewasno
significant dterationin pulserate, respiratory rate and blood pressure or oxygen saturationswhen intranasa
fentanyl wasgivento childreninacute painintheemergency department.

Patient controlled analgesia(PCA) isasystem whereby, patients could administer their own intravenous
analgesaandtitrate the dose by using asmall microprocessor controlled pump. Six studiesshowed PCA
to be a safe method for paediatric patients (Gaukroger, Tomkins and van der Walt, 1989; Gaukroger,
Chapman and Davey, 1991; Till, et al 1996; Marchetti, Cabi and Villani, 2000; Shin, et al 2001; McDondd
and Cooper, 2001).

However, Kost-Byerley (2002) statesthat the incidence of well-known side- affects of opioid therapy do
not diminishwith PCA. Bray, et al (1996) reportsthat lower respiratory ratesand oxygen saturationshave
been observed with paediatric PCA but Berde, et al (1991), Monitto, et al (2000) and Tyler et al (1995)
report that clinically significant respiratory depressionisrare. However, Berde, et al (1991) and Rieberer
(1998) recommend that ahigh degree of monitoringisstill required to ensurethat PCA issafein children.

d. Local AnaestheticAgents

Lidocaine-prolocaine cream

Lidocaine-prolocainecream, EMLA cream, contains 2.5 percent lidocaineand 2.5 percent prilocaine (5%
lidoaciane-prilocaine cream). Topical formulationsprovide analgesiaand arewidely used for intact skin
and for procedure related pain in neonates and children (Berde and Sethna, 2001; Lander, et al 2003).
Topical formulationssuch asEMLA cream are easy to administer and painless.

A randomised controlled trial by Taddio, et al (1997) found EMLA creamto be safefor the prevention of
pain from circumcision in neonates. Another randomised controlled trial by Cordoni and Cordoni (2001)
reported that no side effects were detected when EMLA cream was used before intravenous cannula
insertion in patients between the ages of 4 and 12 years. A systematic review by Taddio, et al (1998)
reported that single doses of EMLA to be safefor application to the skin of neonatesof gestational age of
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more than 26 weeks. A prospective study by Essink-Tebbes (1999) showed that the application of 0.5 g
lidocaine-prilocainecreamto thehed under occlusonfour timesaday for 30 minutesissafe. Inaprospective
randomisedtrial, Choi, et al (2003) found noloca or systemic complicationswith EMLA when used aspost
cdrcumcisonandgesainchildren. Rosen, et al (2000) reported minima sdeeffectsoccurred withEMLA when
gopliedinathick layer under occlusve covering onehour beforeremova of thoracostomy tubein children.

However, Steven, et al (2001) found EMLA cream extremely safe but contraindicated in patientswho are
receiving other drugsthat are known to induce methemoglobinemia. Brisman, et al (1998) dtatesthat there
isatheoretical risk of methemoglobinemiadueto EMLA appliedininfantsyounger than 3 monthsof age
dueto immaturity of the NADH reductase enzyme. Frey and Kehrer (1999) reported that concomitant
goplication of peridura prilocainewithtopica EMLA resultedin symptomatic methaemoglobinemiain preterm
infants. EM LA according to Chenand Cunningham (2001) isusudly well tolerated and safein most children.
However, they state that methemogl obinemiaremainsthe most concerning and potentialy lifethreatening
complication particularly inneonates. Prematureinfantsthey stateareat agreater risk, though terminfants
lessthan 3 months of age are a so susceptible than ol der infantsto devel op toxic blood concentrations of
methemoglobinemia

6.1.2 Non-pharmacological modalities

Skin-to-skin contact
Gray, et al (2000) stated that skin-to-skin contact isasafeintervention against paininthe newborn.

6.1.3 Other modalities

Sucrose

A meta-analysisby Stevens, Yamadaand Ohlsson (2001) supportstheroutine use of sucrose0.012 - 0.12
g to be administered approximately 2 minutes prior to procedure of asingle heel lance and venepuncture.
They state sucrosehasminimal sideeffects. However, Johnston, et al (2002) reported that repeated use of
sucroseandgesaininfantslessthan 31 weeksmay put infantsat risk for poorer neurobehaviourd deve opment
and physiologic outcomes.

Glucose

Deshmukh et al (2002) found concentrated glucose solution to be asafe analgesic for minor proceduresin
neonates. However, Carbgjal et al (2001) found there were brief oxygen desaturationsin 7 neonates
during administration of glucose.

6.2  Effectiveness
6.2.1 Pharmacological agents

a. Paracetamol (Acetaminophen)

Acetaminophenisaclinicaly proven anagesic, devating the painthreshold (K ost-Byerly, 2002). According
to Schecter et al (2002) it worksasan anagesic through central inhibition of prostaglandin synthesiswith
minimal inhibition of periphera prostaglandin synthesis. Berdeand Sethna (2002) statethat acetaminophen
has supplanted aspirin asthemost widely used mild analgesicin children. Systematic reviewsby Mooreet
al (1997, 2004) found acetaminophento be an effectiveanadgesia. TheAmericanAcademy of Paediatrics
(2001) wasof the view that the effectiveness of acetaminophen iswell established compared to aspirin.
Perrott et al (2004) found that acetaminophen 7-15 mg/kg hassimilar efficacy for relieving moderateto
severe pain assingledose of ibuprofen (4 - 10 mg/kg).
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The recommended acetaminophen dosein childrenis10 - 15 mg/kg orally 4 timesaday (Kost Byerly,
2002; Schecter et al, 2002). Montgomery, et al (1995) found plasmaconcentration following asingle 45
mg/kg rectal dose of acetaminophen comparableto 10 - 15 mg/kg oral acetaminophen. Based on their
findingsthey suggest that 45 mg/kg rectal acetaminophen wasroughly equivalenttoal10- 15mg/kgord
dose. Korpela, et al (1999) statethat it isnot good clinical practice to administer acetaminophen asan
anagesicfor post-operative pain at recommended recta dosesof 10 - 15 mg/kg, becausethe ED, of rectdl
acetaminophenis35 mg/kg. Anderson, et al (1996) compared oral and rectal acetaminophenin children
aged 3to 15 yearsundergoing tonsi llectomy using pain scoresranging from O (least pain) to 10 (worst pain).
They found low acetaminophen serum concentrationin children receiving recta acetaminophen compared
to ora acetaminophen. Patientsintherecta group required morphine post-operatively. Bremerich, et al
(2000) statethat prophylactically administered rectal acetaminophen givenindosesof 10, 20 or 40 mg/kg
inchildren undergoing cleft palaterepair had no beneficia impact on post-operative pain scores. Rusy, et
al (1995) found rectal dosesof 20to 35/kg wasunsatisfactory totreat pain after tonsillectomy inthe patient
group of 2to 15 years. Pain wasevaluated using standard objective pain score. Gaudreault, et al (1988)
evaluated the effectiveness of 20 mg/kg of rectal acetaminophen givento 1to 8 yearsold undergoing
adenoidectomy and/or tonsillectomy at thetime of induction of anaesthesaand found it unsatisfactory.

Van Lingen, et al (2001) studied the effectsof rectally administered paracetamol on infantsdelivered by
vaccum extraction and found it significantly improved their clinical conditionbut did not resultinasignificant
changein objective pain scores. Korpela, et al (1999) found asingle dose of 40 or 60 mg/kg of rectal

acetaminophen hasac ear morphine sparing effect in day-case surgery in childrenif administered at induction
of anaesthesia. Vander Marcd, et al (2001) studied theana gesic efficacy of rectal and oral acetaminophen
inchildrenafter mgor craniofacia surgery and found that 90% of the patientsin therecta group achieveda
serum concentration greater than 10 pug/ml versus65%in ora group.

Schecter, et al (2002) and Buck (2001) report that the appropriate rectal dose of acetaminophen is
controversial because absorptionissow and often erratic dueto several factors such as placement of the
suppository, degreeof lipophilicity of thevehicleand the pH within therectum. Korpelaet al (1999) state
that rectal acetaminophenisbest givenwithinduction of anaesthesiato allow timefor pesk effects, achieved
only 2to 3 hoursafter administration of rectal acetaminophen. However, Gaudreaullt, et al (1988) found
that rectal administration of acetaminophen at theinduction of anaesthesaresultsinincompleteand delayed
absorption and does not prevent the occurrence of immediate post-operative painin children.

Barden et al (2004) found single doses of acetaminopehen to be effective for acute post-operative pain.
Hamalainen et al (1997) found acetaminophen to be effective in the treatment of severe or moderate
migraine attacksin children. Ho and Keneally (2000) in astudy on the effectiveness of paracetamol as
anagesaintherecovery room and at home, found that children aged 1 to 13 yearswho had herniotomy had
been adequately treated, but paracetamol was not effective asanalgesiain children undergoing orchidopexy
asthey had to be supplemented with stronger analgesics. Tay and Tan (2002) found similar analgesic
efficacy of paracetamol 15 mg/kgwith ora diclofenac resnate 0.5 mg/kg for control of post-operativepan
in paediatric patients undergoi ng outpatient bilateral myringotomy and tubeinsertion.

Bennieet al (1997) compared the post operative analgesic effect of pre-operatively administered oral
acetaminophen 15 mg/kgin children aged 6 months and ol der undergoing myringotomy and foundit to be
ineffective, and patientsneeded rescueanalgesics. Watchaet al (1992) studied the perioperative effects of
oral acetaminophenin children undergoing bilateral myringotomy and found it did not provide better post-
operativecontrol. Inanother RCT of children undergoing ambulatory otolaryngol ogic surgery Watcha, et al
(2003) found the analgesic efficacy of oral acetaminophen (2 g) waslimited to the post discharge period.



Bolton, et al (2002) studied theanalgesic efficacy of pre-operative high dose (40 mg/kg) ord acetaminophen
after bilateral myringotomy and tubeinsertion in children aged between 17 to 72 monthsfound that in-
hospital analgesic efficacy was 87% and the children did not require further analgesics. However, they
found the 24-hour efficacy of acetaminophenwasonly 57% asthe children required further acetaminophen.
Kokki, et al (2004) found that paracetamol did not provide sufficient analgesawhen givento children aged
3 to 15 years who had undergone strabismus surgery as most of them required rescue analgesia.
Acetaminophen wasnot found to ameliorate either theintra-operative or theimmediate post-operative pain
of circumcision but Howard et al (1994) stateit may provide some benefit after the immediate post-
operative period. Shah, et al (1998) found that oral acetaminophen does not reducetheresponseto pain
dueto heel-lance proceduresin newborns. Pappas, et al (2003) in aprospectiverandomised trial found
that plain acetaminophen 10 mg/kg oraly or acetaminophen 10 mg/kg with 1 mg/kg codeineoraly wasnot
the best analgesic regimesfor children undergoing ambul atory surgery for myringotomy and placement
equalizationtubes. Similarly, Mair, et al (2000) found that therewasno differenceinthelevel of pain
control provided by acetaminophen and acetaminophen with codeine.

Moore, et al (2004) found the addition of codeine 60 mg to paracetamol produced additiona painrelief for
post-operative pain, compared to paracetamol done. However, they cautioned that it may be accompanied
by anincreasein drowsinessand dizziness. Di Craen et al (1996) found the combination of paracetamol -
codeineto be more effective than paracetamol alone. Viitanen et al (2003) found that prophylactically
adminigtered recta acetaminophen combined with ibuprofen doesnot improve and ges aafter adenoidectomy
intheimmediate post-operative period compared with either drug alone, but does decrease the need for
analgesaat home. Issioui et al (2002) found that pre-medication with rofecoxib (50 mg) wassignificantly
more effective than acetaminophen (2 gm) in reducing the peak post-operative pain, theneed for analgesic
medication, andimproving thequality of recovery and patient satisfaction.

b.  Non-Seroidal Anti Inflammatory Drugs(NSAIDs)

NSAIDsarestated to be effective analges csin the management of mild to moderate post-operativepainin
children (Romsing and Walther-Larsen, 1997; Litalienand Jacgz-Aigrain, 2001). NSAIDsarefound to be
useful for post-operdtive pain management because of itsdud effect on painandinflammation (Kokki, 2003).

I buprofen

Maunuksela, Ryhanen and Janhunen (1992) studied the efficacy of recta ibuprofen 40 mg/kgin 24 hours
givenindivided dosesin children aged 4 to 12 yearsundergoing ophtha mic, orthopaedic or generd surgery.
Thefirst dosewasgiven pre-operatively and subsequent dosesgiven for up to 3 days. They reported that
theregular administration of ibuprofen decreased the need for opioid analgesic and improved painrelief on
theday of operation and during recovery. Kokki, et al (1994) studied the efficacy of rectal ibuprofen 10
mg/kginchildren aged 1 to 4 yearsundergoing e ectiveumbilical surgery. Thefirst dosewasadministered
pre-operatively and the dose wasrepeated every 6 hoursresulting in 40 mg/kg per 24 hours. They found
that ibuprofen significantly reduced painintensity scoresand significantly reduced morphine consumption.
However, they statethat ibuprofen alone may not be sufficiently potent for therelief of immediate post-
operative painasit only provided effective analgesiain 40% of the patients.

A meta-analysisby Perrott, et al (2004) showed that single dosesof ibuprofen (4 to 10 mg/kg) havesimilar
efficacy to acetaminophen (7 to 15 mg/kg) for relieving moderateto severe pain. Autret-L eca(2003) state
that ibuprofenisequally aseffective asor more than paracetamol asan analgesic and hasalonger duration
of action. Hamalainen, et al (1997) report that ibuprofen iseffectivefor thetreatment of severeto moderate
migraineattacksin children aged 14to 15.8 years. When compared to acetaminophen, they stateibuprofen
gavethebest relief.

10



Viitanen, et al (2003) found that recta ibuprofen 15 mg/kg donegivenimmediatdy after anaestheticinduction
doesnot improveana gesiain theimmediate post operative period after day careadenoidectomy in children
aged 1to 6 years. However, they state when given in combination with rectal acetaminophen 40 mg/kg the
need for analgesiaat homeisdecreased.

Tanabe (2002) found that oral ibuprofen 10 mg/kg alonewas not an effective analgesic for children with
muscul oskel etal trauma. Bennieet al (1997) studied the effectiveness of pre-operatively administered ora
ibuprofen 10 mg/kg in children aged 6 monthsor ol der who underwent myringotomy and reported it was of
no benefit.

Diclofenac
A study onora diclofenac, four studieson rectal diclofenac and astudy ontopical diclofenacfound diclofenac
to bean effective analgesafor children undergoing surgery.

Walterset al (1988) inaRCT involving 75 children, aged 5to 12 years undergoing tonsillectomy done
found that oral diclofenac was an effective analgesic compared to pethidine. Wennstrom and Reinsfelt
(2002) studied 50 A SA class|-I1 children, 4 to 16 years of age who were randomised to receive either
rectally administered diclofenac (Voltaren) 1 mg/kg or 1V opioid (morphine) 0.05 mg/kg peri-operatively
and found diclofenac to be more effectivethan morphine.

Sylaidisand O’ Neill (1998) found twicedaily diclofenac rectal suppositoriesprovided very good analgesia
inchildren 6 monthsto 9 yearsof agefollowing cleft palate surgery. When combined with supplementd ord
paracetamol they found that it obviatestheneed for opiates, resulting in dert infantswho feed well and are
suitablefor early discharge. Baer et al (1992) compared rectal diclofenac (12.5 mg) administered pre-
operatively with paracetamol (125 mg) on post-operative pain and behaviour after adenoidectomy insmall
children, and found diclofenac to be effective analgesia. A comparative study of diclofenac sodium and
paracetamol for treatment of pain after adenotonsillectomy in children aged 3to 14 yearsby Tawal beh,
Nawasreh and Husban (2001) showed that diclofenac sodium hasasignificant effect on decreasing thepain
associated with swallowing post-operatively and onthe general condition of the patient.

Morton, et al (1997) compared the use of diclofenac and oxybuprocaine eyedropsfor peri-operative
analgesiain paediatric patients undergoing strabi smus surgery, and found both topical anagesicsprovided
good to excellent analgesia. Boneand Fell (1988) in astudy on the effectiveness of rectal diclofenac 2 mg/
kg waswith intramuscular papavertum 0.2 mg/kg inthe prevention of pain and restlessnessafter induction
of anaesthesiain 60 children aged between 3 to 13 years undergoing tonsillectomy, found them to be
comparable. However, theuse of recta diclofenac was associated with asignificantly morerapid returnto
camwakefulnessand significantly lesseffect uponrespiratory rate.

Romsing, et al (2000) inaRCT involving 48 children, 5to 15 yearsof agefollowing tonsillectomy compared
theefficacy of diclofenac 2 - 3mg/kg per 24 hours and acetaminophen 90 mg/kg per 24 hoursfor thefirst
three daysafter surgery, found similar efficacy. However, they found it resulted in alower incidence of
nauseaand vomiting in patientsfollowing tonsillectomy.

McGowan, et al (1998) studied 61 children having day case circumcision, comparing penileblock, penile
block plusdiclofenac suppository and diclofenac suppository alone, and found no difference among the
three, except intherecovery areawhen those on diclofenac suppository aone cried more and had ahigher
pai n score than those who had penile block plusdiclofenac suppository.
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A comparison between caudal bupivacaine and intramuscul ar diclofenac sodium on post-operative pain
relief by Ryhanen et al (1994) found that children aged from 11 monthsto 7 yearswho were given
diclofenac needed | ess pethidinethan thosewho were given no ana gesic pre-operatively. However, cauda
bupivaca newas moreeffective than diclofenac for reducing thetotal opioid requirement during thefirst 24
hour after surgery.

Ketorolac

A singleintravenousdose of ketorolac 1 mg/kg administered either beforeor immediately after surgery was
found toimprove post-operative and gesiain children after tonsllectomy (Romsing, 1998). Maikler (1998)
who reviewed 22 studies done on children from newborn to 21 years found ketorolac was superior to
placebo in 2 placebo-controlled studies. However, therewas no conclusive evidencefound for ketorolacin
relation to other ana gesi csincluding morphine.

A prospective, randomised, observer blinded study of 120 children undergoing bilateral myringotomy and
tube placement, showed ketorol ac to provide superior anad gesiacompared with acetaminophen with codeine
or plain acetaminophen (Pappaset al, 2004). Inan RCT, Shende and Das (1999) found ketorolacina
dose of 0.9 mg/kg 1V at the induction of anesthesiato be as effective as pethidine 0.5 mg/kg IV asan
analgesic and isassociated with significantly lessPONV. Watchaet al (1992) found that the children
undergoing bilateral myringotomy who received ord ketorolac had lower post-operative pain scoresand
required lessfrequent analgesic therapy inthe early post-operative period when compared with the children
who received acetaminophen or placebo.

Keiden et al (2004) found that intra-operative ketorol ac is as effective asfentanyl in children undergoing
outpatient adenotonsllectomy. An Italian study by Chiaretti et al (1997) showed that childrentreated with
ketorolacin continuousinfusi on showed better pain relief then thosetreated with ketorolacinbolus. However,
they found that the most efficient anal gesiawas obtai ned with the combination of fentanyl and ketorolac.

Maunuksela, Kokki and Bullingham (1992) obtained smilar pain scoreswhen morphineor ketorolac given
to children between 3 and 12 years of age undergoing el ective surgery. They found that theana gesic effect
after ketorol ac devel oped more slowly but was sustained longer than morphine. Rusy et al (1995) found
that ketorolac hasthe same efficacy ashigh-doserectal acetaminophen for analgesiain patientsundergoing
tongllectomy.

No studies of the effectivenessof ketorolac to reduce painin neonateswerefound.

Ketoprofen

Only two studieswerefound on the effectiveness of ketoprofen amongst the paediatric popul ation. Kokki,
Nikanne and Tuovinen (1998) in adose finding study found that the post-operative analgesic effect in
children aged 1to 7 years, undergoing adenoi dectomy was notable even after thelowest dose of ketoprofen
(0.3mg/kg V). However, the higher doses (1.0 and 3.0 mg/kg) provided better analgesawith noincrease
inadverse eventsor intraoperative bleeding. Salonen, Kokki and Nuutinen (2002) studied the effect of
ketoprofen on recovery after tonsillectomy in children and reported that ketoprofen when combined with
paracetamol -codei ne seemsto provide sufficient analgesiafor pain treatment after discharge.
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c. Opioids

Morphine

Morphineisthe most commonly used opiate (Schecter et al, 2002; Rodriguez & Jordan, 2002). Itisoften
used intheintravenousform, butisalso availablefor ord, rectal, parenterd, intrathecal and epidural use.
Morphinecanbegiven1V, IM, or SC at dosesof 0.08to 0.1 mg/kg incrementsevery 5to 10 minutesfor
thedesired effect. Peak effect occurs 15 to 30 minutesafter IV administration and in 30 to 60 minutes after
IM administration (Rodriguez & Jordan, 2002).

A retrospective study of 44 children aged 14 monthsto 17 yearswho had undergone cardiac surgery and
received continuousinfusion of morphine sulphateat 10 - 30 pg/kg found it provided pain relief without
respiratory depression at serum morphine level less than 30 ¢g/mL (Lynn, Opheim & Tyler, 1984).
Bouwmeester et al (2001) stated that morphineinfusions during the post-operative period of intubated
children aged O to 3 years undergoing magor surgery was associated with low behavioural pain scores. A
RCT by Kim et al (2002) on children aged 5to 18 years admitted in the Emergency Department with
abdomina painfound that intravenous morphine provided significant pain reductionto these children without
adversdly affecting theexamination.

Wennstrom and Reinsfelt (2002) compared rectaly administered diclofenac with morphinein children after
strabismus surgery, and found no differencein pain scores. Semple et al (1999) comparing morphine
sul phate and codel ne phosphatein children undergoing adenotonsi |l ectomy, found no Sgnificant differences
in pain scores, anal gesi ¢ requirements or sedati on scores between the two groupsover thefollowing 24
hours. However, with morphine sul phatetherewas more post-operative vomiting than codei ne phosphate.
Mukherjeeet al (2001) compared fentanyl and morphineas peri-operative analgesiain children undergoing
adenotonsillectomy, found that administration of rescue anti-emetics pain scoresin recovery and pain scores
over thenext 24 hourswere similar between thetwo groups. Rosen et al (2001) compared IV Morphine
(0.1 mg/kgupto10mg IV 30 minbefore CTR) withtopical EMLA cream (5 g per chest tube cutaneousy
3hoursbefore CTR) inthoracostomy tuberemova in children aged 1 monthto 18 yearsfound no differences
inthepain score.

Three studies of continuous morphineinfusion in neonates showed it to be effectivein controlling post-
operative pain. Farrington (1993) studied the efficacy and safety of morphine sulphatein 20 neonatesand
satethat continuous morphinetherapy waseffectivein controlling neonata post-operativepain. Berdeand
Sethna (2002) found that morphineinfusionsduring the post operative period in intubated neonateswere
associated with low behavioura pain scores. Anand et al (2004) studied morphine analgesiaon ventilated
preterm neonatesand found lessclinica signsof pain, but significant adverse effects.

Fentanyl

Fentanyl providesana gesiawith arapid onset and short duration of effect, athough with repeated dosing or
prolonged infusions, it becomeslonger acting (Shafer & Varvel, 1991; Santeiro et al, 1997). It hasbeen
foundto betheided analgesicfor short, painful procedures (Rodriguez & Jordon, 2002) and well suited for
outpatient surgery (Schecter et al, 2002). Manjushree et al (2002) found both intranasal and intravenous
fentanyl provide adequate post-operative analgesiain pediatric patients, athough theformer required a
higher drug dosage with dower onset of analgesia.

Inaprospective RCT on 52 children randomly assigned to receiveintravenousketorol ac and/or fentanyl,

accordingto four different anagesic treatments, Chiaretti et al (1997) found the combination of ketorolac
with fentanyl favourablefor moderate to severe post-operative pain therapy. Mukherjeeet al (2001) ina
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study of 60 children undergoing adenotonsillectomy comparing 1V fentanyl 1 pg/kg intra-operatively and
IM morphine 100 pg/kg at induction, found similar pain scoresin recovery and over the subsequent 24
hours. Another RCT by Saarenmaaet al (1999) on 163 infants, gestational age of 24 weeksand more,
found fentanyl to be superior to morphinefor short-term post-nata analgesiain newborns.

Two studiesshowed that oral transmucousal fentanyl citrate waseffectivefor acute painrelief. Sharar et al
(2002) compared ora transmucosal fentanyl citrate (OTFC, approximately 10 pug/kg) and oral oxycodone
(0.2 mg/kg) in 22 pediatric outpatient wound care procedures (ages 5 to14 years) and concluded that
OTFCwasan effectiveanagesic. Ginsberg et al (1998) studied children aged 4 to 12 yearsundergoing
surgery, whoweregiven a10 pg/kg oral (OTFC) and instructed to suck the OTFC until pruritisappeared
or until theentiredosewas consumed, found it effectivewithout causing clinically sgnificant changesinvita
signsor oxygen saturation.

Borland, Jacobsand Geelhoed (2002) found intranasal fentanyl reduced acute painin children between 3
and 12 yearsintheemergency department. Galinkin, et al (2000) studied the use of intranasal fentanyl in
children undergoing myringotomy and tube placement during hd othaneand sevofluraneanesthesia, concluded
that it was associated with diminished post-operative agitation without an increasein vomiting, hypoxemia,
or dischargetimes.

Mendell et al (1995) studied 54 ASA | and 1 children 1 to 10 yearsof age under-going strabismussurgery
who wererandomised to receivein adouble-blind fashion IV ketorolac (0.9 mg/kg), fentanyl (1 pg/kg), or
saline placebo (2 mL) during astandardized general anesthetic. They concluded that fentanyl was not
associated with lessanal gesi ¢ requirements compared to saline placebo administered, and advised that
fentanyl beavoided, asit was associated with asignificantly greater incidence of post-operativevomiting
compared to ketorolac or placebo.

Keidan, et al (2004) inan RCT of 57 ASA | and Il children aged 1.71 years undergoing outpatient
adenotonsillectomy found no difference between IV ketorolac (1 mg/kg) or fentanyl (2 ug/kg) for post-
operativepain control.

Patient Controlled Analgesa(PCA) isthe primary mode of management of moderateto severepainin
older children and adol escents. According to K ost-Byerly (2002) children are often lessanxiouswhen
they feel they have control over their pain. Morphineisthe standard opioid agonist for paediatric PCA
(Gillepsieetal, 1992). Gaukroger, Tomkinsand van der Walt (1989) reported that PCA was effective
for children who had undergone mgjor orthopaedic or general surgery. Gaukroger, Chapman and
Davey (1991) concluded that PCA provided good quality analgesiato children whose agesrangefrom
4.7510 14 yearswith severe burnsrequiring debridement and grafting. Till et al (1996) evaluated the
feaghility of PCA following laparoscopi c and open appendicectomy in 90 children and concluded that
PCA isan effective and feasi ble method, and that consumption of analgesicswassignificantly reduced
with PCA.

Shinet al (2001) found intravenous PCA to be effectivefor pediatric patientswho have moderateto severe
pain after operationssuch asrib cartilage graft, iliac bone graft, and large flap surgeries. An Italian study
undertaken by Marchetti, Calbi and Villani (2000) also found PCA to be effectivein controlling post-
operativepain. McDonald and Cooper (2001) state that PCA when used with adequate monitoringisa
well tolerated technique with high patient and staff acceptance and recommend PCA to beregarded asa
standard for the delivery of post-operative analgesiain children aged above5years.
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Four studiescompared PCA with conventiona method of using morphine. Rodriguez, et al (1997) compared
PCA and conventional intravenousanagesiagiven every 6 hoursfollowing surgery in 30 patientsaged 6 to
14 yearsand found both techniques had similar effects. They found the PCA techniqueto be better in
treating post-operative stressresponse following paediatric surgery. However, Peters, et al (1999) found
no significant differencein pain scoresbetween PCA and conventiond intravenousanadgesiausing morphine.
Accordingto Berdeet al (1991) and Bray et al (1996) children who use PCA have better painrelief with
less sedation and report higher levels of satisfaction than patientswho received intermittent bol uses of
intravenousmorphine.

A Spanish study by Moreno, Castejon and Palacio (2000) compared PCA and conventional method
dispensed with Ketorolac IV and found both methodsequal ly effective but the efficiency washigher inthe
PCA group.

d. Local AnaestheticAgents

Lidocaine-prolocaine cream

A meta-anaysisby Taddio (1997) showed that EM L A diminishes pain during circumcision but not for other
proceduressuch asheed lancing, venepuncture, arteria punctureand PV C placement. However, Lander et
al (2003) found EMLA to be effectivein reducing procedure-related pain in venapuncture, intravenous
cannulation, lumbar puncture and bone marrow aspiration, when applied to the skin one hour prior to the
procedure. Choi et al (2003) in aprospective RCT found pre-operative application of EMLA creamto be
an effective and ssimple method to produce post-circumcision analgesia. Inan earlier study Lander, et al
(1997) found EMLA to belesseffectivethan ring block.

6.2.2 Non-Pharmacological Agents
a. Behavioural I nterventions

Multisensory simulation
ANnRCT onmulti-sensorid stimulation showed that sensorid stimulation (tectile, vestibular, gudtative, olfactory,
auditory, visual) was an effective analgesic for heel prick in pre-terminfants compared to glucose plus
sucking (Bdllieni, 2001).

Non-nutritive sucking (with pacifier)

Sucrose and pacifier

Threesmall RCT suggested that the combination of sucrose and pacifier ismore effective than sucrose
doneinterminfantsduring hed prick (Blasset al, 1999), venepuncture (Carbgd et al, 1999) and circumcision
(Herschel et al, 1998).

Glucose and pacifier

A study in preterminfantslessthan 32 weeks gestation for subcutaneousinjection showed that the synergistic
effect of glucose plussucking apacifier islessobviousinvery pre-terminfantsthanterminfants(Carbgd et
al, 2002). Another study by the same author |ooking at glucose and sucking apacifier for venepuncture
showed the synergistic effect in terminfants measuring using both DAN (Douler Aigue Nouveau-ne) and
PIPP score (PIPP scoreisavaidated scorelooking at behavioral and physiologicd painindicatorstogether
whereasthe DAN scale hasnot been validated athough that it can gradethe degree of perception of pain)
(Carbagjal et al, 2003).
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Breast feeding
2 sudiesshowedthat breast feedingisan effectiveand ges cinterm-infantsundergoing venepuncture (Carbgd
et al, 2003) and heel prick (Gray et al, 2002).

Skin-to-skin contact

A study on skin-to-skin contact asan analgesicinterm-infantsundergoing heel prick by Gray, et al (2002)
did not have enough evidence of itseffectivenessasother comforting measurewereinadvertently introduced
by motherse.g. speaking and making clicking noises.

b.  Cognitivelnterventions

Distraction

Distractioninterventionscan vary from simplethingsthat can be manipul ated such asthe ka e doscopeto
other distraction techniques such asmusic, cartoon movies, blowing air, blowing bubblesand touch.

Kaleidoscope

According to Vessey, Carlsonand McGill (1994) who used kal el doscope asadistraction technique, children
perceived less pain and demongtrated lessbehaviora distressthen the control group who received comfort
by physical touch and soft voices. However, astudy by Carlson, Broome and Vessey (2000) showed that
theuseof kaleidoscopesdid not significantly reduce pain or distressduring venapuncturesor |V insertions.

Blowing Out Air

ANnRCT on 149 children by French, Painter and Coury (1994) found childrenwho weretaught to blow out ar
during their immunisation shotshad significantly fewer pain behaviour and demongrated atrend toward lower
subjectively reported pain. Peretz and Gluck (1999) found deep breathing and blowing out air wasan effective
digracting technigueprior toand during theadminidration of locd anaestheticin patientsundergoing denta procedures

Bubble Blowing
Sparks (2001) found that encouraging children needing DPT immuni sation to blow bubblesdecreased pain
effectivdy.

Touch
Sparks (2001) a so found touching children asaform of distraction helped to decreasetheeffect of injection
painduring DPT immunisation.

Music

Berlin (1998) found that music therapy waseffectivefor children undergoing invasive proceduresin the
emergency department. However, Aitken et al (2002) found music asadistraction was not effectivefor
children ages4to 6 yearsundergoing restorative dentistry.

Fowler-Kerry and Lander (1987) a so found combining suggestion and music distraction did not further
enhancepanrdief comparedto useof distraction aone. However, they state age asanimportant determinant
of the success of distraction.

Cartoons

Cassdy etal (2002) used audiovisud didtraction on pre-school childrenwhowerereceaiving thair immunisation
and found watching cartoonsdid not distract children during needleinjection nor reducetheir pain. Landolt
et al (2002) also found that cartoon movieswere not sufficiently powerful in reducing burned children’s
distressduring dressing changes.
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6.2.3 Other Modalities

Sucrose

A meta-andydsby Steven, Yamadaand Ohlsson (2001) showed that sucroseiseffectivefor reducing procedurd
paininneonatesfrom singlehed lance or venepuncture. Thereviewersrecommend theroutine use of sucrose
0.012 - 0.12g to be administered gpproximately 2 minutes prior to singlehed lance or venpuncturesfor pain
relief in neonates. Three other small RCT also showed that sucroseto beeffectiveasananadgesic (Orset al
1999; Blasset al 1999; Carbga et al 1999). However, theeffectivedosewasfound tovary inal thestudies.

Glucose

Two studies suggest that concentrated glucose may be an effectiveanagesic for hedl prick (Skosgddl, et al
1997) and venepuncture (Deshmukh, et al 2002) interminfants. However thetwoindividua studieswere
small. Kassand Holman (2001) reported that glucoseisineffectivein circumcision.

Artificial sweetener (cyclamate [10 parts] + saccharin [9 parts])
A study on artificial sweetener on heel prick in 80 term infants, age 4 daysold suggested that it wasan
effectiveanagesic (Bucher et al, 2000).

6.3 Pain Assessment

6.3.1 Pain assessment tools

Infants display behavioural responsesto painful stimuli and nurses usethese asbehavioural cuesto help
them identify childrenin pain. Three cross-sectional studies (Fuller & Conner, 1995; Rushforth, 1994;
Grunau et al, 1990;) and aRCT (Taddio et al 1995) identified thekey indicatorsof children’spain asthe
including: square, angular mouth shapes, chin quiver, closed eyes, funnel concavetongue, parted lipsand
stretched brow bulge, eye squeeze, nasolabial furrow and open mouth. Behavioura indicatorshavein
common, changesin achild’ sbehaviour such ascrying, facia expressons, motor responses, body posture,
activity, undue quietness, restlessness and appearance, and based on these behavioural indicators, pain
assessment toolshave been devel oped. Teder et al (1991) indicateswhatever scae used must begppropriate
for the cognitive devel opment of thechild.

. Premature Infant Pain Profile (PPIP)

PPIPisa7 indicator composite measure developed to assess acute pain in pre-term and term infants
(Stevens, 1990). Nurseswho implemented the flow sheet had patientswho were assessed for pain more
frequently and received more narcotic analgesics. Ballantyne (1999) validated thetool and reported that
PP Pisapainmeasurewith good congtruct vaidity and excdllent inter- andintra-rater reliability for assessment
of procedura pain of pre-termandterminfantsintheclinical setting.

. Neonatal Infant Pain Scale (NIPS)

TheNeonatal Infant Pain Scale (NIPS) isbased on the measurement of facial expression, cry, breathing
patternsand state of arousal . According to Lawrence, Alcock and M cGranth (1993) the concurrent validity
by correl ation between NIPS scores at each minute of observation and scoreson visual analogue scale,
ranged from 0.53t0 0.84. Inter-rater reliability of thetool isstated to be high with Pearson’s correlation
ranging from 0.92t0 0.97 across success ve minutes of observation.

Pereireet al (1999) found NIPSto be asuitableinstrument for neonatal pain. Blauer (1998) compared

NIPS with two other neonatal pain scales, the comfort scale and the SUN, and found that NIPS had a
significantly larger coefficient of variation (CV 188% + 99%), and less easy to use compared to the SUN.

17



. Neonatal Facial Coding System (NFCS)

TheNeonatd Facid Coding System (NFCYS) isan anatomically based sysemfor ngfacid expresson
(Grunau, 1990). According to Pereireet al (1999), the NFCSisasuitableinstrument for eval uation of
neonata pain.

. Crying Requires Oxygen for saturation above 95, Increased vital signs, Expression and
Seeplessness (CRIES)

Crying Requires Oxygen for saturation above 95, Increased vital signs, Expression and Sleeplessness
(CRIES) isatool that is easy to remember, and can be used for procedural and post-operative pain
assessment ininfantsaged 1 to 12 months. It tracks pain and the effects of analgesicsin neonatesdownto
32 weeks gestational age. According to Krechel and Bildner (1995), thetool hasinter- and intra-rater
reliability of morethan 0.72. However, the disadvantage of thistool isthat, oxygenation can beaffected by
many other factors, and a so, blood pressure measurements may upset babies.

. The Liverpool Infant Distress Scale (LIDS)
TheLiverpool Infant Distress Scale(LIDS) isascoring measure devel oped from anaysing videotaped pain
behaviours (Horgan & Choonaran, 1996). Thistool isstill under devel opment.

. Children’'s Hospital of Eastern Ontario Pain Scale (CHEOPS)

Children’sHospital of Eastern Ontario Pain Scale (CHEOPS) wasused by Taddio et al (1994), to study
vaccination painininfants. They found theinter-rater reliability of the CHEOPS to be above 90% and
correlations between individual and total scoresto rangefrom 0.50 - 0.86. In another study Taddio et al
(1995) used CHEOPSto study painin 96 healthy infantsaged 4 - 6 months undergoing immunisation, and
found that thetool hasbeginning construct and concurrent vaidity andinter-rater reliability. However, they
suggest further testing of themeasurein clinica settingsto ensureitsvaidity and reiability.

. The Faces, Legs, Activity, Cry and Consolability (FLACC)

TheFaces, Legs, Activity, Cry and Consolability (FLACC) pain assessment scalehad itsvalidity tested by
Manworren and Hynan (2003) in 147 hospitalized children aged lessthan 3 years, where the changesin
scoreswere measured inresponseto analgesics. They found the FLACC pain assessment tool appropriate
for pre-verba childrenfor painfrom surgery, trauma, cancer and other diseases. Voepd-lewisand Merkel
(2002) found FLACC auseful objective measure of post-operativepainin children.

. Toddler Preschooler Post-operative Pain Scale (TPPPS)

Thereliability and validity of Toddler Preschooler Post-operative Pain Scale (TPPPS) was evaluated by
Tarbell (1992) in 74 children aged 1 to 5 years. Shefound TPPPSto possess satisfactory internd reliability
(Cronbach’salpha= 0.88) and good inter-rater reliability.

. FacesPain Scale

The utility of the Faces Pain Scale was studied by Goodenough (1997), who compared it with 3 self-
reported measures of painintensity in 50 children 4 to 6 yearsold receiving intramuscular injection. She
found the scalewassmpleto use, readily understood by the children and that it showed aredistic distribution
of scoreswith respect to thetype of pain being measured.

. S f-reported Tools

Self-reported tools have been found to be more appropriate for children 4 years and older, who can
communicate (van Cleve & Savendra, 1993). Itisconsidered the* gold standard” for assessing children’s
pan(McGrathetal, 1996). PAmeroand Drotar (1996) foundthat childrens' self-reportsprovideinformation
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onwhich health professionalsmay reliably predict post-operative pain. Accordingtothe USAgency for
Health Care Policy & Research (1992), children over theage of 7 or 8 years, who understand the concept
of order and numbers, can useanumerical rating sca e or ahorizontal word graphicrating scale. Gafneand
Dunne (1986) and Savendraet al (1993), found children of school-going age capable of providing graphic
descriptionsof their pain. Teder et al (1991) report strong evidence to support the use of word-graphic
rating scaeto measure painintensity in childrenaged 8to 17 years.

. Coloured Analogue Scale (CAS)

Coloured Anaogue Scale (CAS) has been recommended by McGrath et al (1996) in childrenaged 5
yearsand aboveto facilitate regular documentation of achild’spain. Thetraditional VAS (seebelow) for
routinely ng children’spain, with black linesdrawn on paper, may beahasde, sincethe staff must
measurethe child’ sresponse using aruler. However, although the CAS hasbeen rated to beeasier to use,
itsconstruct validity hasyet to be ascertained.

. Visual Analogue Scale (VAS)

Visual analogue scales (VAS) have been used in children aged 8 years or moreto assesspain (Berde &

Sethna, 2002). Berdeet al (1991), McGrath (1991), and Abu Saad (1984), state that children asyoung
asbyearsof ageareableto usethe VAS, inwhich they mark alinewhereitslength matchesthe strength of
thelr perception of pain. Priceet al (1983, 1991) and McGrath et al (1985) found that VAS pain measures
hasratio-scale propertiesthat can provide accurate estimates of ratiosof pain intensity and percentage of
changesin pain. However, Fradet et al (1990) and Tyler et al (1993), claimthat it islessuseful inyounger
children (3 to 8 yearsold) compared to older children or adults. A much better tool for thesechildrenare
saidto bethe TPPPS (Tarbell et al, 1992) and CHEOPS (M cGrath et al, 1985; Barrier et al, 1989).

6.3.2 Subjective assessment

Anumber of sudiesindicatetheimportanceof children’s families, especidly parents, identifying their children’s
pain behaviour (Coffman et al, 1997; Chamberset al, 1996; Finely et al, 1996; Wilson & Doyle, 1996;
Reidetal, 1995). A positive correl ation wasfound between mothers’ perception of pain and the behavioura
and physiologica responsesof childrento painful stimuli (Stein, 1995).

However, some studies have also indicated that children’s estimate of pain can differ from that of their
parents (Palmero & Drotar, 1996; Jylli & Olsson, 1995) and parents may not be as accurate as their
childrenin describing thepain (Wilson & Doyle, 1996).

6.4 Cost Effectiveness

Norelevant literature on cost implicationsof pharmacol ogica and non-pharmacologica interventionswas
obtained.
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7. CONCLUSIONS

7.1 Pharmacological agents

a. Acetaminophen (Par acetamal)

Thereissufficient evidenceto show that risk of devel oping toxic reactionsto acetaminophen when used at
therapeutic doses, isminimal, although it is hepatotoxic with inappropriate or excessivedosing, impaired
liver function, ingestion of acetaminophen together with another hepatotoxic drug, aswell aswith rectal
administration, which may produce high peak drug levels.

Thereisgood evidence on the effectiveness of paracetamoal in providing acute post-operative pain control
invarioussurgical procedures, whether given pre-operatively or intheimmediate post-operative period.
Rectal acetaminophen hasnot been to be effectivein controlling pain satisfactorily. Evidencea so shows
that combining paracetamol with other analgesicslike codein, diclofenac, ibuprofen or rofecoxib doesnot
provide superior pain control compared to using paracetamol aone.

b. Non-steroidal anti-inflammatory agents(NSAIDs)

Nauseaand vomiting are common side effects associated with NSAIDs It may also cause mild to severe
homeostasi sdefects peri-operatively. Thereissufficient evidenceto show that ibuprofen, diclofenac, ketorolac
and ketoprofen arereasonably safe. Thereisa so evidencethat they are effectiveinrelievingimmediate
post-operative and during recovery for various ophthalmic, ear, nose and throat surgical proceduresthat
areadministered through variousroutesi.e. ord, intravascular, intramuscul ar, rectal or topical.

C. Opoids

Thereisevidencethat opoidscan cause hypotensi on and respiratory depressionin high doses. Fentanyl has
been found to causefewer side- effects compared to morphine. Thereisa so sufficient evidenceto show
that opiodsare potent analgesicsfor moderateto severe pain. Their sedative and analgesic effectsaredose
dependent. Thereissufficient evidencethat morphineand fentanyl are effectivefor relief of moderateto
severepain post-operatively invarioussurgical procedureslike ophthamic, ENT, cardiac procedures, and
procedures carried out during the neonatal period Evidence also showsthat the synthetic opiod, fentanyl, is
100 times more potent than morphine, and is effective for out-patient procedural care either inthe out-
patient setting or emergency department, dueto itsrapid onset and short duration of action. Itisalso
effectivefor acutepainrelief by administration through transmucosal and intra-nasal routes. Patient controlled
ana gesiahasa so been found to be effectivefor the management of moderateto severepain post-operatively
inolder children and adolescents.

d. L ocal anaesthetic agents

Most evidenceindicatesthat Lidocane-prolocaine cream issafe astopical analgesiafor pain associated
with circumcision and medical procedures such as venepuncture. However, there is a risk of
methemoglobinemiaparticularly in prematureinfantsaswell asterminfantsaged lessthan 3months. Itis
effectivefor reducing pain during circumcision but the evidence of itseffectivenessfor andgesainmedica
proceduresisinconclusive.

20



7.2 Non-pharmacological modalities

a. Behavioural I nterventions

Thereisevidencethat skin-to-skin contact isasafeintervention against paininthe newborn, but thereis
insufficient evidenceonitseffectiveness. Asfor the other behaviourd interventions, thereisaso insufficient
evidenceonthear effectiveness.

b. Cognitiveinterventions
Thereislimited evidence ontheeffectivenessof cognitive behaviourd interventionsto reducepain stimuli.

7.3 Other modalities

a. Sucrose

Evidence showsthat sucrosehasminimal sdeeffects. isasafeand effectiveintervention against procedural
painintheterm newborn. Preterminfantsmay berisk if repeatedly used.

b. Glucose
Thereissomeevidencethat glucoseisasafeintervention against pain associated with minor proceduresin
neonates, but findingson itseffectivenesswereinconclusive.

C. Artificial sweetener
Thereisinsufficient evidenceon itseffectiveness.

There was no available evidence on the cost benefits of pharmacological and non-pharmacological
interventions.

74  Assessment tools

Thereare severa pain assessment toolsthat can be used to measure painin thedifferent agegroupsi.e. pre-
terminfants, infants, neonates, infantsand children. Children’sfamilies, especidly parents, areimportant in
identifying children’sbehaviour in responseto painful stimuli though thesemay not be asaccurate asthat of
thechild.

©

RECOMMENDATIONS

a Pharmacol ogical agentslike acetaminophen, NSAIDslikeibuprofen, diclofenac, ketorolac and
ketoprofen, and opiodslikefentanyl are safe and effective analgesicsfor usein varioussurgical
proceduresthat produce mild, moderate and severe painful stimuli. However, the side effects of
these need to be taken into consideration with constant monitoring carried out.

b. Pain assessment tool staking into consideration parents’ assessment and/or child’'sself report can
be used to measure pain.
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Appendix 1
SEARCH STRATEGY: RATIONAL USE OF ANALGESICS IN PAEDIATRICS

The search sought to identify both published and unpublished studies. There was no limitation to language.
Studies were limited to human subjects from 0-18 years of age.

1 Analgesics— pharmacol ogical

Databases searched were PubMed / Medline, Austhealth, CINAHL, Biosis, Embase, The Cochrane Library,
hotboot, PsycL it, Database of Abstracts of Reviews and Googlesfrom 1980 to 2004. Handsearch of journals
not included in the electronic database were also searched.

The following were the keywords used either singly or in combinantion — analgesic(s), pain, management,
treatment, post operative, procedure, venesection, intravenous cannula, bone marrow aspiration, lumbar puncture
patient controlled analgesics, analgesia, analgesic drugs, acetaminophen, paracetamol, NSAIDs, |buprofen,
ketorolac, ketoprofen, opioids, morphine, fentanyl, emlacream, paed*, paediatric(s), child*, neonate, infant,
juvenile, efficacy, effectiveness, adverse effects, side effects, safety,cost- benefit and cost effectiveness.

2. Analgesics—non-pharmacol ogical

Databases searched were PubMed / Medline, Austhealth, CINAHL, Biosis, Embase, The Cochrane Library,
hotboot, PsycL it, Database of Abstracts of Reviews and Googlesfrom 1980 to 2004. Handsearch of journals
not included in the electronic database were also searched.

Thefollowing werethekeywordsused either singly or in combinantion—pain, child*, children, paed*, paediatrics,
neonates, infants, treatment, management, analgesics, , non pharmacol ogical, distraction, music, cartoons, art,
kal ediscope, blow-bubbl es, post operative, procedure, venesection, intravenous cannula, bone marrow aspiration,
lumbar puncture, effectiveness, adverse effects, safety, cost-benefit and cost-effectiveness.

3. Pain assessment
Database searched were Embase, CINAHL and Medline /Pub Med from 1980 to 2004 using the following

key words or terms: “pain assessment” , “pain scores’, child*, children, paed*, paediatrics, neonate and
infants.
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Appendix 2

LEVELSOFEVIDENCE

L evel Srength of Evidence Study Design
1 Goaod Meta-analysis of RCT, Systematic review
2 Good Large sample RCT
3 Goodto Fair Small sample RCT
4 Goodto Fair Non-randomised controlled prospectivetrial
5 Fair Non-randomised controlled prospectivetrial with historical
control
6 Fair Cohort studies
7 Fair Case-control studies
8 Poor Non-controlled clinical series, descriptive studies multi-centre
9 Poor Expert committees, consensus, case reports anecdotes

SOURCE: ADAPTED FROM CATALONIAN AGENCY FOR HEALTH
TECHNOLOGY ASSESSMENT, (CAHTA) SPAIN
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