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Section 1.0

Background

1.1 Introduction

This guidance was originally commissioned by the

Association of Paediatric Anaesthetists of Great Brit-

ain and Ireland (APA). It is intended to be used by

professionals involved in the acute care of children

undergoing pain management after surgery or for

painful medical procedures. It is designed to provide

evidence-based information on the efficacy of analgesic

strategies such that an informed choice of analgesics

that are appropriate for the patient and clinical setting

can be made. The document includes advice on the

assessment of pain, a summary of current evidence for

the efficacy of analgesic strategies, including evidence-

based recommendations grouped according to named

procedures, and a resume of analgesic pharmacology.

This is the second edition of the guidelines – it was last

published in 2008.

1.2 Guideline development committee

Richard Howard Pediatric Anesthetist

Pain medicine specialist

Chair

Bernadette Carter Professor of Children’s Nursing

Representing RCN

Joe Curry Pediatric Surgeon

Representing BAPS

Anoo Jain Neonatologist

Representing RCPCH

Christina Liossi Pediatric Psychologist

Senior Lecturer in Health Psychology

Neil Morton Pediatric Anesthetist

Pain medicine specialist

Kate Rivett Lay Representative

Mary Rose Pediatric Anesthetist

Pain medicine specialist, Representing BPS

Jennifer Tyrrell Pediatrician

Representing RCPCH

Suellen Walker Pediatric Anesthetist

Senior Lecturer in Pain Medicine

Glyn Williams Pediatric Anesthetist

Pain medicine specialist

1.3 Use, scope, and intention

This guidance was developed by a committee of health

professionals with the assistance of a patient representa-

tive. It was published following a period of open public

consultation, including advice from representatives

from patient groups and professional organisations. It

is intended for use by qualified heath professionals who

are involved in the management of acute pain in chil-

dren. In its present form, it is not suitable for use by

other groups. At the present time, and largely because

of resource limitations, no consumer guide is planned to

enable the recommendations to be easily interpreted by

those who do not already possess knowledge and train-

ing in the field of children’s acute pain management.

The guidance is relevant to the management of chil-

dren 0–18 years undergoing surgery or painful proce-

dures in hospital settings. It includes recommendations

for pain assessment, general principles of pain manage-

ment, and advice on the use of pharmacological and

nonpharmacological pain management strategies for

specific medical and surgical procedures.

Procedures

The procedures are divided into two categories, painful

diagnostic and therapeutic (Medical procedures; Sec-

tion 4) and surgical procedures (Postoperative pain;

Section 5). Guidance covers the management of acute

pain during medical procedures and after surgery. It

does not include advice on the intraoperative manage-

ment of pain unless it is relevant to postoperative man-

agement or is otherwise stated, for example, the use of

perioperative nerve blocks.

The procedures that have been included are not

exhaustive and were selected by the committee because

they are relatively commonplace and, or, because it was

expected that there would be sufficient publications to

allow recommendations to be made on the basis of an

adequate level of evidence. For each procedure, there is

a brief description, list of recommendations, and ‘good

practice points’ followed by a discussion of the relevant

published evidence including Evidence tables (see below)

summarizing the level of evidence available for the effi-

cacy individual analgesic strategies.

doi: 10.1111/j.1460-9592.2012.3838.x
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Evidence tables

Evidence tables are intended to allow the reader a rapid

assessment of the strength of supporting evidence for indi-

vidual analgesics or analgesic strategies relevant to the

procedure in question. Evidence tabled as ‘Direct’ is that

derived from studies that have specifically investigated the

procedure in question. ‘Indirect’ evidence is derived from

studies of procedures that the committee considered to be

sufficiently similar, in terms of expected pain intensity, to

allow extrapolation of evidence. Recommendations have

not been formulated on the basis of indirect evidence.

1.4 Methodology and evidence grading,
good practice points

Systematic methods were used to search for evidence.

Electronic searches were performed on the published

literature between January 2006 and December 2011.

Search strategies including databases and keywords are

described in detail in Appendix 1, the technical report.

The bibliographies of meta-analyses, systematic

reviews, and review articles published during this per-

iod were also scrutinized for relevant articles. Studies

in English were included if they were directly relevant

to the patient population and procedures. Abstracts

were obtained to confirm inclusion or exclusion where

necessary. Full text versions of included articles were

obtained, a tabulated data extraction method was used

to summarize the articles, and they were graded from

1 to 4 according to the criteria in Table 1.

Recommendations were formulated, where appropri-

ate, and graded from A to D according to the crite-

ria described in Table 2 using guidance published by

the Scottish Intercollegiate Guidelines Network

(SIGN), which are available at: http://www.sign.

ac.uk/methodology/index.html and the National Insti-

tute of Clinical Evidence (NICE) http://guidance.

nice.org.uk.

Good practice points indicate best practice based on

the clinical experience and opinion of the guideline

development committee but not necessarily supported

by research evidence; they are provided in situations

where published evidence is insufficient to make a

formal recommendation but the committee wish to

emphasize an important aspect of good practice.

1.5 Supplementary material

The following supplementary material is available for

this guideline:

Appendix 1. Technical Report

Appendix 2. Implementation, cost effectiveness and

audit

Appendix 3. Research implications

Please note: Wiley-Blackwell are not responsible for

the content or functionality of any supplementary

materials supplied by the authors. Any queries (other

than missing material) should be directed to the corre-

sponding author for the article.

Table 2 Grading of recommendations

A At least one meta analysis, systematic review, or RCT rated

as 1++, and directly applicable to the target population; or A

systematic review of RCTs or a body of evidence consisting

principally of studies rated as 1+, directly applicable to the target

population, and demonstrating overall consistency of results

B A body of evidence including studies rated as 2++, directly

applicable to the target population, and demonstrating overall

consistency of results; or Extrapolated evidence from

studies rated as 1++ or 1+

C A body of evidence including studies rated as 2+, directly applicable

to the target population and demonstrating overall consistency of

results; or Extrapolated evidence from studies rated as 2++

D Evidence level 3 or 4; or Extrapolated evidence from studies rated

as 2+

Table 1 Criteria for assigning levels of evidence

Evidence levels

1 1++ High quality meta-analyses, systematic reviews of RCTs,

or RCTs with a very low risk of bias

1+ Well-conducted meta-analyses, systematic reviews of RCTs,

or RCTs with a low risk of bias

1) Meta-analyses, systematic reviews of RCTs, or RCTs with a

high risk of bias

2 2++ High quality systematic reviews of case–control or cohort

studies. High quality case–control or cohort studies with a very

low risk of confounding, bias, or chance and a high probability

that the relationship is causal

2+ Well-conducted case–control or cohort studies with a low

risk of confounding, bias, or chance and a moderate probability

that the relationship is causal

2) Case–control or cohort studies with a high risk of

confounding, bias, or chance and a significant risk that the

relationship is not causal

3 Non-analytic studies, e.g. case reports, case series

4 Expert opinion

2 ª 2012 Blackwell Publishing Ltd, Pediatric Anesthesia, 22 (Suppl. 1), 1–79



1.6 Contact information

Correspondence in relation to this guideline should be

addressed to:

Dr RF Howard FRCA FFPMRCA

Association of Paediatric Anaesthetists of Great

Britain and Ireland

21 Portland Place

London W1B 1PY, UK

apagbiadministration@aagbi.org

1.7 Conflicts of interest
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His department has received research funding from
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Section 2.0

Executive Summary and Quick Reference Guide

Contents

2.1 Introduction

2.2 Pain assessment

2.3 Medical procedures

2.4 Procedural pain in the neonate: general recommendations

2.5 Procedural pain in the neonate: specific recommendations

2.6 Procedural pain in older children

2.7 Postoperative pain

2.1 Introduction

This evidence-based guideline for the management of

postoperative and procedural pain in children was devel-

oped by a multidisciplinary guideline development group

of the Association of Paediatric Anaesthetists of Great

Britain and Ireland with representation from consumers,

the Royal College of Paediatrics and Child Health

(RCPCH), the British Pain Society (BPS), the Royal

College of Nursing (RCN) and the Faculty of PainMedi-

cine of the Royal College of Anaesthetists (FPMRCA).

The guideline was complied using methodology devel-

oped by the Scottish Intercollegiate Guideline Network

(SIGN). Descriptions of levels of evidence, grading of

recommendations and their associated symbols can be

found in Section 1.0 and in the technical report, Appen-

dix 1, of the supplementary materials. The guideline was

developed for the use of health professionals. It is

intended to inform decision making in the management

of acute postoperative and procedural pain. This is the

second edition of the guideline, it supersedes previous

versions. The guideline will be updated every 5 years.

The guideline comprises evidence-based ‘Recommenda-

tions’ and ‘Good practice points’. Recommendations are

graded A–D according to the strength of evidence under-

pinning them, the grading does not reflect the impor-

tance of the recommendation. Good practice points

indicate best practice according to the clinical experience

and opinion of the guideline development committee.

Not all recommendations are included in this quick

reference guide, common abbreviations and complete

details are available in the relevant sections of the

guideline.

2.2 Pain assessment

Pain assessment and measurement of pain intensity are

vital components of good pain management practice.

Self-report of pain by children who are able to do so,

observation of behaviors or physiological parameters that

are known to reflect pain intensity using a standardized

pain ‘measure’, ‘instrument’, or ‘tool’ are options. To

select an appropriate method, the principles and limita-

tions of standardizedpainmeasuresmust beunderstood.

A simple guide to valid measures for postoperative

and procedural pain is given in Table 1. But please

note that reliance on chronological age as the sole

indicator of a child’s capacity to self-report will inevi-

tably generate both false positives (invalid scores from

children who do not understand the scale) and false

negatives (not obtaining valid scores from children

who do understand the scale but were not asked).

Good practice points
To assess pain, effective communication should occur
between the child whenever feasible, their family or ca-
rers, and the professionals in themulti-disciplinary team.

Standardized instruments should be used in their final
validated form. Even minor modifications that alter
the psychometric properties of the tool may bias clini-
cal assessments and render comparison between stud-
ies invalid.

Table 1 Recommended measures for procedural and postopera-

tive pain assessment as a function of the child’s chronological age

Child’s age* Measure

Newborn–3 years old COMFORT or FLACC

4 years old FPS-R + COMFORT or FLACC

5–7 years old FPS-R

7 years old + VAS or NRS or FPS-R

*With normal or assumed normal cognitive development

4 ª 2012 Blackwell Publishing Ltd, Pediatric Anesthesia, 22 (Suppl. 1), 1–79



Recommendations

Children’s self-report of their pain is the preferred

approach: Grade B

No individual measure can be broadly recommended for

pain assessment across all children or all contexts:

Grade B

An observational measure should be used in conjunction

with self-report with 3–5-year-olds as there is limited evi-

dence for the reliability and validity of self-report mea-

sures of pain intensity in this age group: Grade B

2.3 Medical procedures

Routine medical care involving blood sampling and

other painful diagnostic and therapeutic procedures

can cause great distress for children and their families.

When such procedures are essential, it is important

that they should be achieved with as little pain as pos-

sible. There are 10 general considerations to remember

prior to planning the management of a painful proce-

dure: see Box 1.

Box 1: Planning a painful procedure

1. Infants and children of all ages, including pre-

mature neonates, are capable of feeling pain and

require analgesia for painful procedures.

2. Developmental differences in the response to

pain and analgesic efficacy should be considered

when planning analgesia.

3. Consider whether the planned procedure is nec-

essary, and how the information it will provide

might influence care? Avoid multiple procedures if

possible.

4. Plan the timing of procedures to minimize the

frequency of a painful procedure.

5. Is sedation or even general anesthesia likely to

be required for a safe and satisfactory outcome?

6. Would modification of the procedure reduce

pain? For example, venepuncture is less painful than

heel lance for blood sampling in infants.

7. Is the planned environment suitable? Ideally,

this should be a quiet, calm place with suitable toys

and distractions.

8. Ensure that appropriate personnel who possess

the necessary skills are available, enlist experienced

help when necessary.

9. Allow sufficient time for analgesic drugs and

other analgesic measures to be effective.

10. Formulate a clear plan of action should the

procedure fail or pain become unmanageable using

the techniques selected.

Good practice points
Pain management for procedures should include both
pharmacological and nonpharmacological strategies
whenever possible.

Children and their parents/carers benefit from psycho-
logical preparation prior to painful procedures.

2.4 Procedural pain in the neonate:
general recommendations

Breast-feeding should be encouraged during the proce-

dure, if feasible: Grade A

Nonpharmacological measures including nonnutritive

sucking, ‘kangaroo care’, swaddling/facilitated tucking,

tactile stimulation, and heel massage can be used for

brief procedures: Grade A

2.5 Procedural pain in the neonate:
specific recommendations

2.5.1 Blood Sampling including percutaneous central
venous catheter insertion
Sucrose or other sweet solutions can be used: Grade A

Venepuncture (by a trained practitioner) is preferred to heel

lance for larger samples as it is less painful: Grade A

Topical local anesthetics can be used for venepuncture

pain: Grade B

Nonpharmacological measures including tactile stimula-

tion, breast-feeding, nonnutritive sucking, ‘kangaroo

care’, and massage of the heel can be used for heelprick

blood sampling: Grade A

Topical local anesthetics alone are insufficient for heel

lance pain: Grade A

Using the whole plantar surface of the heel reduces the

pain of heelprick blood sampling: Grade B

Topical tetracaine plus morphine is superior to topical

analgesia alone for CVC insertion pain in ventilated

infants: Grade B

2.5.2 Ocular examination for retinopathy of
prematurity (ROP)
Sucrose may contribute to pain response reduction in

examination for retinopathy: Grade A

Infants undergoing examination for retinopathy should

receive local anesthetic drops in combination with other

measures if an eyelid speculum is used: Grade B

Swaddling, developmental care, nonnutritive sucking,

pacifier should be considered for neonates undergoing

examination for retinopathy: Grade B
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2.5.3 Lumbar puncture
Topical local anesthesia is effective in reducing LP pain:

Grade A

2.5.4 Urine sampling
Transurethral catheterization with local anesthetic gel is

preferred as it is less painful than suprapubic catheteri-

zation with topical local anesthesia: Grade B

Sucrose reduces the pain response to urethral catheteri-

zation: Grade C

2.5.5 Chest drain (tube) insertion and removal
See older children below

2.5.6 Nasogastric tube placement (See also; older
children, below)
Sucrose can reduce the pain response from NGT inser-

tion: Grade B

2.5.7 Immunization and intramuscular injection
Swaddling, breast-feeding or pacifier, and sucrose

should be considered in neonates undergoing vaccination:

Grade A

2.6 Procedural pain in older children

This section includes all infants and children outside

the neonatal period. Painful procedures are often iden-

tified as the most feared and distressing component of

medical care for children and their families. When

managing procedural pain in infants, older children

and adolescents special emphasis should given not only

to proven analgesic strategies but also to reduction in

anticipatory and procedural anxiety by suitable prepa-

ratory measures. Families, play therapists, nursing staff

and other team members play key roles in reducing

anxiety by suitable preparation.

Specific Recommendations

2.6.1 Blood sampling and intravenous cannulation
Topical local anesthesia should be used for intravenous

cannulation: Grade A

Psychological strategies, for example, distraction or hyp-

nosis, to reduce pain and anxiety should be used: Grade A

2.6.2 Lumbar puncture
Behavioral techniques of pain management should be

used to reduce LP pain: Grade A

Topical LA and LA infiltration are effective for LP pain

and do not decrease success rates: Grade B

50% nitrous oxide in oxygen should be offered to chil-

dren willing and able to cooperate: Grade C

2.6.3 Chest drain (tube) insertion and removal
There is little published evidence looking at analgesic

options for chest drain insertion or removal.

Good practice points

For chest drain insertion, consider general anesthesia or

sedation combined with subcutaneous infiltration of buf-

fered lidocaine. Selection of appropriate drain type may

reduce pain by facilitating easy insertion.

For chest drain removal, consider a combination of two

or more strategies known to be effective for painful pro-

cedures such as psychological interventions, sucrose

or pacifier (in neonates), opioids, nitrous oxide, and

NSAIDs

2.6.4 Bladder catheterization and related urine sam-
pling procedures
Psychological preparation and psychological and behav-

ioral interventions should be used during bladder cathe-

terization and invasive investigations of the renal tract:

Grade B

Infants: consider procedure modification as urethral

catheterization is less painful than SPA for urine

sampling: Grade B

2.6.5 Insertion of nasogastric tubes
Good practice point

Topical local anesthetics such as lidocaine containing

lubricant gel applied prior to placement are likely to

reduce the pain and discomfort of NGT insertion.

2.6.6 Immunization and intramuscular injection
Psychological strategies such as distraction should be

used for infants and children undergoing vaccination:

Grade A

Consider additional procedure modifications such as vac-

cine formulation, order of vaccines (least painful first)

needle size, depth of injection (25–mm, 25-gauge needle)

or the use of vapocoolant spay: Grade A

Swaddling, breast-feeding or pacifier, and sucrose should

be considered in infants undergoing vaccination: Grade A

2.6.7 Repair of lacerations
For repair of simple low-tension lacerations, tissue adhe-

sives should be considered as they are less painful, quick

to use, and have a similar cosmetic outcome to sutures

or adhesive skin closures (steri-strips): Grade A

6 ª 2012 Blackwell Publishing Ltd, Pediatric Anesthesia, 22 (Suppl. 1), 1–79



Topical anesthetic preparations, for example, LAT (lido-

caine–adrenaline–tetracaine) if available, can be used in

preference to injected LA, as they are less painful to

apply; it is not necessary to use a preparation containing

cocaine: Grade A

Buffering injected lidocaine with sodium bicarbonate

should be considered: Grade A

‘HAT’ should be considered for scalp lacerations. It is

less painful than suturing, does not require shaving, and

produces a similar outcome: Grade B

If injected lidocaine is used, pretreatment of the wound

with a topical anesthetic preparation, for example, lido-

caine–adrenaline–tetracaine (LAT) gel reduces the pain

of subsequent injection: Grade B

50% nitrous oxide reduces pain and anxiety during lac-

eration repair: Grade B

2.6.8 Change of dressings in children with burns
Potent opioid analgesia given by oral, transmucosal,

or nasal routes according to patient preference and

availability of suitable preparations should be consid-

ered for dressing changes in burned children: Grade A

Nonpharmacological therapies such as distraction and

relaxation should be considered as part of pain man-

agement for dressing changes in burned children:

Grade B

2.6.9 Botulinum injections for children with muscle
spasm

Good practice point

50% Nitrous oxide/oxygen should be considered in chil-

dren who are able to cooperate with self-administration.

2.7 Postoperative pain

Postoperative care is frequently shared between heath

professionals from different disciplines: they should

understand the general principles of pain assessment

and pain management in children. Postoperative anal-

gesia should be planned and organized prior to surgery

in consultation with patients and their families or

carers, and other members of the perioperative team.

Good practice points
Providers of postoperative care should understand the

general principles of good pain management in children;

this includes knowledge of assessment techniques and the

use of analgesics at different developmental ages.

Pediatric anesthetists are responsible for initiating post-

operative analgesia. They should liaise with patients and

their families/carers, surgeons, and other members of the

team providing postoperative care to ensure that pain is

assessed, and suitable ongoing analgesia is administered.

Postoperative analgesia should be appropriate to devel-

opmental age, surgical procedure, and clinical setting to

provide safe, sufficiently potent, and flexible pain relief

with a low incidence of side effects.

Combinations of analgesics should be used unless there

are specific contraindications, for example; local anes-

thetics, opioids, NSAIDs, and paracetamol can be given

in conjunction, not exceeding maximum recommended

dose.

Recommendations

2.7.1 ENT surgery

Myringotomy
Oral paracetamol or NSAIDS (ibuprofen, diclofenac, or

ketorolac) in suitable doses can achieve adequate early

postoperative analgesia: Grade B

Opioids are effective but not recommended for routine

use because of side effects: Grade B

Tonsillectomy
A combination of individually titrated intraoperative opi-

oids, dexamethasone, and regularly administered periop-

erative mild analgesics (NSAIDS and /or paracetamol)

is recommended for management of tonsillectomy pain:

Grade A

Topical application or injection of local anesthetic in the

tonsillar fossa improves early pain scores following ton-

sillectomy: Grade A

Implementation of standardized protocols including intra-

operative opioid ± anti-emetic, perioperative NSAID

(diclofenac or ibuprofen) and paracetamol are associated

with acceptable pain relief and low rates of PONV:

Grade C

Mastoid and middle ear surgery
Great auricular nerve block can provide similar analge-

sia and reduced PONV compared with morphine. Prein-

cision timing of the block confers no additional benefit:

Grade B
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2.7.2 Opthalmology

Strabismus surgery
Intraoperative LA blocks (subtenon’s or peribulbar)

reduce PONV and may improve perioperative analgesia

in comparison with IV opioid but provide no benefit over

topical LA: Grade B

Topical NSAIDS do not improve pain scores or postop-

erative analgesic requirements when compared with topi-

cal LA or placebo: Grade B

Intraoperative opioid and NSAID provide similar post-

operative analgesia but opioid use is associated with

increased PONV: Grade B

Vitreoretinal surgery
In vitreoretinal surgery NSAID can provide similar anal-

gesia but lower rates of PONV compared with opioid:

Grade C

Peribulbar block improves early analgesia and may

reduce PONV compared with opioid: Grade C

2.7.3 Dental procedures
NSAIDS with or without paracetamol reduce pain fol-

lowing dental extractions: Grade B

Swabs soaked with bupivacaine on exposed tooth sockets

following extraction produce no or minor improvements

in pain in the immediate postoperative period: Grade B

Intraoperative LA infiltration reduces postoperative pain

following dental extractions, but provides little addi-

tional benefit over NSAIDS and paracetamol alone:

Grade B

2.7.4 General surgery and urology (minor and
intermediate)

Sub-umbilical surgery
LA should be used when feasible: wound infiltration,

transversus abdominis plane (TAP) block, ilio-inguinal

nerve block and caudal analgesia are effective in the

early postoperative period following sub-umbilical sur-

gery: Grade A

Circumcision
Caudal epidural and dorsal nerve block are effective in

the early postoperative period, with low rates of compli-

cations and side effects: Grade A

Neonatal circumcision
LA should be used as it is superior to other techniques

for circumcision pain: Grade A

Dorsal nerve block is more effective than subcutaneous

ring block or topical LA: Grade A

When using topical local anesthetic it must be applied

correctly and sufficient time allowed for it to become

effective: Grade A

Hypospadias repair
LA central neuraxial or dorsal nerve block is effective

reducing the need for postoperative supplementary opioid

administration following hypospadias surgery: Grade A

Orchidopexy
Caudal block is effective in the early postoperative per-

iod for orchidopexy with low rates of complications and

side effects: Grade A

Open inguinal hernia repair
LA wound infiltration, ilio-inguinal nerve block, paraver-

tebral block or caudal analgesia are effective in the early

postoperative period: Grade A

2.7.5 General surgery and urology (Major)

Major intra-abdominal surgery
Intravenous opioids either as continuous infusion, NCA,

or PCA are effective following major abdominal surgery:

Grade A

Epidural analgesia with LA should be considered for

major abdominal surgery. The addition of neuraxial

clonidine or opioid may further improve analgesia but

side effects may also be increased: Grade B

Appendicectomy (open)
PCA combined with NSAID is effective for postappen-

dicectomy pain: Grade B

Fundoplication (open)
Epidural LA + opioid is effective and may be associ-

ated with improved clinical outcome in selected patients

following fundoplication: grade D
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2.7.6 Laparoscopic surgery

Good practice points

Infiltration of port sites with LA as part of a multimodal

analgesic strategy may reduce postoperative pain follow-

ing laparoscopy.

Although overall postoperative analgesic requirements

appear to be reduced following laparoscopy, pain may

be equivalent to the equivalent open procedure in some

circumstances, particularly during the first 24 h.

2.7.7 Orthopaedics, spinal and plastic surgery

Good practice point

There is no evidence from studies in children that

NSAIDs have a deleterious effect on bone fusion. The

analgesic benefit of short-term NSAID use has been

demonstrated and may frequently outweigh any hypo-

thetical risk.

Lower limb surgery
Peripheral nerve blocks provide superior analgesia and

are associated with fewer adverse effects compared with

intravenous opioids: Grade B

Continuous peripheral nerve blocks are feasible, effective

and safe, and are associated with lower pain scores:

Grade B

Epidural opioids are effective, reduce the dose require-

ments of local anesthetic, and rescue IV opioids but

increase the incidence of side effects: Grade B

Epidural techniques are associated with lower pain

scores than intravenous opioid analgesia: Grade C

Systemic paracetamol and NSAID reduce intravenous

opioid requirements: Grade C

Upper Limb Surgery
Brachial plexus blocks provide satisfactory analgesia for

hand and forearm surgery extending into the postopera-

tive period: Grade B

The axillary, infraclavicular, supraclavicular, and inter-

scalene approach are feasible and effective: Grade B

Spinal surgery
Epidural techniques produce a modest improvement in

pain control, compared with intravenous opioids in

patients undergoing corrective surgery for adolescent idi-

opathic scoliosis: Grade B

Intrathecal opioids decrease intra-operative blood loss

and IV opioid consumption postoperatively. The duration

of action is 18–24 h: Grade C

Dual catheter epidural techniques should be considered, as

this permits coverage of multiple spinal levels: Grade C

The use of LA + lipophilic opioid in the epidural space

with a single epidural catheter does not show an analge-

sic benefit over intravenous opioid techniques: Grade C

The use of LA + hydrophilic opioids in the epidural

space has a favorable analgesic profile compared with

IV opioid, but at the expense of increased adverse

effects: Grade D

Cleft lip and palate and related procedures of head
and neck
Infraorbital nerve block provides effective analgesia for

cleft lip repair in the early postoperative period: Grade

A

2.7.8 Cardiothoracic surgery

Cardiac surgery (sternotomy)
Epidural and intrathecal techniques with opioid and/or

LA are effective for sternotomy pain but only marginal

benefits have been demonstrated, and there is insufficient

data concerning the incidence of serious complications:

Grade B

Thoracotomy
Epidural analgesia is effective for post-thoracotomy

pain: Grade D

2.7.9 Neurosurgery

Craniotomy and major neurosurgery

Good practice point
Analgesia following neurosurgery requires good commu-

nication and close cooperation between members of the

perioperative team. Frequent pain assessments should be

a routine part of postoperative care. A multimodal anal-

gesic approach is suitable, which may include the use of

LA infiltration, paracetamol, NSAID (when not contra-

indicated), and parenteral or oral opioid as determined

by assessed analgesic requirements.
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Section 3.0

Pain Assessment

Contents

3.1 General principles of pain assessment

3.2 Pain measurement tools

Children’s pain should be assessed. Effective pain

assessment is essential both in terms of its contribution to

the prevention and relief of a child’s pain (1–4) and also

in its role as a diagnostic aid. The centrality of pain

assessment to high-quality pain management is enshrined

in many current pain management recommendations,

position statements, reports, and guidelines (5–9).

Assessment refers to a broad endeavor aiming to

identify the factors that shape the pain experience

including physiological, cognitive, affective, behavioral

and contextual, and their dynamic interactions.

Measurement refers to the application of a metric

on one aspect of pain, usually intensity. This guideline

focuses primarily on pain measurement assuming that

the appropriate pain assessment as per clinical practice

takes place.

Existing guidelines: An evidence-based guideline ‘The

Recognition and Assessment of Pain in Children was

first produced by the Royal College of Nursing (RCN),

UK, in 1999 and was revised in 2009 (10). The RCN

guideline was endorsed in 2001 by the Royal College of

Paediatrics and Child Health that produced ‘Guidelines

for Good Practice’ (11), which were the recommenda-

tions based on the original RCN guideline. We suggest

that both these documents be consulted for further and

more detailed information; the evidence and recommen-

dations presented here are intended to support and sup-

plement this existing guidance.

Technical note for this section of the guideline: in

addition to the SIGN criteria, and in line with current

practice, instruments were also evaluated based on a set

of evaluation criteria for the assessment of quality of

evidence for IMMPACT reviews (12) (see Table 1, and

Appendix 1, Technical Report for further information).

3.1 General principles of pain assessment

Good pain assessment contributes to the prevention

and/or early recognition of pain as well as the effective

management of pain (1,4). There are three fundamen-

tal approaches to pain assessment in children:

Self-report: measuring expressed experience of pain.

Observational/Behavioral: measuring behavioral dis-

tress associated with pain or measuring the perceived

experience of pain by parent or carer report.

Physiological: primarily measuring physiological

arousal consequent to pain

As self-report is the only truly direct measure of

pain, it is often considered the ‘gold standard’ of mea-

surement. However, for developmental reasons, self-

report may be difficult or impossible in some children

and therefore a proxy measure must be used. For pain

to be measured as accurately as possible, the principles

underpinning assessment at different developmental

ages and in different settings must be appreciated.

Good practice points
Children’s pain should be assessed, documented, and

appropriate action taken. This requires both training of

healthcare professionals in pain assessment and measure-

ment with standardized instruments.

Table 1 Evaluation criteria for IMMPACT reviews (12)

Criteria for categories

I. A well-

established

assessment

The measure must have been presented in at

least 2 peer-reviewed articles by different

investigators or investigatory teams.

Sufficient detail about the measure to allow

critical evaluation and replication.

Detailed information indicating good validity

and reliability in at least 1 peer-reviewed

article.

II. Approaching

well-established

assessment

The measure must have been presented

in at least 2 peer-reviewed articles, which

might be by the same investigator or

investigatory team.

Sufficient detail about the measure to allow

critical evaluation and replication.

Validity and reliability information either

presented in vague terms (e.g., no statistics

presented) or only moderate values

presented.

III. Promising

assessment

The measure must have been presented in at

least 1 peer-reviewed article.

Sufficient detail about the measure to allow

critical evaluation and replication.

Validity and reliability information either

presented in vague terms or only moderate

values presented.
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In order to assess pain, effective communication should

occur between the child whenever feasible, their family or

carers, and the professionals in the multidisciplinary team.

Standardized instruments should be used in their final

validated form. Even minor modifications alter the psy-

chometric properties of the tool and render comparisons

between studies invalid and clinical assessment biased.

Recommendations

No individual measure can be broadly recommended for

pain assessment across all children or all contexts:

Grade B (12–14).

Children’s self-report of their pain, is the preferred

approach, where feasible: Grade B (13).

An observational measure should be used in conjunction

with self-report with 3–5 year olds as there is limited evi-

dence for the reliability and validity of self-report mea-

sures of pain intensity in this age group: Grade B (15).

Sole use of physiological measures in clinical practice is

unproven and therefore not recommended: Grade D (16,17).

Evidence

The results of pain assessment must be documented,

acted upon, reassessed, and re-evaluated to determine

the effectiveness of interventions (1,18–21). Improved

documentation can result in improved pain manage-

ment (22–25). Studies demonstrate that there is low uti-

lization of pain tools and policies (26) and that pain is

under-assessed (3,27) and poorly documented (28,29),

resulting in children being under-medicated and/or

their pain being poorly managed (3,27,30–32). Regular

pain evaluation can contribute to the safety and effi-

cacy of the management of acute pain (33).

Self-report: Pain is a highly complex and multidimen-

sional experience, and pain intensity scores are a neces-

sary oversimplification. Children’s self-report of pain is

regarded as the gold standard, and in most circum-

stances, it is the preferred approach. Children’s self-

report of pain may differ to that of their parents or the

nurse caring for them (34). However, it must also be

recognized that self-report in both children and adults

is complex (13,35), dependent upon age and/or level of

cognition (36), affected by a range of social and other

influences (37–39), and is subject to biases (15,37,40).

Nevertheless, although children’s subjective reports of

pain are probably the best way of documenting the pres-

ence and intensity of pain, it requires quite advanced

cognitive skills (including classification, seriation, and

matching) for children to be able to provide reliable and

valid self-reports of pain intensity. Faces scales may not

require the ability to seriate or estimate quantities

because the task can be handled by matching how one

feels to one of the faces, which is presumed to be easier

than quantitative estimation (41). However, self-report

is subject to individual response biases, reflecting the

person’s appraisal of the consequences of the pain report

(36). Although children of preschool age are often asked

to confirm or deny that they are feeling internal states

such as hunger or thirst, they are rarely, if at all, asked

to make quantitative estimates of these states. Thus,

using a self-report pain scale is an unusual experience

for most young children (15). Alternative strategies for

answering confusing questions are frequently adopted

by young children. Response bias is a propensity to

respond systematically to test items in ways unrelated to

the item content. Response biases that have been docu-

mented in the pediatric literature include:

l Anchor effects which refer to the influence of sur-

rounding conditions or prior experience on the estima-

tion of a quantity. For example, pain ratings on faces

scales are influenced by whether the lower anchor face

is smiling or not.

l Sequence bias such as the child selecting (for exam-

ple) the leftmost face to answer the first question, and

then picks the adjacent face to the right in response to

each successive question, in a sequence of responses

that would be scored in an ascending or descending

series (e.g., 0–2–4–6–8).

l Giving the same answer to all questions (15,42–44).

In experimental situations where children were asked

to rate hypothetical pain situations, it has been demon-

strated that young children from four to seven cannot

distinguish as many faces as proposed by the majority

of available faces scales (45). These results strongly

recommend a reduction in the number of response lev-

els of faces scales for pain assessment in children.

It should be noted that not all inaccurate responses

indicate the occurrence of response biases as inaccurate

responses can occur for other reasons such as failure

to understand the question, deliberate random or

incorrect responding, lack of motivation and attention

to the task, or undetected learning or cognitive difficul-

ties (15). Clinicians should be aware that young chil-

dren’s pain scores can be misleading, particularly when

a pain scale is used only once to measure pain on a

single occasion, making it difficult for the clinician to

detect any underlying response bias. Therefore, self-

report pain scores from children below 5 years of age

should generally be treated with caution and should be

corroborated by observational measures.
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Choice of assessment tool: No individual observational

(14), self-report (13), or physiological measure is

broadly recommended for pain assessment across all

children or all contexts. Some validated pain measures,

primarily developed for use within pain research studies,

do not transition easily in everyday practice as they can

be challenging to use in clinical settings (46). Therefore,

healthcare professionals need to make informed choices

about which tool to use to assess each individual child’s

pain. Composite measures using self-report and at least

one other measure may be a better approach (13).

Table 3 provides guidance, as a function of a child’s

chronological age, on measures that have good psycho-

metric properties and can be used for the assessment of

procedural and postoperative pain.

Education: Healthcare professionals require appropriate

levels of education about pain (27,47–49). They also

need adequate training/preparation in the use of pain

assessment tools and proficiency in using them

(23,50,51). Improved working practices (52), organiza-

tional commitment (23), quality improvement strategies

(23), and one-to-one coaching (53) have been shown to

enhance pain assessment. Studies have demonstrated

that health professionals’ assessment of children’s pain

is subject to a range of individual, social, and contextual

influences (54–57). Professionals need to be flexible and

willing to develop more positive attitudes and beliefs

regarding the attributes of children’s pain (19). Percep-

tions about the pain experienced by particular groups of

children, such as children with neurological impairment

may need to be challenged (58,59).

Parents and other carers should also be given appro-

priate information about their child’s pain (55,60–62)

and emotional support and clarification of their role in

their child’s pain (61,63). Their beliefs about their

child’s pain need to be taken into consideration as

these beliefs may impact their child’s care. Parents/

carers of children with cognitive impairment may have

mistaken beliefs about their child’s pain, which need to

be carefully explored (59). Parents/carers also need

appropriate information and teaching in the use of

pain assessment tools if they are to be effective in

assessing and managing their child’s pain (59,63,64).

3.2 Pain measurement tools

A bewildering number of acute pain measurement

tools exist. Tools vary in relation to three broad

groups of factors: child-related, user-related, and struc-

tural. For example, the age, cognitive level, language,

ethnic/cultural background of the child, the setting for

which they are to be used, and the tool’s psychometric

properties (e.g., validity and reliability) in that context

(13,14,35,65–67). Such factors should be taken into

consideration when making choices about which acute

pain measurement tool to use.

Despite the proliferation and availability of tools,

they are not always used consistently or well (68–70)

and inconsistencies have been identified between

reported assessment practice and documented practice

(3,26,27,29,71).

The following provides a brief guide to some of the

best evaluated and commonly used tools in current

clinical practice. The tools are broadly divided into

self-report and observational/behavioral tools and then

further subdivided into their suitability for type of pain

(acute procedural, postoperative, or disease-related)

and/or setting. Brief information of the intended age

ranges for which the tool has been developed and/or

information on the ages for which the tool has been

validated are presented (look at the data extraction

tables for more information on each measure’s psycho-

metric properties and relevant studies).

3.2.1 Self-report tools (5 years and above)

The most psychometrically sound and feasible self-

report tools, based on age/developmental level and type

of pain, have been recommended for use in clinical trials

(marked * below) (13). However, other tools, while not

necessarily suitable for clinical trials, have been shown

to have good clinical utility and have been validated.

Procedural pain

l Wong and Baker FACES Pain Scale (72): intended

for 3–18 year olds.

l Faces Pain Scale-Revised* (44): see also (43,73):

intended for 4–12 year olds.

Table 2 Recommended measures for procedural and postopera-

tive pain assessment as a function of the child’s chronological age

Child’s age* Measure

Newborn–3 years old COMFORT or FLACC

4 years old FPS-R +

COMFORT or FLACC

5–7 years old FPS-R

7 years old + VAS or NRS or FPS-R

*with normal or assumed normal cognitive development

Note: Reliance on chronological age as the sole indicator of a

child’s capacity to self-report will inevitably generate both false

positives (invalid scores from children who do not understand

the scale) and false negatives (not obtaining valid scores from

children who do understand the scale but were not asked).
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l Visual analogue* and numerical rating scales:

intended for 8 years plus.

l Pieces of Hurt Tool* (74), see also (75), intended

for 3–8 year olds.

• MSPCT (The Multiple Size Poker Chip Tool) (76),

intended for 4–6 year olds.

Postoperative pain

l Wong and Baker FACES Pain Scale (72): intended

for 3–18 year olds.

l Faces Pain Scale-Revised* (44), see also (43,73),

intended for 4–12 year olds.

l Visual analogue* and numerical rating scales:

intended for 8 years plus.

• Pieces of Hurt Tool* (74) see also (75), intended for

3–8 year olds.

Disease-related pain

l Wong and Baker FACES Pain Scale (72): intended

for 3–18 year olds.

l Faces Pain Scale-Revised (44), see also (43,73):

intended for 4–12 year olds.

• Visual analogue and numerical rating scales:

intended for 8 year olds and older.

3.2.2 Observational/behavioral measures

Pain and pain-related distress cannot be easily sepa-

rated either conceptually or at a practical level; for

example, cry and scream can be the indicative of fear

or pain. Therefore, each of the scales below should be

viewed as a measure of pain and distress, regardless of

the title of the scale (77).

A. Premature infants and neonates
Not all neonatal pain assessment tools have been rig-

orously tested for construct validity, feasibility, and

clinical utility (78). However, the following tools are

widely used for neonatal pain assessment and used

within neonatal intensive care/special care baby units.

Acute procedural pain

l PIPP (Premature Infant Pain Profile) (79): See also

(80,81).

l CRIES (82).

• NFCS (Neonatal Facial Coding Scale) (83,84).

Postoperative pain

l PIPP (Premature Infant Pain Profile) (79): see also

(85).

l CRIES (82): see also (85).

• COMFORT scale (86–88).

B. Children and young people without cognitive
impairment
On the basis of the highest evidence of validity, reliabil-

ity, and clinical utility and use within practice settings,

the following behavioral tools can be recommended for

children and young people without cognitive impairment

aged 3–18 years in the following specific situations (14).

Procedural pain

l FLACC (Face, Legs, Arms, Cry, and Consolability)

(89); see also (50,90–92): intended for 1–18 year olds.

• CHEOPS (Children’s Hospital of Eastern Ontario

Pain Scale) (93); see also (94): intended for 1–18 year olds.

Postoperative pain (in the hospital setting)

• FLACC (89): intended for 1–18 year olds.

Postoperative pain (being managed by parents/carers
at home)

• PPPM (Parents Postoperative Pain Measure) (95);

see also (96,97): intended for 1–12 year olds.

Pain in the critical care setting

• COMFORT scale (86): intended for newborn–

17 year olds.

C. Children and young people with cognitive impair-
ment
While there is less substantive evidence of reliability,

validity, clinical utility, and widespread use within

practice settings, the following tools are suitable for

use with children and young people with cognitive

impairment in the following situations:

Procedural/disease-related pain

l NCCPC-R (Non-Communicating Children’s Pain

Checklist) (59,98–100): intended for 3–18 year olds

• PPP (The Pediatric Pain Profile) (101): See also

(102): intended for 1–18 year olds.
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Postoperative pain

l NCCPC-PV (Non-Communicating Children’s Pain

Checklist – Postoperative Version) (100): intended for

3–19 year olds.

l PPP (The Pediatric Pain Profile) (101): intended for

1–18 year olds.

• Revised FLACC (50): intended for 4–19 year olds.

Parent report of their child’s postoperative pain
intensity
The most psychometrically sound and feasible parent

report tool, based on age/developmental level and type

of pain, has been recommended for use in clinical trials

(13). However, this may not necessarily directly trans-

fer to clinical utility and more research is needed.

• PPPM (Parents Postoperative Pain Measure) (95);

see also (96,97).

3.2.3 Physiological measures

Physiological parameters such as heart rate variability,

skin conductance, and changes in salivary cortisol can

be used indirectly to indicate the presence of pain (103–

106). However, blood pressure, heart rate, and respira-

tory rate have been shown to be unreliable indicators in

newborns, infants, and young children with wide inter-

individual behavior–physiology correlations after major

surgery in 0–3-year-old infants (16). More recently, the

magnitude of evoked cortical activity has been suggested

as a possible indicator of pain (107). While the method

appears promising and correlations with other pain

measures have been found to be good, similarly to the

measurement of other physiological parameters such as

cortisol changes, it has limited clinical utility. It is ques-

tionable whether the pain experience can be meaning-

fully reduced to physiological activation alone;

therefore, physiological measures should be used in con-

junction with other tools/measures to determine the

presence and intensity of pain.
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Section 4.0

Medical Procedures

Contents

4.1 General considerations

4.2 Procedural pain in the neonate

4.2.1 Blood sampling

4.2.2 Ocular examination for retinopathy of prematurity

4.2.3 Lumbar puncture

4.2.4 Urine sampling

4.2.5 Chest drain (tube) insertion and removal (see 4.3.3)

4.2.6 Nasogastric tube placement (see 4.3.5)

4.2.7 Immunization and intramuscular injection

4.3 Procedural pain in infants and older children

4.3.1 Blood sampling and intravenous cannulation

4.3.2 Lumbar puncture

4.3.3 Chest drain (tube) insertion and removal

4.3.4 Bladder catheterization and urine sampling procedures

4.3.5 Insertion of nasogastric tubes

4.3.6 Immunization and intramuscular injection

4.3.7 Repair of lacerations

4.3.8 Change of dressings in children with burns

4.3.9 Botulinum injections for children with muscle spasm

4.1 General considerations

Routine medical care involving blood sampling and

other painful diagnostic and therapeutic procedures

can cause great distress for children and their families.

When such procedures are essential, it is important

that they should be achieved with as little pain as pos-

sible. For many children who have chronic illness,

these procedures often need to be repeated, and this

can generate very high levels of anxiety and distress if

their previous experience has been poor. The 10 gen-

eral principles, which apply to the management of all

procedures at any age, are listed below. Further advice

for use in specific age-groups, and specifically for some

of the most common procedures, is described in sec-

tions 4.2 and 4.3.

1. Infants and children of all ages, including premature

neonates, are capable of feeling pain and require anal-

gesia for painful procedures.

2. Developmental differences in the response to pain

and analgesic efficacy should be considered when

planning analgesia.

3. Consider whether the planned procedure is neces-

sary, and how the information it will provide might

influence care? Avoid multiple procedures if possible.

4. Plan the timing of procedures to minimize the fre-

quency of a painful procedure.

5. Are sedation or even general anesthesia likely to be

required for a safe and satisfactory outcome?

6. Would modification of the procedure reduce pain?

For example, venepuncture is less painful than heel

lance.

7. Is the planned environment suitable? Ideally, this

should be a quiet, calm place with suitable toys and

distractions.

8. Ensure that appropriate personnel who possess the

necessary skills are available, and enlist experienced

help when necessary.

9. Allow sufficient time for analgesic drugs and other

analgesic measures to be effective.

10. Formulate a clear plan of action should the proce-

dure fail or pain become unmanageable using the tech-

niques selected.

Good practice point

Pain management for procedures should include both
pharmacological and nonpharmacological strategies
whenever possible.

4.2 Procedural pain in the neonate

Premature neonates are able to perceive pain, but the

response to both pain and analgesia is dependant on

developmental age. Because of this, pain assessment in

this age-group is particularly difficult (see section 3),

and the low sensitivity of many pain measurement

tools can complicate the interpretation of evidence.

Clinically, neonates appear to be sensitive to the

adverse effects of many drugs, including analgesics;
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however, reductions in the response to pain have been

observed following nontraditional analgesia such as

sucrose and physical and environmental measures, for

example, suckling or tactile stimulation, which are cur-

rently not known to have potentially harmful effects.

A number of documents including reviews, guideline,

and policy statements have been published recently on

the subject of procedural pain management in the neo-

nate (1–4). On the basis of the currently available evi-

dence, the following measures can be generally

recommended for the management of procedural pain

in the neonate:

Recommendations

Breast-feeding should be encouraged during the proce-

dure, if feasible: Grade A (5–9).

Nonpharmacological measures including non-nutritive

sucking, ‘kangaroo care’, swaddling/facilitated tucking,

tactile stimulation, and heel massage can be used for

brief procedures: Grade A (5,6,10–30).

4.2.1 Blood sampling in the neonate
(includes peripheral venous, arterial, and
percutaneous central venous cannulation)

Blood sampling is a necessary and routine part of neo-

natal care. Where an indwelling arterial catheter is not

available, then venepuncture (VP) or heel prick blood

sampling (HPBS) is used. All newborn babies in the

UK have a HPBS as part of the UK screening regime.

Neonates admitted to intensive care or who are cared

for on postnatal wards will require frequent blood

sampling that has been identified in many studies as a

significant cause of pain and morbidity. HPBS requires

appropriate training and is used to collect small blood

samples such as blood glucose, bilirubin newborn

screening tests, and capillary blood gases. VP also

requires training but is technically more difficult and is

used to collect larger blood samples. The principles

and techniques of pain relief are applicable to other

invasive procedures such as peripheral arterial line

insertion and percutaneous central venous catheters

(i.e., long line). Please also see sections 4.0 and 4.1 on

the general management of procedural pain.

Recommendations

Sucrose or other sweet solutions can be used: Grade A

(5,6,10–18,22,29,31–40).

Nonpharmacological measures including tactile stimula-

tion, breast-feeding, non-nutritive sucking, ‘kangaroo

care’, and massage of the heel can be used for heel prick

blood sampling: Grade A (12,19–28,30).

Venepuncture (by a trained practitioner) is preferred to

heel lance for larger samples as it is less painful: Grade

A (18,41–43).

Topical local anesthetics alone are insufficient for heel

lance pain: Grade A (44,45).

Topical local anesthetics can be used for venepuncture

pain: Grade B (44–47).

Using the whole plantar surface of the heel reduces the

pain of heel prick blood sampling: Grade B (48,49).

Remifentanil and sucrose decreased central venous cath-

eter pain: Grade B: (36).

Topical tetracaine plus morphine is superior to topical

analgesia alone for central venous catheter pain in venti-

lated infants: Grade B (50,51).

Evidence

A large number of studies have demonstrated that

sucrose before VP or HPBS reduces the behavioral

pain scores measured by a range of validated assess-

ments (5,6,10–18,22,29,31–40,52). The dose of sucrose

differed across these studies.

Relieving the pain of HPBS has been challenging

with pharmacological methods. However, nonpharma-

cological methods including breast-feeding, non-nutri-

tive sucking, kangaroo care, and premassage of the

heel before and during HPBS have consistently demon-

strated reduced behavioral pain scores and physiologi-

cal markers (12,19–28).

VP appears to be less painful than HPBS so is the

preferred option whenever practical (18,41,43). Topical

local anesthesia (LA) can reduce the pain of VP and

insertion of central venous catheters (44–46,51,53).

However, topical LA is not effective for HPBS (45).

Morphine with topical LA was more effective than LA

alone for central venous line placement in ventilated

neonates (50,51). In addition, low-dose remifentanil

combined with sucrose reduced the pain of insertion of

central venous catheters (36).

HPBS pain can be reduced with procedure modifica-

tion such as using an automated spring-loaded device,

avoiding squeezing the heel, and using a wider area of

the plantar surface of the heel (48,49,54–56).
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Analgesia Table 4.2.1a

Blood sampling and peripheral cannulation in the neonate

Direct

evidence

Indirect

evidence

Local anesthesia Topical 1+

Sucrose 1++

Nonpharmacological 1+

Procedure modifications 1+

Analgesia Table 4.2.1b

Percutaneous central venous catheter insertion

Direct

evidence

Indirect

evidence

Local anesthesiaa Topical 1+

Opioids Intravenous 1+

Sucrosea 1+ 1++

aCombined with Opioids.

4.2.2 Ocular examination for retinopathy of prematu-
rity

Preterm infants ‘at risk’ of retinopathy of prematurity

(ROP) should have regular ocular examination. An

eyelid speculum is inserted to hold the eye open, and

the retina is examined by indirect fundoscopy through

a dilated pupil. In addition, a small proportion will

require laser ablation of significant disease.

Recommendations

Sucrose may contribute to pain response reduction in

examination for retinopathy: Grade A (57–60).

Infants undergoing examination for retinopathy should

receive local anesthetic drops in combination with other

measures if an eyelid speculum is used: Grade B (61–

65).

Swaddling, developmental care, non-nutritive sucking,

and pacifier should be considered for neonates under-

going examination for retinopathy: Grade B

(57,60,63,66).

Laser treatment should be with general anesthesia if

timely treatment is needed: Grade D (63).

Evidence

A combined analgesic approach using LA, a pacifier,

swaddling, and the addition of a sweet solution is

likely to be most effective for ROP screening exami-

nation pain (57,65). Oral sucrose prior to the screen

reduced the behavioral pain scores in small groups

of infants (59,60). Laser treatment is painful, and

appropriate pain-relieving strategies should be

employed (63). Laser treatment may be more rapidly

available if sedation, analgesia, ventilation, and

muscle relaxation are possible on the neonatal unit

(63). See section 6.7 for further information on the

use of sucrose.

Analgesia Table 4.2.2 Retinopathy of prematurity

Direct

evidence

Indirect

evidence

Local anesthesia Topical 1+

Sucrose 1+

Non-nutritive sucking 1+

Comfort care package 1)

4.2.3 Lumbar puncture (LP) in the neonate

Sampling of cerebrospinal fluid is often regarded as a

minor procedure in infants; nevertheless, it is associ-

ated with pain that can be reduced by suitable analge-

sia (67).

Recommendation

Topical local anesthesia is effective in reducing lumbar

puncture pain: Grade A (67,68).

Evidence

There have been few studies directly investigating LP

pain in the neonate. Topical local anesthetic has

been found to be effective (67). Indirect evidence

suggests that subcutaneous infiltration of LA would

also be effective, but it has not been ‘consistently’

shown to be superior to placebo in the neonate, in

contrast to positive effects in older children and

adults (69). A nomogram of weight to midspinal

depth allows estimation of the depth of insertion of

an LP needle (70,71). This has been correlated with
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increased success rate (i.e., less red cell contamina-

tion).

Analgesia Table 4.2.3 Lumbar puncture in the neonate

Direct

evidence

Indirect

evidence

Local anesthesia Topical 1+

Infiltrationa 1+

Sucrose 1++

Non-nutritive sucking 1+

Nonpharmacological 1+

Procedure Modification 2+

aOlder children and adults.

4.2.4 Urine sampling in the neonate

Urine sampling can be important to detect urinary

tract infection in neonates and must be collected

avoiding sample contamination. Direct catheteriza-

tion of the urethra or catheterization of the bladder

by the percutaneous suprapubic route is often pre-

ferred because some types of urine collection bags

have a high rate of contamination, and ‘clean catch’

specimens can be difficult or time-consuming to col-

lect.

Recommendations

Transurethral catheterization with local anesthetic gel is

preferred as it is less painful than suprapubic catheteri-

zation with topical local anesthesia: Grade B (72,73).

Sucrose reduces the pain response to urethral catheteri-

zation: Grade C (74).

Evidence

Pain responses were observed in neonates and infants

having either urethral or suprapubic catheterization

with local anesthesia (72). Transurethral catheteriza-

tion appeared to be less painful (72). Sucrose analgesia

immediately before bladder catheterization in neonates

and infants up to 3 months old was not effective at

abolishing pain responses; however, a reduction in

response was observed in the subgroup of those

<30 days old (74). See section 6.8 for advice on the

use and administration of sucrose.

Analgesia Table 4.2.4 Urine sampling in the neonate

Direct

evidence

Indirect

evidence

Local anesthesia Topical

lubricant gela
1+

Sucrose 1) 1++

Non-nutritive sucking 1+

Nonpharmacological 1+

Procedure modificationa 1+

aUrethral catheterization.

4.2.5 Chest drain (tube) insertion and removal

The management of this procedure in the neonate

is discussed with that of older children in section 4.3.3.

4.2.6 Nasogastric tube placement

Nasogastric tube (NGT) insertion is a painful and

distressing procedure frequently performed with little

attention to pain-relieving strategies (75). Neonates

who have not fully established enteral feeding or

who have not developed a coordinated suck will

require NGT feeds. In addition, the NGT is replaced

to prevent nosocomial infection and when displaced.

Passing a NGT is a skilled procedure, and in the

UK, the Department of Health has published guide-

lines (CMO Update no.39, publ DoH, UK). In addi-

tion, the National Patient Safety Agency has

recommended that only Medicina NGT is used to

avoid erroneous intravenous drug delivery by the

NGT route (NPSA/2007/19). See also sections 4.0,

4.1, and 4.2 for advice on the general management

of painful procedures in neonates, infants, and chil-

dren. The management of this procedure is also

discussed with that of older children in section 4.3.5.

Recommendation

Sucrose can reduce the pain response from NGT

insertion: Grade B (76).

Evidence

Sucrose (0.5 ml of 24%) given 2 min before NGT

insertion reduced the behavioral pain score and physio-

logical responses in a small number of stable preterm

infants (76).
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Analgesia Table 4.2.6 Nasogastric tube insertion

Direct evidence Indirect evidence

Sucrose 1+ 1++

Non-nutritive sucking 1+

Nonpharmacological 1+

4.2.7 Immunization and intramuscular injection

The management of this procedure is also discussed

with that of older children in section 4.3.6. There are

two indications for IM injections: routine immuniza-

tion and administration of vitamin K. In any other sit-

uation, an alternative route of administration should

be used. The UK routine immunization schedule

advises that vaccinations are given at 2, 3, and

4 months of age. A premature neonate born at

<33 weeks of gestation is likely to receive these immu-

nizations at the above ages on neonatal intensive care

units.

Recommendation

Swaddling, breast-feeding or pacifier, and sucrose

should be considered in neonates undergoing vaccination:

Grade A (24,77,78).

4.3 Procedural pain management in infants
and older children

Painful procedures are often identified as the most

feared and distressing component of medical care for

children and their families. See also general consider-

ation for the management of procedural pain at the

start of section 4.0, and section 4.1 for the manage-

ment of procedural pain in the neonate. When manag-

ing procedural pain in infants, older children, and

adolescents, special emphasis should be given not only

to proven analgesic strategies but also to reduction in

anticipatory and procedural anxiety by suitable prepa-

ratory measures. Families, play therapists, nursing

staff, and other team members play key roles in reduc-

ing anxiety by suitable preparation. The personality,

previous experience, and analgesic preferences of the

child will influence management strategies. Analgesia/

sedation with 50% nitrous oxide/oxygen by supervised

self-administration should be considered where indi-

cated, especially in children older than 6 years who

can cooperate: see section 6.7. Sedation or general

anesthesia may be needed for complex, invasive, or

multiple procedures. See NICE Guideline CG112

‘Sedation in Children and Young People’ available at:

http://www.nice.org.uk/CG112.

Good practice points

Children and their parents/carers benefit from psycho-
logical preparation prior to painful procedures.

Pain management for procedures should include both
pharmacological and nonpharmacological strategies
where possible.

50% nitrous oxide/oxygen should be considered for
painful procedures in children who are able to cooper-
ate with self-administration.

Sedation or general anesthesia should be considered,
particularly for invasive, multiple, and repeated
procedures.

4.3.1 Blood sampling and intravenous cannula-
tion in children

For most children, venepuncture or intravenous cannu-

lation may be a ‘one-off’ event, but children with

chronic illness are likely to require multiple procedures,

and this can be very distressing for the child, the family,

and the medical team. When managing such pain in

infants, older children, and adolescents, special emphasis

should be given not only to proven analgesic strategies

but also to reduction in anticipatory anxiety by suitable

preparatory measures. Venepuncture or intravenous

cannulation may be technically difficult – practitioners

should not continue to try multiple cannulation sites

unless the procedure is urgent or a more experienced

practitioner is not available. In nonurgent cases, con-

sider whether the test can be rescheduled, and enlist the

help of a more experienced practitioner. See also section

4.0: general management of procedures, and 4.2: proce-

dural pain in infants, older children, and adolescents.

Recommendations

Topical local anesthesia should be used for intravenous

cannulation: Grade A (79–84).

Psychological strategies to reduce pain and anxiety

should be used: Grade A (83,85,86).

Evidence

Topical LA, such as EMLA� or AMETOP� (ametho-

caine), has an established place in the management of

venous cannulation with high-quality evidence for effi-

cacy (79–82). Recent evidence suggests that ametho-

caine has an advantage over EMLA for cannulation

(83,87). Amethocaine has a faster onset of action.
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Newer preparations such as liposomal encapsulated

LA or newer LA delivery systems may offer

advantages in some situations. Buffered injected LA,

for example, lidocaine + bicarbonate 10:1, adminis-

tered with a fine 30-g needle subcutaneously prior to

cannulation is faster in onset and may be as acceptable

and effective as topical preparations (81,82,88).

Nitrous oxide (50–70%) inhalation has been used in

children older than 6 years who can self-administer

during venepuncture in some circumstances. 70%

nitrous oxide is not routinely available for self-

administration in the UK. 50% nitrous oxide and

EMLA have been shown to be equally effective for

venepuncture with further improvements in pain reduc-

tion using a combination of the two (79,89).

The efficacy of vapocoolant topical spray has not

been clearly established. Vapocoolant spray was not

effective in reducing pain in one study of intravenous

cannulation but did show a modest reduction in pain in

a later study (90,91). In a study of children’s prefer-

ences, children who had experienced both methods

selected both ethyl chloride and Ametop� equally (92).

A combination of cooling and vibration (Buzzy�) with

or without LA reduced pain and distress of venepunc-

ture in one study (93).

Psychological approaches such as distraction should

be offered to all children as it is easy to administer.

Hypnosis can also be very effective for children requir-

ing repeated interventions (83,86).

Analgesia Table 4.3.1

Blood sampling and IV cannulation in children

Direct

evidence

Local anesthesia Topical 1++

Infiltration 1++

50% nitrous oxide/oxygen 1+

Psychological preparation 1)
Psychological intervention 1++

4.3.2 Lumbar puncture in children

Lumbar puncture (LP) is necessary in acutely ill chil-

dren in whom meningitis is suspected. These children

are likely to be unwell and anxious, and they may also

undergo other painful procedures such as venepuncture

as part of diagnosis and treatment.

Other children require ‘elective’ or ‘planned’ LP:

This may be for diagnostic reasons, such as evaluation

of possible raised intracranial pressure, or for intrathe-

cal treatments such as chemotherapy.

Positioning of the child is very important for suc-

cess, and it is helpful to have assistance from trained

staff with experience of correct positioning. Children

who require multiple LPs may cope better with the

addition of sedation (see NICE Guideline CG112

‘Sedation in Children and Young People’ available at:

http://www.nice.org.uk/CG112) or general anesthesia.

See also section 4.0 and 4.2 on the general manage-

ment of painful procedures.

Recommendations

Behavioral techniques of pain management should be

used to reduce LP pain: Grade A (85,94).

Topical LA and LA infiltration are effective for LP pain

and do not decrease success rates: Grade B (82,95,96).

50% nitrous oxide/oxygen should be offered to children

willing and able to cooperate: Grade C (97).

Evidence

Few studies have directly examined the efficacy of anal-

gesics in awake children undergoing lumbar puncture.

Most commonly, local anesthesia is combined with sed-

ative agents, such as midazolam, or biobehavioral tech-

niques, such as distraction or other cognitive–behavioral

interventions (85,94,95,98), is effective for LP pain, and

may also be used in combination with LA (either topical

or infiltration) and other strategies (97). Ketamine anal-

gesia/sedation or general anesthesia is sometimes used in

emergency departments and oncology units with appro-

priate facilities (99–101). However, recent studies indi-

cate that analgesia practice for LP in emergency

departments could be improved (102,103). It seems

likely that older children, especially those who may only

need to undergo this procedure once, may tolerate LP

with appropriate behavioral techniques and local anes-

thesia, whereas children requiring multiple LPs should

be offered sedation or GA (98).

There is some evidence that technique modification

using pencil point needles instead of standard nee-

dles may reduce the incidence of post-LP headaches

(104).

Analgesia Table 4.3.2 Lumbar puncture in children

Direct

evidence

Indirect

evidence

Local anesthesia Topical 1+

Infiltration 1)
50% nitrous oxide/oxygen 2+

Psychological interventions 1++
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4.3.3 Chest drain (tube) insertion and removal

Chest drains are necessary in children with pneumotho-

rax, empyema, pleural effusions, following chest trauma

and surgery. Pediatricians are most likely to need to

insert chest drains in the Neonatal Intensive Care Unit

to infants with pneumothorax. This procedure is

becoming increasingly rare because of improvements in

the management of Respiratory Distress Syndrome, e.g.

the use of surfactant and ventilating infants at lower

pressures. Older children require drains for manage-

ment of empyema or for pneumothorax. Chest drains

have become easier to insert recently with the develop-

ment of small-bore Seldinger-type drains that reduce

the need for blunt dissection of the chest wall: They are

available for both neonates and older children.

Sedation (see NICE Guideline CG112 ‘Sedation in

Children and Young People’ available at: http://

www.nice.org.uk/CG112) or general anesthesia should

be considered for chest drain insertion; however, in an

emergency, some children may tolerate this procedure

using infiltration of buffered LA.

Studies agree that chest drain removal also causes

significant pain. No single analgesic strategy has been

shown to satisfactorily alleviate this pain in children,

and it is likely that the optimum effects will be

achieved using a combination of strategies.

See also section 4.0 and 4.2 for advice on the general

management of painful procedures.

Good practice points

For chest drain insertion, consider general anesthesia
or sedation combined with subcutaneous infiltration of
buffered lidocaine. Selection of appropriate drain type
may reduce pain by facilitating easy insertion.

For chest drain removal, consider a combination of
two or more strategies known to be effective for pain-
ful procedures such as psychological interventions,
sucrose or pacifier (in neonates), opioids, nitrous
oxide, and NSAIDs.1

Evidence

There is little published evidence looking at analgesic

options for chest drain insertion or removal. Chest

drain insertion may require general anesthesia or seda-

tion in combination with LA infiltration. Analgesia for

removal of chest drains has included IV opioid, local

anesthetics, and NSAIDs, but despite the use of these

1It is important to allow enough time for the chosen agent to reach their

peak effect and to use adequate doses (105).

analgesics, significant pain is still reported (106,107).

Inhalation agents such as nitrous oxide or isoflurane

may have a role in these procedures, but further study

is needed (108,109). N.B. Nitrous oxide is contraindi-

cated in the presence of pneumothorax. Multimodal

therapy, for example, IV morphine, nitrous oxide, top-

ical LA, and NSAID, is likely to be superior to a sin-

gle agent, but such combinations, although in clinical

use, have not been studied.

Analgesia Table 4.3.3 Chest drain insertion and removal

Direct

evidence

Indirect

evidence

LA: buffered lidocaine infiltration (insertion) 1++

LA: topicala (removal) 1+

Opioidsa (removal) 1+

NSAIDSa (removal) 1+

50% nitrous oxidea,b (removal) 1)
Psychological interventions 1++

Procedure modification (insertion) 3

aMay reduce but not abolish pain of chest drain removal.
bContraindicated in the presence of pneumothorax.

4.3.4 Bladder catheterization and related urine
sampling procedures

Urine specimens are usually obtained by ‘clean catch’ or

midstream specimen (MSU). Urine may be obtained

from young infants by means of suprapubic aspirate

(SPA). Sampling by urethral catheterization appears to

be less painful than SPA (72,110). Bladder catheteriza-

tion may be required for radiological or other investiga-

tion of the renal tract, for example, micturating

cystourethrogram (MCUG) also known as voiding cys-

tourethrogram (VCUG). Consider whether MCUG is

really necessary – it is a distressing procedure for the

child and other less invasive techniques, such as dynamic

renal scanning may provide the same information.

Bladder catheterization may also be required in chil-

dren who develop urinary retention, particularly those

receiving epidural analgesia postoperatively. Very ill

patients in ICU may also require catheterization to

monitor urine output. For children who are to receive

postoperative epidural opioids after major surgery,

consider ‘prophylactic’ bladder catheterization under

general anesthesia at the time of surgery.

Sedation may also be indicated for some children; see

NICE Guideline CG112 ‘Sedation in Children and

Young People’ available at http://www.nice.org.uk/

CG112 for advice on sedation practice, and sections 4.0

and 4.2 on the general management of procedural pain.
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Good practice point

Lubricant containing local anesthesia should be
applied to the urethral mucosa prior to bladder
catheterization.

Recommendations

Psychological preparation and psychological and behav-

ioral interventions should be used during bladder cathe-

terization and invasive investigations of the renal tract:

Grade B (111,112).

Infants: Consider procedure modification as urethral

catheterization is less painful than SPA for urine sam-

pling: Grade B (72,73).

Evidence

Bladder catheterization has been shown to cause signifi-

cant pain and distress, but analgesia is not part of rou-

tine care in many institutions (113). More complex

interventions, which include bladder catheterizations

such as MCUG or VCUG, have also been shown to

cause significant distress, which can be reduced by psy-

chological preparation and behavioral pain manage-

ment techniques such as distraction or hypnosis

(111,112,114). Local anesthetics incorporated into lubri-

cant gels are frequently used in adults to reduce the pain

and discomfort of catheterization, but this has not been

well studied in children. Pretreatment of the urethra

with lidocaine 10 min before catheterization reduced

pain in a group of children (16 girls, four boys) with a

mean age of 7.7 years (115). However, in younger chil-

dren (mean age 2 years), application of lidocaine gel to

the ‘genital mucosa’ for only 2–3 min before the proce-

dure and its subsequent use as a lubricant did not

decrease pain (113). Techniques combining adequate

preparation, local anesthesia, and behavioral interven-

tions are likely to be more effective (116).

Analgesia Table 4.3.4

Bladder catheterization and urine sampling in children

Direct

evidence

Indirect

evidence

Local anesthesia Topical gela 1+

50% nitrous oxide 1+

Psychological preparation 1+

Psychological intervention 1+

Procedure modificationb 1+

aApplied 10 min before catheterization.
bUrethral catheterization instead of SPA.

4.3.5 Nasogastric tube insertion

See also sections 4.1, 4.2 and 4.3 for advice on the gen-

eral management of painful procedures in neonates,

infants, and children and 4.2.7 for NGT insertion in

neonates. NGT insertion is a painful and distressing

procedure frequently performed with little attention to

pain-relieving strategies (75). Infants who are unwell

and unable to feed, particularly those with respiratory

problems such as bronchiolitis, may need to be ‘tube

fed’ for a short period. NGT is often maintained in the

postoperative period and may need to be re-inserted if

they become displaced. Older children may also be fed

via NGT, for example, in patients with cystic fibrosis

who sometimes require supplementary feeding on multi-

ple occasions. Clearly, it is particularly important to

optimize pain management in those patients who are

likely to need repeated NGT placement.

Passing a NGT is a skilled procedure, and in the

UK, the Department of Health has published guide-

lines (CMO Update no.39, publ DoH, UK; NPSA/

2007/19), which should be followed.

Good practice point

Topical local anesthetics such as lubricant gel contain-
ing lidocaine, applied prior to placement, are likely to
reduce the pain and discomfort of NGT insertion.

Evidence

NGT insertion has been little studied in children. In the

adult, topical local anesthesia and lubricants have been

shown to reduce pain and facilitate placement (117–

119). 10% nebulized lidocaine is also effective in adults

but may also slightly increase the incidence of epistaxis

(120). A recent RCT did not find any benefit from nebu-

lized lidocaine in children between 1 and 5 years (121).

The additional use of vasoconstrictors such as topical

phenylephrine or cocaine may reduce this risk, findings

that have not been confirmed in children. Indirect evi-

dence also suggests that the use of psychological/behav-

ioral techniques may be of benefit in older children.

Analgesia Table 4.3.5 Nasogastric tube insertion

Direct

evidence

Indirect

evidence

Topical LA 1++

Non-nutritive suckinga 1+

Tactile stimulationa 1+

Psychological preparation 1+

Psychological intervention 1+

aInfants.
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4.3.6 Immunization and intramuscular injection

Immunization schedules result in increasing numbers

of intramuscular injections being administered to

infants and children. At 2 and 3 months, infants are

offered diphtheria, tetanus, pertussis, hemophilus

(Hib), and polio immunization as one vaccination,

with a separate meningococcal or pneumococcal vac-

cine. All 3 are given at 4 months. Children receive fur-

ther immunizations at 1 year and 15 months, again at

preschool, and finally at school leaving. Intramuscular

administration of asparaginase to children with leuke-

mia, and long-acting penicillin therapy are other exam-

ples. The pain of these injections is widely

acknowledged and contributes to anxiety in patients

and their parents/carers, particularly regarding vacci-

nations. There is now evidence that such pain may be

reduced by a number of strategies. Knowledge that

practitioners have considered the use of these strategies

may help parents in their decisions about immuniza-

tion. It is important that treatable pain is not a barrier

to the childhood immunization program.

See also sections 4.0, 4.1, and 4.2 on the general

management of procedural pain.

Good practice point

Intramuscular injections should be avoided in children
as part of routine care. If intramuscular injection is
unavoidable, pharmacological and nonpharmacologi-
cal strategies should be employed to reduce pain.

Recommendations

Psychological strategies such as distraction should be

used for infants and children undergoing vaccination:

Grade A (85,122–124).

Consider additional procedure modifications such as vac-

cine formulation, order of vaccines (least painful first)

needle size, depth of injection (25 mm 25 gauge needle),

or the use of vapocoolant spay: Grade A (125–132).

Swaddling, breast-feeding or pacifier, and sucrose should

be considered in infants undergoing vaccination: Grade

A (7,78,133,134).

Evidence

There are two phases of immunization pain: the initial

pain of the needle piercing the skin and injection of a

volume of vaccine into the muscle or subcutaneous tis-

sue, followed by a later phase of soreness and swelling at

the vaccination site because of subsequent inflammatory

reaction. Studies have generally investigated strategies

designed to deal with the former, presumably because

this is perceived to be the most unpleasant component.

Children typically dread needle-related pain; the use of

either nonpharmacological or pharmacological pain

reduction strategies may reduce subsequent negative

recall (123). There is good evidence that nonpharmaco-

logical methods, particularly distraction, can reduce

immunization pain (85,122,123,135). There is also evi-

dence of benefit from nonpharmacological strategies in

neonates and young infants <2 months including swad-

dling, non-nutritive sucking, and sucrose and glucose

(7,133,134,136). The optimal dose of sucrose has not yet

been determined, and its effectiveness in infants from

1 month is uncertain (137). See section 6.7 for informa-

tion on the use of sucrose.

Procedure modifications may alter pain responses.

Some combined vaccine formulations (MMR-Priorix,

lower dose DTP vaccine booster Tdap) appear to be less

painful, and this requires further study (127,129,138).

Longer (25 mm) needles and deeper intramuscular

rather than subcutaneous injection can reduce local reac-

tivity following immunization (126,130). Swab-applied

vapocoolant (Fluori-methane) was as effective as topical

analgesia when both were combined with distraction

(125). Simultaneous, rather than sequential injection of

multiple vaccines was less painful in one study (139).

Topical local anesthesia (EMLA�, Ametop�) is

clearly capable of reducing components of vaccination

pain in both infants and older children, but the effi-

cacy and the balance of effectiveness against cost are

difficult to determine from the studies presently avail-

able (7,140–143). Lidocaine local anesthesia added to

asparaginase or benzyl penicillin injection reduced the

pain response in two studies; again, this approach

requires further investigation (144,145).

Analgesia Table 4.3.6 Immunization and intramuscular injection

Direct

evidence

Indirect

evidence

Local anesthesia Topical 1+

Sucrose 1)
Psychological interventions 1++

Psychological preparation 1+

Procedure modifications 1+

4.3.7 Repair of lacerations in children

Traumatic lacerations of the skin and scalp are com-

mon presentations in the emergency department.

Acceptable, safe, and effective repair is often a consid-

erable challenge. For minor lacerations without general

anesthesia or sedation, a combination of pharmacolog-

ical and nonpharmacological techniques is likely to be
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most effective. There are a number of less painful

alternatives to simple wound suture in the awake

patient: Tissue adhesives in simple low-tension wounds

and the hair apposition technique (HAT) in scalp lac-

erations are examples.

Also see section 4.0 and 4.2 for general consider-

ations in procedural pain management.

Good practice point

For extensive wounds or children who are very anx-
ious consider sedation or general anesthesia.

Recommendations

For repair of simple low-tension lacerations, tissue adhe-

sives should be considered as they are less painful, quick

to use, and have a similar cosmetic outcome to sutures or

adhesive skin closures (steri-strips): Grade A (146–148).

Topical anesthetic preparations, for example, LAT (lido-

caine–adrenaline–tetracaine) if available, can be used in

preference to injected LA, as they are less painful to

apply; it is not necessary to use a preparation containing

cocaine: Grade A (149–153).

Buffering injected lidocaine with sodium bicarbonate

should be considered: Grade A (88).

‘HAT’ should be considered for scalp lacerations. It is

less painful than suturing, does not require shaving, and

produces a similar outcome: Grade B (154).

If injected lidocaine is used, pretreatment of the wound

with a topical anesthetic preparation, for example, lido-

caine–adrenaline–tetracaine (LAT) gel, reduces the pain

of subsequent injection: Grade B (155,156).

50% nitrous oxide reduces pain and anxiety during lac-

eration repair: Grade B (157–159).

Evidence

Laceration repair has been relatively well studied in

children. There are a number of alternatives to simple

wound suture in the awake patient. Tissue adhesives in

simple low-tension wounds and the hair apposition

technique (HAT) in scalp lacerations are less painful

alternatives (147,154). A number of topical local anes-

thetic mixtures are available; they can give equivalent

analgesia to infiltrated local anesthetic and are less

painful to apply although a recent systematic review in

adults and children concluded that there was insuffi-

cient evidence to unreservedly recommend topical LA

in preference to injected LA (82,153). A systematic

review including trials in adults and children found that

‘buffering’ local anesthetics with sodium bicarbonate

significantly reduces the pain of injection (88). Nitrous

oxide has been shown to be effective in reducing pain,

anxiety, and distress in cooperative children (157,158).

See section 6.7 for information on the use of nitrous

oxide. Psychological techniques such as distraction and

relaxation are also likely to be useful (85).

Analgesia Table 4.3.7 Repair of lacerations in children

Direct

evidence

Indirect

evidence

Local anesthesia Topical 1++

Infiltration 1++

Buffered

infiltration

1++

50% nitrous oxide 1+

Procedure modification 1++

Psychological intervention 1++

4.3.8 Dressing changes in the burned child

Children with burns often require repeated, often

extremely painful, dressing changes. Children with

severe burns are normally cared for in a specialist unit,

but some children will be seen in Emergency Depart-

ments. Initial dressing changes are likely to be per-

formed under general anesthesia, and if children

remain very distressed, this option may be favored for

subsequent procedures. Sedation is sometimes used to

supplement analgesia for burns dressings, see NICE

Guideline CG112 ‘Sedation in Children and Young

People’ available at: http://www.nice.org.uk/CG112. In

the early stages of burn pain management, children

may require continuous infusion of potent opioids

such as morphine, and additional analgesia will be

required prior to dressing changes (160).

Both pharmacological and nonpharmacological tech-

niques should be used in the management of painful

dressing changes, see section 4.0, 4.1, and 4.2 for advice

on the general management of painful procedures.

Recommendations

Potent opioid analgesia given by oral, transmucosal, or

nasal routes according to patient preference and avail-

ability of suitable preparations should be considered for

dressing changes in burned children: Grade A (161–

164).

Nonpharmacological therapies such as distraction and

relaxation should be considered as part of pain manage-

ment for dressing changes in burned children: Grade B

(165–170).
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Evidence

The evidence base for managing burn pain in children

is small and incomplete. Opioids are used extensively

and should be given as necessary by intravenous or

other routes (160). There are a number of small studies

comparing different opioid formulations and routes of

administration, such as transmucosal or intranasal fen-

tanyl, hydromorphone, oxycodone and morphine by

the oral route (161–164).

There is evidence for distraction with children using

a variety of devices – such as helmet Visual Reality

devices or hand-held multimodal devices where the

child is an active participant in the game they are play-

ing being more effective than standard distraction

when burns dressings are being changed (168–173).

Small studies have investigated different creams or

dressings with some being less painful – more research

is needed in this area (174–176). Nitrous oxide is used

extensively for single painful procedure in children

who are able to cooperate; multiple or frequent admin-

istration may lead to bone marrow toxicity. Nitrous

oxide has not been directly studied in this patient

group, although there is one small cohort study assess-

ing parent and patient satisfaction (177). See section

6.7 for more information on the use of nitrous oxide.

Analgesia Table 4.3.8 Dressing changes in burned child

Direct

evidence

Indirect

evidence

Opioids 1++

Nitrous oxidea 1++

Psychological preparation 1+

Psychological intervention 1+

aNo data for multiple administrations.

4.3.9 Botulinum injections for children with
muscle spasm

Botulinum toxin is used to relieve muscle spasm; in

pediatric practice, this is most often the spasticity asso-

ciated with cerebral palsy. These injections can take a

long time – usually, multiple sites are chosen, and

there are three phases to the procedure: initial punc-

ture, localization of correct muscle point, and then

injection. There is very little evidence for pain manage-

ment strategies: In practice, many children are likely to

be offered general anesthesia or sedation.

One observational study was identified, which inves-

tigated the level of pain felt by children undergoing

this procedure with local anesthetic cream and 50%

nitrous oxide. In this study, half the children experi-

enced severe pain, but the rest of the children managed

well with this combination (178). Further research is

needed.

Good practice point

50% nitrous oxide/oxygen should be considered in chil-

dren who are able to cooperate with self-administration.

Analgesia Table 4.3.9 Botulinum toxin injections

Direct

evidence

Indirect

evidence

50% nitrous oxide 1+

Topical LA 1+

Psychological preparation 1+

Psychological intervention 1+
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Section 5.0

Postoperative pain

Contents

5.1 General principles of postoperative pain management

5.2 ENT surgery

5.2.1 Myringotomy

5.2.2 Tonsillectomy

5.2.3 Mastoid and middle ear surgery

5.3 Opthalmology

5.3.1 Strabismus surgery

5.3.2 Vitreoretinal surgery

5.4 Dental procedures

5.5 General surgery and urology (minor and Intermediate)

5.5.1 Sub-umbilical surgery

5.5.2 Circumcision

5.5.3 Neonatal circumcision

5.5.4 Hypospadias repair

5.5.5 Orchidopexy

5.5.6 Open inguinal hernia repair

5.5.7 Umbilical hernia repair

5.6 General surgery and urology (major)

5.6.1 Intra-abdominal surgery

5.6.2 Appendicectomy (open)

5.6.3 Fundoplication (open)

5.6.4 Major urology

5.7 Laparoscopic surgery

5.8 Orthopaedics, spinal and plastic surgery

5.8.1 Lower limb surgery

5.8.2 Upper limb surgery

5.8.3 Spinal surgery

5.8.4 Cleft lip and palate and related procedures

5.9 Cardiothoracic surgery

5.9.1 Cardiac surgery (sternotomy)

5.9.2 Thoracotomy

5.10 Neurosurgery

5.10.1 Craniotomy and major neurosurgery

5.1 General principles of postoperative
pain management

Good practice points

Providers of postoperative care should understand the
general principles of good pain management in chil-
dren; this includes knowledge of assessment techniques
and the use of analgesics at different developmental
ages.

Pediatric anesthetists are responsible for initiating
postoperative analgesia. They should liaise with
patients and their families/carers, surgeons, and other
members of the team providing postoperative care to
ensure that pain is assessed and suitable ongoing
analgesia is administered.

Postoperative analgesia should be appropriate to
developmental age, surgical procedure, and clinical
setting to provide safe, sufficiently potent, and flexible
pain relief with a low incidence of side effects.

Combinations of analgesics should be used unless
there are specific contra-indications, for example;
local anesthetics, opioids, NSAIDs, and paracetamol
can be given in conjunction, not exceeding maximum
recommended doses.

Introduction

Postoperative care is frequently shared between heath

professionals from different disciplines: they should be

suitably qualified, including an awareness of the gen-

eral principles of pain assessment and pain manage-

ment in children. Postoperative analgesia should be

planned and organised prior to surgery in consultation

with patients and their families or carers, and other

members of the perioperative team. The pediatric anes-

thetist is responsible for initiating suitable postopera-

tive analgesia; this should be considered to be part of

the overall plan of anesthesia.

Analgesia is an integral part of surgical anesthesia,

and therefore, potent analgesics are administered dur-

ing general anesthesia in the form of opioids, local

anesthetics, and other drugs. Patients and carers

should be made aware that the effects of these analge-

sics will wear off in the postoperative period, leading

to an increase in pain and the need for further analge-

sia. Patients should not be discharged from the Post-

operative Care Unit (postanesthesia recovery area)

until satisfactory pain control is established and ongo-

ing analgesia is available.

Prior to discharge from the hospital, patients and

their families should be given clearly presented infor-

mation and advice regarding the assessment of pain

and the administration of analgesia at home. It is also
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necessary to ensure that the patient will have access to

suitable analgesia.

Pain after surgery is usually most severe in the first

24–72 h but may persist for several days or weeks.

Analgesia can be given regularly (by the clock) in the

early postoperative period and then ‘as required’

according to assessed pain. Drugs to counteract

unwanted effects of analgesia or other side effects of

surgery such as PONV should also be available and

administered when necessary.

Postoperative pain should be assessed frequently: see

section 3.0 for further information. Analgesic regimens

should be sufficiently flexible to allow for inter-individ-

ual differences in the response to analgesics and the

variation in the requirement for pain relief that occurs

during the postoperative period.

5.2 ENT surgery

5.2.1 Myringotomy

Drainage of the middle ear, usually with insertion of a

tube, is a treatment for otitis media. Myringotomy is

usually considered to be a minor procedure, under-

taken on a day-case basis. See also section 5.1 for the

general principles of postoperative pain management.

Good practice point

As myringotomy is a brief procedure, oral paraceta-
mol or NSAID should be administered preoperatively
to ensure adequate analgesia at the end of surgery.

Recommendations

Oral paracetamol or NSAIDS (ibuprofen, diclofenac, or

ketorolac) in suitable doses can achieve adequate early

postoperative analgesia: Grade B (1–4).

Opioids are effective but not recommended for routine

use because of side effects: Grade B (1,5–8).

Evidence

Paracetamol (oral) produces dose-related analgesia;

10 mgÆkg)1 is no better than placebo (3) or is associated

with higher supplemental requirements (8), whereas pain

scores are lower with 15–20 mgÆkg)1 (1,2,4,5,9).

Ibuprofen and diclofenac appear to provide similar

analgesia to paracetamol (2,10), but the combination

has not been tested.

Ketorolac 1 mgÆkg)1 (intravenous) provides minor

improvements in analgesia when compared with low

doses of paracetamol, 10 mgÆkg)1 (3,8); paracetamol

10 mgÆkg)1 + codeine 1 mgÆkg)1 (8); paracetamol

15 mgÆkg)1 (but only first 10 min there was no differ-

ence at 20 min) (4). See section 6.5 for recommended

doses of ketorolac and other NSAIDS.

Opioids, for example codeine, butorphanol, or

fentanyl, have been associated with increased side

effects when compared with NSAIDs or paracetamol,

without clinically significant improvements in analgesia;

therefore, their use is not warranted for routine

myringotomy:

i. increased sedation and time to discharge for oral

codeine: (1), nasal fentanyl (7) and nasal butorphanol (6)

ii. increased vomiting with oral codeine or nasal but-

orphanol (8).

LA block of the auricular branch of the vagus pro-

vided equivalent analgesia to intranasal fentanyl (11).

Analgesia Table 5.2.1

Direct

evidence

Opioida 1)
NSAID 1)
Paracetamol 1)

aNot routinely recommended because of side effects: see text.

5.2.2 Tonsillectomy

Tonsillectomy (±adenoidectomy) is one of the most

frequently performed procedures in children. Chronic

or recurrent tonsillitis with tonsillar hyperplasia lead-

ing to upper airway obstruction, for example in sleep

apnea syndromes, is the most frequent indication for

tonsillectomy. The choice of analgesia, postoperative

monitoring, and duration of hospital admission is

influenced by the potential for serious complications

such as apnea, perioperative bleeding, and postopera-

tive nausea and vomiting (PONV). Pain after tonsillec-

tomy can persist for many days. See also section 5.1

for the general management of postoperative pain.

Good practice point
As significant levels of pain, behavioral disturbance, sleep

disruption, and altered activity can persist for 5–8 days

following tonsillectomy, regular administration of analge-

sia may be necessary during this period. Information for

families about pain assessment and medication use follow-

ing discharge is particularly important.
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Recommendations

A combination of individually titrated intraoperative opi-

oids, dexamethasone, and regularly administered periop-

erative mild analgesics (NSAIDS and/or paracetamol) is

recommended for management of tonsillectomy pain:

Grade A (12,13).

Topical application or injection of local anesthetic in the

tonsillar fossa improves early pain scores following ton-

sillectomy: Grade A (14,15).

Tramadol can produce similar analgesia to morphine or

pethidine: Grade B (16–18).

Peritonsillar injection of tramadol has no advantage over

systemic administration: Grade B (19,20).

Intraoperative intravenous ketamine does not provide

significant postoperative advantage compared with opi-

oid: Grade B (16,17,21,22).

Implementation of standardised protocols including in-

traoperative opioid ± anti-emetic, perioperative NSAID

(diclofenac or ibuprofen), and paracetamol is associated

with acceptable pain relief and low rates of PONV:

Grade C (23,24).

Evidence

Significant levels of pain, behavioral disturbance, sleep

disruption, and altered activity can persist for 5–8 days

following tonsillectomy (25–28). Regular administra-

tion of paracetamol and NSAID is necessary for sev-

eral days postoperatively, and adequate parental

education about pain assessment and medication use is

required.

Opioids: Intraoperative opioids are given during ton-

sillectomy and may be required in the postoperative

period (12). Morphine is the prototype opioid, but

there has been some interest in the use of tramadol fol-

lowing tonsillectomy.

Tramadol produces similar analgesia and side effects

to morphine (29) and pethidine (16). Tramadol

1 mgÆkg)1 was equianalgesic with IV paracetamol

15 mgÆkg)1 in one study (30). One study reported less

nausea with tramadol than morphine (18). In patients

with sleep apnea tramadol was associated with fewer

episodes of oxygen desaturation at one time point

postoperatively (1–2 h, no difference at earlier or later

time points to 6 h) (29). Comparison of intravenous

and peritonsillar injection of tramadol 2 mgÆkg)1

reported minor improvements with peritonsillar injec-

tion (19), but effects are likely to be related to systemic

absorption. Tramadol 1 mgÆkg)1 (IV), 2 mgÆkg)1 (IM),

or 3 mgÆkg)1 by peri-tonsillar injection reduced pain

scores when compared with placebo (20,31). Of partic-

ular concern, children in these placebo groups received

no intra-operative analgesia. However, tramadol was

less effective than ketoprofen (higher pain scores and

higher postoperative PCA fentanyl) and did not differ

from placebo in one study (32).

NSAIDS improve analgesia when compared with

placebo (10/11 studies) and provide similar analgesia

to opioids (7/8 studies) and paracetamol (3/3 studies)

(33). A systematic review found that heterogeneity of

the data precluded meta-analysis, and many studies

comparing two active treatments were not sensitive

enough to show a difference (12). Subsequent studies

have reported similar analgesia with ketorolac and

fentanyl (34), no improvement with addition of rofec-

oxib to opioid and paracetamol (35), and no differ-

ence in pain scores but increased rescue analgesic

requirements with IV paracetamol compared with

pethidine (36). Ketoprofen improved analgesia in the

first 6 h postoperatively in comparison with tramadol

or placebo (32).

Paracetamol is more effective given orally prior to

surgery than rectally after induction of anesthesia, it

reduces opioid requirements and PONV (37–39).

Local anesthesia: Two recent meta-analyses reported

statistically significant reductions in postoperative pain

scores with local anesthetic techniques for up to 48 h,

but the effect size decreased after the first 4–6 h

(14,15). Topical application and infiltration were

equally effective (14), and no difference was found

between LA infiltration before or after removal of the

tonsils (15). Postoperative analgesic requirements were

reduced (15), but there was no significant difference in

adverse events (14) or PONV (15). In additional stud-

ies, bupivacaine infiltration and topical levobupiva-

caine swabs improved pain scores but did not alter

PONV (40,41). Others reported no benefit with peri-

tonsillar LA infiltration (42) and similar analgesia

when topical 2% viscous lignocane was compared with

rectal diclofenac (43).

Ketamine (IV) improves analgesia when compared

with placebo (21,44,45) but provides no advantage

when compared with equianalgesic opioid (17,46) and

may increase side effects (22). Addition of ketamine

0.25 mgÆkg)1 to morphine 0.1 mgÆkg)1 did not signifi-

cantly improve analgesia (47). Topical application on

swabs (ketamine 20 mg in children aged 3–12 years)

(48) or peritonsillar infiltration reduced very early

pain scores and opioid requirements (49), effects may

relate to systemic absorption. The combination of ke-

tamine 0.5 mgÆkg)1 IV and topical bupivacaine infil-

tration resulted in minor reductions in pain scores
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when compared with LA alone and saline control

groups (41).

Dexmedetomidine (IV) may reduce opioid require-

ments and respiratory side effects in children after ton-

sillectomy, this may particularly benefit those with

obstructive sleep apnea (OSA) or respiratory compro-

mise. One microgram per kilogram produced less respi-

ratory depression than 100 lgÆkg)1 morphine but less

effective analgesia (50). Higher doses, 2 and 4 lgÆkg)1,

lengthened time to rescue opioid analgesia but

increased sedation in the early postoperative period

when compared to fentanyl 1 or 2 lgÆkg)1 IV (51).

Dexmedetomidine 2 lgÆkg)1 + 0.7 lgÆkg)1Æh)1 intra-

operative reduced early postoperative opioid require-

ments and agitation in children with OSA compared

with fentanyl 1 lgÆkg)1 (52).

Dexamethasone reduces PONV and postoperative

pain scores following tonsillectomy (13,53).

Most meta-analyses of posttonsillectomy analgesia

have focused on PONV and bleeding rather than anal-

gesic efficacy. PONV following tonsillectomy is reduced

by NSAID presumably because of a reduction in

opioid requirement (33,54), and by intraoperative dexa-

methasone (see above). As posttonsillectomy bleeding

is relatively rare, meta-analyses have included different

trials and reached different conclusions:

l Bleeding is increased by aspirin but not ibuprofen or

diclofenac (seven trials) (55).

l Risk of bleeding and reoperation increased (NNH

29), and NSAIDS should not be used (seven trials)

(56).

l Risk of reoperation (NNH 60) but not bleeding

increased, and NSAIDS should be used cautiously (25

trials) (33)

l NSAIDS do not increase risk of bleeding or reopera-

tion but further studies required (13 pediatric trials)

(54).

Although meta-analyses are currently inconclusive,

perioperative diclofenac and ibuprofen appear to be

associated with minimal risk of posttonsillectomy

bleeding. Early studies using high doses of ketorolac

have been included in the meta-analyses, but there are

insufficient data to assess the risks associated with dif-

ferent NSAIDS.

Analgesia Table 5.2.2

Agent Technique

Direct

evidence

LAa Tonsillar fossa injection 1+*

Topical 1+*

Opioid 1+

Tramadol 1+

Dexamethasone 1+

Ketamine 1+

NSAIDS 1+

Paracetamol 1+

aNo differences have been demonstrated based on route (topi-

cal vs infiltration), type of LA, or time of injection (pre- vs pos-

tremoval).

5.2.3 Mastoid and middle ear surgery

Mastoidectomy may be performed to remove infected

tissue or cholesteatoma. As the incidence of chronic

suppurative otitis media is declining in many popula-

tions, this surgery is now less frequently required in

the UK. Middle ear surgery, such as reconstruction of

a damaged tympanic membrane by placement of surgi-

cal grafts, may be associated with significant PONV.

See also section 5.1 for the general management of

postoperative pain.

Recommendations

Great auricular nerve block can provide similar analge-

sia and reduced PONV compared with morphine. Prein-

cision timing of the block confers no additional benefit:

Grade B (57,58).

Evidence

There are relatively few controlled trials specifically

investigating pain during and after mastoidectomy and

invasive middle ear surgery, and no further studies

since the last edition of this guideline. As NSAIDS

and paracetamol improve analgesia for middle ear pro-

cedures, there is indirect evidence that they provide

beneficial supplemental analgesia for mastoid surgery.

However, compared with middle ear surgery, mastoid

surgery is associated with increased pain: patients are

therefore more likely to require opioids, treatment for

PONV and hospital admission (59). In procedures that

require a postauricular incision, LA block of the great

auricular nerve can provide similar analgesia and

reduced PONV compared with morphine (57). No dif-

ference was found between performing the block prein-

cision vs prior to the end of surgery (58).
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Analgesia Table 5.2.3

Agent Technique

Direct

evidence

Indirect

evidence

LA Greater auricular

nerve block

1)

Opioid 1)
NSAID 1)
Paracetamol 1)

5.3 Opthalmology

5.3.1 Strabismus surgery

Strabismus surgery (correction of squint) is associated

with a high incidence of PONV, and intraoperative

tension on ocular muscles may provoke a vagal

response (oculocardiac reflex). See also section 5.1 for

the general management of postoperative pain.

Recommendations

Intraoperative LA blocks (subtenon’s or peribulbar)

reduce PONV and may improve perioperative analgesia

in comparison with IV opioid but provide no benefit over

topical LA: Grade B (60–64).

Topical NSAIDS do not improve pain scores or postoper-

ative analgesic requirements when compared with topical

LA or placebo: Grade B (65–67).

Intraoperative opioid and NSAID provide similar post-

operative analgesia, but opioid use is associated with

increased PONV: Grade B (68–71).

Evidence

In many trials, reduction of PONV rather than

improvement in analgesia has been the primary out-

come. The duration of surgery varies from 25 to

80 min in the reported studies, and many do not dis-

criminate between unilateral or bilateral surgery or

procedures involving single or multiple muscles. This

may contribute to the variability across studies in the

incidence of side effects and analgesic requirements.

Peribulbar or subtenon’s LA blocks reduce intraopera-

tive oculocardiac reflex responses (60,62,63) and PONV

(60,62,63) when compared with intraoperative opioid.

Peribulbar or subtenon blocks reduce perioperative anal-

gesic requirements when compared with opioid in some

(60,63) but not all (61,62) trials. No complications of LA

injections were reported in these studies, but patient

numbers are small. Sub-tenon’s block provided no bene-

fit compared with less invasive topical tetracaine applica-

tion (64). Topical LA applied prior to and at the

completion of surgery reduced early distress (first

30 min) but did not influence pain at later time points or

reduce supplemental analgesic requirements (72).

No difference in postoperative pain scores or analge-

sic requirement has been detected between topical LA

drops and topical NSAIDS (65,67). Pain scores (CHE-

OPS) were not reduced by topical NSAIDS when com-

pared with placebo (66,67), but the authors questioned

the sensitivity of this measure for ocular pain.

Direct comparisons of intraoperative NSAID and

opioid (PR diclofenac vs IV morphine) (71) (IV ketoro-

lac vs IV pethidine) (70) (IV ketorolac vs IV fentanyl)

(68) have reported no difference in postoperative pain

scores or supplemental analgesic requirements but

increases in PONV in patients given opioids. Compari-

son of intraoperative remifentanil and fentanyl reported

higher early pain scores but less PONV with remifenta-

nil (73). Comparisons of NSAID and placebo have

shown minor improvements in pain score and reduc-

tions in supplemental analgesic requirements (69,74).

Analgesia Table 5.3.1

Agent Technique

Direct

evidence

Indirect

evidence

LA Subtenon blocka 1)
LA Peribulbara 1)
LA Topicala 1+

Opioid Parenteralb 1)
NSAID Topical 1)

Systemicb 1)
Paracetamol 1)

aFew comparisons, but no advantage of subtenon over topical

in one trial.
bSimilar analgesia with systemic NSAID and opioid but

increased PONV with opioid; oral or rectal paracetamol given

as part of multimodal analgesia to all patients in several trials

but efficacy not directly compared with other agents.

5.3.2 Vitreoretinal surgery

Vitreoretinal and retinal detachment surgery are asso-

ciated with significant postoperative pain and PONV.

Supplemental local anesthetic techniques may have a

role, but the relative benefit vs risk has not been fully

evaluated. See also section 5.1 for the general manage-

ment of postoperative pain.

Recommendations

In vitreoretinal surgery, NSAID can provide similar

analgesia but lower rates of PONV compared with opi-

oid: Grade C (75).
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Peribulbar block improves early analgesia and

may reduce PONV compared with opioid: Grade C

(60,76–78).

Evidence

Ketoprofen and pethidine provided similar levels of

analgesia, but PONV was less with ketoprofen (75).

Peribulbar LA block appears to be effective (60,76).

Concerns have been expressed that peribulbar block

may present a higher risk in children than subtenon’s

block as the eye occupies a relatively greater volume of

the bony orbit in a child, and large volumes of LA have

been used in trials of peribulbar block (79). Compared

with fentanyl, subtenon’s LA block reduces the inci-

dence of intra-operative oculo-cardiac reflexes and

improves early analgesia (77,80), but only one trial

showed a reduction in analgesic requirements and

PONV (77). There has been no evaluation of the risk vs

benefit of these procedures in children.

Topical LA gel at the beginning of surgery reduced

intra-operative, but not postoperative, analgesic

requirements (81).

Analgesia Table 5.3.2

Agent Technique

Direct

evidence

Indirect

evidence

LA Peribulbar blocka 2+

Subtenon block 1)
Opioid 1)
NSAID 1)
Paracetamol 1)

aNo analysis of risk–benefit for peribulbar block.

5.4 Dental procedures

Dental procedures in children may range from minor

restoration and conservation requiring little or no

postoperative analgesia, to variable numbers of extrac-

tions, and sometimes more extensive surgery leading to

significant postoperative pain. See also section 5.1 for

the general management of postoperative pain.

Recommendations

NSAIDS with or without paracetamol reduce pain fol-

lowing dental extractions: Grade B (82–84).

Swabs soaked with bupivacaine on exposed tooth sockets

following extraction produce no or minor improvements

in pain in the immediate postoperative period: Grade B

(85,86).

Intraoperative LA infiltration reduces postoperative pain

following dental extractions, but provides little addi-

tional benefit over NSAIDS and paracetamol alone:

Grade B (83,84,87,88).

Evidence

The degree of postoperative pain following dental

extractions increases with the number of teeth removed

(89,90).

NSAIDS (82,91,92) and combinations of NSAID

and paracetamol (83,84,88) reduce pain following den-

tal extractions. However, adding paracetamol to ibu-

profen did not improve early analgesia (15 min

postoperatively) compared with ibuprofen alone in one

study (82).

Opioids: no differences in analgesia were shown in

comparisons with NSAIDS for extractions (93,94), but

opioids may produce increased PONV (94). Similarly,

for dental restorations without extractions, paraceta-

mol provided adequate analgesia, pain scores were

slightly lower with pethidine, but sedation was

increased (95).

LA infiltration (2% lignocaine with adrenaline)

added to NSAID ± paracetamol (83,84,88,92) pro-

vides little additional benefit following dental extrac-

tions, but less postoperative bleeding in the recovery

room (reduced need for suctioning rather than quanti-

fied losses) was noted in one trial (88). Addition of

morphine (25 lgÆkg)1) to the local anesthetic injection

did not improve analgesia (96). The soft tissue numb-

ness associated with LA infiltration may produce dis-

tress and increase biting of lips and cheeks in young

children (92). Distressing numbness was avoided by in-

traligamental injection of LA, but adding this to

NSAID and paracetamol provided no additional bene-

fit (83) or minor improvements in early analgesia

(5 min) only (84). No improvements in analgesia or

distress were found when bupivacaine-soaked swabs in

the dental socket were added to paracetamol

15 mgÆkg)1 (86) or diclofenac (85).

Analgesia Table 5.4

Agent Technique

Direct

Evidence

LA Local infiltrationa 1+

Soaked swabsa 1)
Opioid 1)
NSAID 1+

Paracetamol 1)

aImprovements in early analgesia and no additional benefit over

NSAID ± paracetamol.
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5.5 General surgery and urology (minor
and intermediate)

5.5.1 Sub-umbilical surgery

This category has been included because many studies

have used a combination of different surgical proce-

dures from the sub-umbilical area as the operative

model, for example, repair of inguinal hernia, orchido-

pexy, orchidectomy, circumcision, phimosis, hypospa-

dias, hydrocoele, vesico-ureteric reflux, testicular

tortion, appendicectomy. Postoperative pain is unlikely

to be equivalent following each of these different pro-

cedures (97), but they are not uniformly distributed

between studies and the numbers of individual proce-

dures in each study are often low, thereby making it

impractical to look at each procedure in isolation.

Refer to other pages in this section for more informa-

tion on specific procedures, see also section 5.1 for the

general management of postoperative pain.

Recommendation

LA should be used when feasible: wound infiltration,

transversus abdominis plane (TAP) block, ilio-inguinal

nerve block, and caudal analgesia are effective in the

early postoperative period following sub-umbilical sur-

gery: Grade A (98–103).

Evidence

The majority of studies compared differing drug com-

binations in central or peripheral nerve blockade. Cau-

dal epidural neuraxial block was the most commonly

studied technique and demonstrated good efficacy in

all studies with a low failure and serious complication

rate. This is in agreement with large case series of this

technique (104–107). Efficacy was equivalent irrespec-

tive of the local anesthetic agent used, and there was

little difference in the rate of side effects, caudal anal-

gesia has been used with either general anesthesia or

sedation for surgery (100,102,107–109). The optimal

concentration and volume of LA has not been eluci-

dated, but concentrations of levobupivacaine and ropi-

vacaine below 0.2% have been associated with lower

efficacy in some studies (110–112).

Caudal neuraxial analgesic additives1: with LA: the

addition of caudal S-ketamine, neostigmine, clonidine,

dexmedetomidine, midazolam, buprenorphine, fentanyl,

and morphine increased analgesic efficacy and prolonged

the duration of the block, with little reported increase in

side effects in most studies (113–123). In contrast, other

studies show that there is no benefit to adding midazo-

lam, magnesium, or sufentanil to LA via the caudal route

(124–126). Clonidine, S-ketamine, and buprenorphine

were more effective when given by the caudal route com-

pared with the intravenous route (115,120,127). In direct

comparisons, either caudal clonidine or midazolam were

better than morphine (113,128).

Without LA: a combination of S-ketamine and

clonidine demonstrated better analgesic efficacy than

S-ketamine alone via the caudal route (129). The use

of such adjunctive analgesia requires further research

to better identify safety profile, risk–benefit and dose;

see also section 6.3 for a further discussion of neuraxial

analgesia.

Ilio-inguinal nerve block was shown to be effective,

but overall efficacy was generally lower than in studies

of caudal block (98,130). The use of ultrasound to

place the ilio-inguinal block improved the quality of

the block, decreased supplementary opioid use, and

decreased the amount of local anesthetic used (131).

No benefit was seen from adding clonidine to the local

anesthetic in ilio-inguinal nerve block (100,132).

TAP block is feasible with initial reports of good

efficacy. An ultrasound-guided technique was shown

to be effective in the intraoperative and early postoper-

ative period, though efficacy was less when compared

with ultrasound-guided ilio-inguinal nerve block for

inguinal surgery (103).

LA wound infiltration/instillation is effective in the

early postoperative period, it was equivalent to ilio-

inguinal block with no further benefit from using them

in combination in one study (98,101).

1Note on caudal additives: not all additives have undergone rigorous

safety testing and concerns regarding potential toxic effects have been

expressed. See Section 6. 3
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Analgesia Table 5.5.1 Sub-umbilical Surgery

Agent Technique

Direct

evidence

Indirect

evidence

LA Wound infiltrationa 1+

LA Ilio-inguinal nerve blocka 1+

LA TAP Block 1)
LA Caudal epidural 1+

LA + Ketamineb Caudal epidural 1+

LA + Clonidineb Caudal epidural 1+

Opioidc 1+

NSAIDc 1+

Paracetamolc 1+

aPossibly lower efficacy than caudal block: more studies are

required.
bNote on caudal additives: not all additives have undergone rig-

orous safety testing, and concerns regarding potential toxic

effects have been expressed. See Section 6.
cAs part of a multi-modal technique

5.5.2 Circumcision

Circumcision is regarded as a relatively minor surgical

procedure, but it may be associated with significant

postoperative pain and distress. It is usually under-

taken on an out-patient or day-case basis. Circumci-

sion in the neonate is considered separately in section

5.5.3. See sections 5.1 for the general management of

postoperative pain and 5.5.1 for a discussion of sub-

umbilical surgery.

Good practice point

Analgesia with opioid alone should be avoided if pos-
sible because of lower efficacy and higher incidence of
side effects in comparison with LA techniques.

Recommendation

Caudal epidural and dorsal nerve block are effective in

the early postoperative period, with low rates of compli-

cations and side effects: Grade A (133).

Evidence

Local anesthetic techniques involving a regional block

or topical application can provide good analgesic effi-

cacy in the early postoperative period (133–135).

Analgesia following caudal or dorsal nerve block was

equivalent and was superior to subcutaneous ‘ring’

block (133,136–139). Caudal and dorsal nerve block

demonstrated a low failure and serious complication

rate in all studies. This is in agreement with larger

case series of both techniques (104,140). In some

studies, a caudal block reportedly increased the time

to micturition and incidence of motor block

compared with dorsal nerve block and subcutaneous

ring block, but this finding was not seen in other

investigations (133,136–139). The ideal agent, dose, or

concentration for a caudal block has not been eluci-

dated. The use of ultrasound for dorsal nerve block has

been shown to improve the efficacy and decrease the

incidence of failed blocks (141) The use of subcutaneous

ring block was associated with a higher failure and com-

plication rate than caudal or dorsal nerve block

(136,137). Pundendal nerve block has also been shown

to provide effective perioperative analgesia for circumci-

sion (142,143). One study compared topical local anes-

thesia with dorsal nerve block for 6 h postoperatively

and showed no difference in analgesia (144).

Caudal neuraxial analgesic additives1: Keta-

mine + LA showed increased analgesic efficacy but

also increased motor block when compared with a LA

dorsal nerve block (145). The addition of ketamine or

clondine conferred no additional benefit compared

with LA alone in other studies (146,147).

Parenteral opioids are associated with lower analge-

sic efficacy and increased postoperative nausea and

vomiting compared with LA techniques (135).

NSAID (Diclofenac) as a sole agent was inferior to

dorsal nerve block, but the combination may decrease

supplementary analgesic use compared with either

technique in isolation (134).

Analgesia Table 5.5.2 Circumcision

Agent Technique

Direct

evidence

LA Topicala 1+

LA Subcutaneous ‘ring’ blocka 1)
LA Pudendal nerve block 1)
LA Dorsal n. block 1+

LA Caudal epidural 1+

Opioidb 1+

NSAIDSb 1+

Paracetamolb 1+

alower efficacy than caudal epidural or dorsal nerve block.
bAs part of a multi-modal technique.

5.5.3 Neonatal Circumcision

Neonatal circumcision is considered separately from

circumcision in older children because of differences in

clinical practice and evidence base. Premature neonates

can experience pain and therefore require good

1Note on caudal additives: not all additives have undergone rigorous

safety testing, and concerns regarding potential toxic effects have been

expressed. See Section 6.3.
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perioperative analgesia for surgical interventions.

Many circumcisions are done in the awake neonate in

the first few hours or days of life; this is reflected in

the literature as studies have generally evaluated pain

during the procedure. However, for neonatal circumci-

sion, no single technique has been shown to reliably

alleviate pain in the awake patient, which therefore

presents a clinical challenge. Circumcision in infants

and older children is invariably performed under gen-

eral anesthesia (see section 5.5.1), the debate regarding

the necessity for general anesthesia in the neonate

remains unresolved. See sections 5.1 for the general

management of postoperative pain and 5.5.1 for a

further discussion of sub-umbilical surgery.

Good practice point

General anesthesia should be considered for neonatal
circumcision. A multi-modal analgesic approach
should include a local anesthetic technique at the time
of the procedure in combination with sucrose and par-
acetamol.

Recommendations

LA should be used as it is superior to other techniques

for circumcision pain: Grade A (148).

Dorsal nerve block is more effective than subcutaneous

ring block or topical LA: Grade A (148).

When using topical local anesthetic, it must be applied

correctly and sufficient time allowed for it to become

effective: Grade A (148).

Evidence

Postoperative pain after circumcision in the neonate

has not been well investigated, and available studies

have all examined pain during the procedure in awake

neonates. It has been suggested that the procedure be

performed in awake infants only during the first week

of life as pain scores during the procedure have been

shown to increase to unacceptable levels with increas-

ing neonatal age (149). For all techniques studied,

there was a significant failure rate (148,150). The use

of LA was superior to either placebo or simple analge-

sics and sucrose (148). Dorsal nerve block appears to

be superior to subcutaneous ring block or topical local

anesthesia (caudal epidural analgesia has not been

studied, see (107)) and was associated with lower corti-

sol levels in one study, but was operator dependent

and not totally reliable (148,150). Efficacy of topical

local anesthetic agents was very dependent on the tech-

nique of application and time allowed (148,151,152).

No increased incidence of complications was seen in

one technique compared with another (148). The dura-

tion of surgery (and therefore duration of intra-opera-

tive pain) was dependent on the surgical technique

with the ‘Mogen Clamp’ associated with faster proce-

dures (148,150).

Analgesia Table 5.5.3 Neonatal Circumcision

Agent Technique

Direct

evidence

Indirect

evidence

LA Topical 1++

LA Subcutaneous ‘ring’ block 1++

LA Dorsal nerve block 1++

LA Caudal epidural 1+

Paracetamola 1+

Sucroseb 1+

aFor postprocedure pain.
bAs part of multimodal technique.

5.5.4 Hypospadias repair

Hypospadias surgery may be either relatively superfi-

cial and minor, or more major reconstructive surgery

involving the entire penile urethra may be undertaken,

which will influence postoperative analgesia require-

ments. Some procedures are suitable for day-case sur-

gery whilst others require hospital admission overnight

or longer, with the possibility of prolonged urethral

catheterisation and painful postoperative dressing

changes. See sections 5.1 and 5.5.1 for the general

management of postoperative pain and for a further

discussion of sub-umbilical surgery.

Recommendation

LA central neuraxial or dorsal nerve block is effective

reducing the need for postoperative supplementary opioid

administration following hypospadias surgery: Grade A

(153–158).

Evidence

Caudal LA was most commonly investigated for hypo-

spadias repair. Good efficacy for the technique was

demonstrated with a low failure and serious complica-

tion rate; this is in agreement with large case series of

this technique (104–106). Bupivacaine 0.25%,

0.5 mlÆkg)1 was most frequently studied, but there

were few comparisons with other local anesthetics or

between different concentrations or volumes. One

study found that caudal ropivacaine 0.1%, 1.8 mlÆkg)1,
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was more effective with less motor block than ropiva-

caine 0.375%, 0.5 mlÆkg)1 (159).

Caudal neuraxial analgesic additivesa: With LA: the

addition of neostigmine or diamorphine to caudal bup-

ivacaine increased analgesic efficacy (154,157,160) but

also increased the rate of nausea and vomiting in two

of the studies (154,160). Adding tramadol to bupivav-

caine increased the analgesic efficacy in the first 24 h

postoperatively (161). In other studies, the addition of

tramadol, clonidine, or sufentinil did not increase effi-

cacy (153,162,163).

Without LA: ketamine or mixture of ketamine/alfen-

tanil was superior to alfentanil alone, and higher doses

of neostigmine increased efficacy but also increased

nausea and vomiting (164,165). In general, the use of

neuraxial analgesics has not been comprehensively

studied, further research to identify safety profile, risk–

benefit and dose are required (see also section 6.0).

Only one study compared different techniques and

showed that tramadol given by the caudal route

demonstrated better analgesic efficacy and less

postoperative nausea and vomiting than when given by

the intravenous route (166).

Epidural analgesia was shown to provide good

analgesia both intra- and postoperatively irrespective

of the local anesthetic agent used: bupivacaine, levo-

bupivacaine, or ropivacaine, there was an exclusion

rate of 10% in one study (167) and patients having

an abdominal incision were included in another (168).

The addition of fentanyl to ropivacaine demonstrated

increased analgesic efficacy for postoperative epidural

infusions at low (0.125%) concentrations of ropiva-

caine (158).

Dorsal nerve block is effective for distal hypospadias

repair. An investigation of the timing of dorsal nerve

block either pre or postsurgery found that placing the

block prior to surgery improved analgesic efficacy

(169).

Spinal intrathecal neuraxial analgesia using hyper-

baric 0.5% bupivacaine is effective both intra- and

postoperatively. The addition of morphine to the LA

increased the efficacy with no increase in adverse

effects in one study (170).

Paracetamol given alongside caudal block did not

improve analgesia in the first six postoperative hours

compared with a caudal block alone in one study

(171). Overall, there are insufficient data to evaluate

the use of supplementary analgesia in either the early

or late postoperative period. In clinical practice, a

multi-modal analgesic technique for this procedure is

suggested, with regular supplementary analgesia given

in the postoperative period.

Analgesia Table 5.5.4 Hypospadias Repair

Agent Technique

Direct

evidence

Indirect

evidence

LA Dorsal n. block 1+

LA Caudal epidural 1+

LA Lumbar epidural 1+

LA Spinal 1)
LA + neostigminea,b Caudal epidural 1+

LA + opioidb Caudal epidural 1+

LA + opioid Intrathecal 1)
Opioidc 1+

NSAIDc 1+

Paracetamolc 1+

aNote on caudal additives: not all additives have undergone rig-

orous safety testing, and concerns regarding potential toxic

effects have been expressed. See Section 6.3.
bSmall improvements in efficacy must be balanced against

increased PONV.
cAs part of a multi-modal technique.

5.5.5 Orchidopexy

Orchidopexy usually involves surgical exploration of

the inguinal region, dissection, and traction of the

spermatic cord and scrotal incision may also be

required. Orchidopexy is generally performed on a

day-case basis. See sections 5.1 and 5.5.1 for the gen-

eral management of postoperative pain and for a fur-

ther discussion of sub-umbilical surgery.

Recommendation

Caudal block is effective in the early postoperative per-

iod for orchidopexy with low rates of complications and

side effects: Grade A (172–174).

Evidence

There are few studies investigating analgesia for orchi-

dopexy alone. Postoperative analgesic requirements

may be greater than that required for inguinal hernia

repair (97).

LA caudal block using 1 mlÆkg)1 of 0.125–0.25%

bupivacaine or 1–1.5 mlÆkg)1 of ropivacaine 0.15–

0.225% has shown good efficacy and low complication

rates (172–175). This is in agreement with large case

series of this technique (104–106). It was associated

with greater efficacy, less supplementary analgesic use

and lower levels of stress hormones when compared

with ilioinguinal nerve block plus local infiltration

(172,173). There was also no difference in time to mic-

turition, motor block or nausea and vomiting between

the two techniques (172). A higher volume of local

anesthetic (1 mlÆkg)1) was associated with less response
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to cord traction, but not with improved postoperative

analgesia (174).

Neuraxial analgesic additives: the addition of keta-

mine 0.25–1 mgÆkg)1 as an adjunct to bupivacaine

increased analgesic efficacy but was associated with

‘short-lived psychomotor effects’ at higher doses (176).

The addition of IV dexamethasone with ropivav-

caine caudal block was associated with increased anal-

gesic efficacy (177).

Transverse abdominal plane (TAP) block using plain

LA, as part of a multi-modal analgesic technique, has

demonstrated perioperative analgesic efficacy with no

complications in a small case series (178).

Analgesia Table 5.5.5 Orchidopexy

Agent Technique

Direct

evidence

Indirect

evidence

LA Wound infiltrationa 1+

LA Ilioinguinal blocka 1+

LA Caudal epidural 1+

LA TAP block 3

Opioidb 1+

NSAIDb 1+

Paracetamolb 1+

aLess effective than caudal block.
bAs part of a multi-modal technique.

5.5.6 Inguinal hernia repair (open)

Surgical repair of inguinal hernia is generally per-

formed on a day-case basis. The following refers to the

conventional ‘open’ technique, rather than laparo-

scopic repair that is becoming more popular. See sec-

tions 5.1 and 5.5.1 for the general management of

postoperative pain and for a further discussion of sub-

umbilical surgery.

Good practice point

The use of an ultrasound-guided technique for the
placement of an ilio-inguinal nerve block may decrease
the failure rate and improve analgesic efficacy.

Recommendations

LA wound infiltration, ilio-inguinal nerve block, paraver-

tebral block, or caudal analgesia are effective in the

early postoperative period: Grade A (179–184).

Evidence

Caudal block was the most commonly studied technique

with good efficacy and a low failure complication rate in

all studies. This is in agreement with large case series of

this technique (104–106). Bupivacaine 0.25% was the

most studied and compared LA, ropivacaine 0.25% was

found to be equivalent in one study (185). Another

study comparing different concentrations of bupiva-

caine with and without adjunctive opioid showed lower

efficacy for 0.125% bupivacaine (186). In a study of

bupivacaine 0.175% (+adrenaline 1 : 10 000), there

was no difference in efficacy or side effects at volumes of

between 0.7 and 1.3 mlÆkg)1 (187).

Neuraxial analgesic additives: With LA; midazolam,

ketamine, clonidine, fentanyl, neostigmine, adrenaline,

morphine and tramadol have all been studied as

adjuncts to local anesthesia for caudal block. They all

show good efficacy, but evidence of overall benefit is

equivocal as in most studies few patients required fur-

ther analgesia following caudal block with plain LA

(166,175,181,188–195). In studies where no comparison

was made with plain LA: increasing the dose of keta-

mine also increased efficacy, but neuro-behavioral side

effects were seen at higher doses (196). Increasing clo-

nidine dose from 1 to 2 lgÆkg)1 had limited or no

effects on efficacy, time to 1st analgesia was prolonged

in one study, but not in another (188,197).

Without LA: S (+) ketamine without local anes-

thetic was equivalent to bupivacaine + adrenaline

mixture, and S (+) ketamine + clonidine mixture

showed increased efficacy over ketamine alone

(198,199). Another study comparing caudal with

intramuscular S-ketamine showed increased efficacy in

the caudal group (200). Tramadol without local anes-

thetic showed reduced efficacy compared with plain

bupivacaine or a bupivacaine + tramadol mixture

(191).

Placement of caudal block prior to surgery was also

shown to have better efficacy in the postoperative per-

iod than placement at the end of surgery in one study

(201).

Comparison of paravertebral block with caudal LA

or intraoperative opioid (fentanyl) showed increased

postoperative analgesic efficacy, patient satisfaction,

and earlier hospital discharge with the paravertebral

block (184,202).

Ilioinguinal nerve block shows good efficacy and

safety, although a preferred agent, dose, or volume has

not been demonstrated, although Levobupivacaine

concentrations below 0.25% show decreased efficacy

(182,203–205). High failure rates have been associated
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with using landmark techniques (205,206). Ultrasound-

guided techniques may increase the success rate and

allow placement of the LA closer to the nerves with

lower volumes being required for efficacy thereby

decreasing the potential for systemic toxicity (206–

208). No advantage was seen postoperatively with the

addition of genitofemoral nerve block or by using a

‘double shot technique’ (182,203). In one study, the

success rate of the block using surface landmarks was

quoted as only 72% (203).

Wound infiltration is effective when compared to

caudal block with plain LA or placebo, although in

one study postoperative opioid use was comparatively

high (179,180,209). The timing of wound infiltration,

either pre or postsurgery, did not influence efficacy

(180,209,210). The use of Tramadol without LA for

infiltration was effective in one study (211).

When using a perioperative opioid-based regimen

(without LA block), multi-modal analgesia adding

both paracetamol and a NSAID is more effective than

either opioid alone or opioid plus either paracetamol

or NSAID (212,213).

Analgesia Table 5.5.6 Inguinal Hernia Repair (Open)

Agent Technique

Direct

evidence

Indirect

evidence

LA Wound infiltration 1+

LA Ilioinguinal Block 1+

LA Paravertebral Block 1)
LA Caudal Epidural 1+

Opioid Wound infiltration 1)
Opioida 1) 1+

NSAIDa 1) 1+

Paracetamola 1) 1+

aAs part of a multi-modal technique.

5.5.7 Umbilical hernia repair

Umbilical hernia repair is usually regarded as a rela-

tively minor surgical procedure, but it may be associ-

ated with significant postoperative pain. It is often

undertaken on an out-patient or day-case basis. See

sections 5.1 for the general management of postopera-

tive pain.

Good practice point

A multi-modal analgesic regimen combining local
anesthesia and simple analgesics perioperatively is
recommended, opioid supplementation may be
required. Paracetamol and/or NSAID should be con-
tinued postoperatively for at least 48 h.

Evidence

Local anesthesia techniques including wound infiltra-

tion, rectus sheath block, and paraumbilical block are

effective with few complications. Ultrasound-guided

rectus sheath block showed increased intraoperative

analgesic efficacy when compared with wound infiltra-

tion (214). Either bupivacaine or levobupivacaine

0.25% were used in the studies, but there has been no

comparison between these agents or concentrations or

volumes (215–218). Ultrasound demonstrates the inter-

individual variability in umbilical anatomy, its use may

increase the rate of correct needle placement, improved

efficacy and reduce the volume of LA required

(216,218).

Analgesia Table 5.5.7 Umbilical Hernia Repair

Agent Technique

Direct

evidence

Indirect

evidence

LA Wound infiltration 2)
LA Paraumbilical block 3

LA Rectus sheath block 2)
Opioida 1+

NSAIDa 1+

Paracetamola 1+

aAs part of a multi-modal technique.

5.6 General surgery and urology (major)

5.6.1 Intra-abdominal surgery

This group includes a heterogeneous mixture of

abdominal procedures on the gastro-intestinal (GI)

and genitourinary (GU) tracts including nephrectomy,

pyeloplasty, ureteric reimplantation, and cystoplasty

for all of which a significant level of postoperative pain

is expected. Intravenous opioid techniques or epidural

analgesia are acceptable for postoperative pain man-

agement; in clinical practice, supplementary analgesia

with NSAID and paracetamol is usually also adminis-

tered.

Appendicectomy and fundoplication are considered

separately in sections 5.6.2, 5.6.3 and laparoscopic

techniques in section 5.7. See also section 5.1 for gen-

eral management of postoperative pain.

Good practice point

Multimodal analgesia using parenteral opioids, central
neuraxial analgesia together with systemic NSAIDs

44 ª 2012 Blackwell Publishing Ltd, Pediatric Anesthesia, 22 (Suppl. 1), 1–79



and paracetamol should be used unless specifically
contraindicated.

Recommendations

Intravenous opioids either as continuous infusion, NCA

or PCA are effective following major abdominal surgery:

Grade A (219–223).

Epidural analgesia with LA should be considered for

major abdominal surgery. The addition of neuraxial clo-

nidine or opioid may further improve analgesia, but side

effects may also be increased: Grade B (168,224–229).

Evidence

There is a considerable descriptive literature (predating

the time limits of this guideline 1996–2011) describing

the use of opioid infusions, PCA, NCA, and LA epidu-

ral infusion with or without opioid for major surgery

such that these techniques have become part of everyday

practice. For suitable regimens, see section 6. Paraverte-

bral LA block has also been described and is a feasible

alternative. There are very few well-designed clinical tri-

als comparing these analgesic techniques. A variety of

surgical procedures are included in most studies, the

exact surgical incision employed is frequently not stated.

Intravenous opioids as a continuous infusion, PCA

or NCA are effective following abdominal surgery: the

analgesic response is a function of dose and develop-

mental age (219–223). See Section 6.1 for information

on doses and regimens.

Continuous epidural analgesia with LA is accept-

able. Bupivacaine, ropivacaine, and levobupivacaine

have been shown to be effective in a variety of infusion

concentrations and dose rates (168,224,226,230,231).

Epidural LA + opioid also provides good analgesia.

Morphine, fentanyl, hydromorphone, and diamorphine

have been the most frequently described; the side effect

profile depends on the dose and particular opioid that

is used (168,226,228,232).

Single-shot caudal epidural LA + clonidine has been

compared to LA alone, LA + opioid, LA + dexmede-

tomidine and clonidine alone. Clonidine causes dose-

dependant sedation and hypotension. Clonidine or clo-

nidine + LA were equally effective as part of a multi-

modal strategy in combination with ketoprofen (233).

Clonidine (1)2 lgÆkg)1) + LA has fewer side effects

compared to opioid + LA, efficacy may also be lower

(228,234). Caudal epidural clonidine 2 lgÆkg)1 or dex-

medetomidine 2 lgÆkg)1 with LA prolonged the dura-

tion of LA without increasing side effects (235).

Epidural opioid (without LA):

Single doses of epidural opioid can improve postop-

erative analgesia and reduce requirements for ongoing

analgesia (236,237). Intermittent epidural morphine

was superior to intramuscular morphine in one study

(238), but is less effective than LA containing (bupiva-

caine + fentanyl) infusion (224).

Peripheral nerve blocks (PNB): There is an

increasing interest in the use of single-shot and con-

tinuous peripheral nerve blocks. Paravertebral block

is feasible for abdominal surgery and has been

shown to decrease opioid requirements following

appendicectomy, see Section 5.6.2 (239,240). Trans-

versus abdominis plane (TAP) block is feasible for

abdominal surgery in neonates and children and

appears to provide satisfactory analgesia in some cir-

cumstances (241–243). A systematic review in adults

and children that included TAP and rectus sheath

block did not draw conclusions regarding the efficacy

of these techniques because of the small number of

studies available (244). See also Sections 5.5.1, 5.6.2

and 5.7.

Analgesia Table 5.6.1 Abdominal surgery

Agent Technique

Direct

evidence

Indirect

evidence

LA Epidural 1+

LA Paravertebral block 1+

TAP block 2)
LA + opioid Epidural 1+

LA + clonidine Epidural 1+

Opioid Epidural 1+

Clonidine Epidural 1)
Opioid Intravenous 1+

NSAIDa 1)
Paracetamola 1+

aAs part of a multimodal technique.

5.6.2 Appendicectomy (open)

Appendicectomy is the most common indication for

laparotomy in children. Under normal circumstances,

this procedure is performed through an incision in the

right lower quadrant. In the majority of cases, appen-

dicectomy will be performed as an emergency or

unplanned procedure. See also sections 5.6 and 5.6.1

for information on the general management of postop-

erative pain, and a further discussion of analgesia fol-

lowing abdominal surgery.
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Good practice point

Wound infiltration with LA following appendicectomy
is a simple procedure that may be of benefit in the
early postoperative period as part of a multimodal
analgesic technique.

Recommendation

PCA combined with NSAID is effective for postappen-

dicectomy pain: grade B (245).

Evidence

Intravenous opioids as a continuous infusion, PCA or

NCA, together with a multimodal analgesic strategy

including LA wound infiltration, NSAID and paracet-

amol is currently suggested practice following appendi-

cectomy (245–250).

Morphine PCA has been previously shown to be

effective, supplementation with NSAID improves

analgesia, particularly for pain on movement (245).

The addition of ketamine to morphine did not

improve analgesia in one study and neurobehavioral

side effects were increased (248). Antiemetic additives

to the opioid such as droperidol or ondansetron

offered no advantage but may increase side effects

(247,251).

Wound infiltration with LA has previously been

found to be of benefit (252), but results from more

recent studies are inconclusive. Neither pre nor postinci-

sion bupivacaine 0.25–0.5% reduced postoperative mor-

phine requirement in the first 24 h when compared with

placebo or no infiltration (250,253). Bupivacaine 0.25%

0.5 mlÆkg)1 may not confer additional benefit in chil-

dren receiving effective multi-modal analgesia with opi-

oid, NSAID, and paracetamol (254). However,

preincision bupivacaine followed by infiltration of the

muscle layer on closure reduced pain scores for up to

48 h in another study that included children and adults

(255).

Paravertebral block reduced time to first dose and

total postoperative opioid requirements compared to

placebo (240).

TAP block reduced pain scores and morphine

requirements in first 24 h compared to placebo (243).

Analgesia Table 5.6.2 Appendicectomy

Agent Technique

Direct

evidence

Indirect

evidence

LA* Wound infiltration 1)
Paravertebral 1+

TAP Block 1+

Opioid Intravenous 1+

NSAIDa 1+

Paracetamola 1+

aAs part of a multimodal technique.

5.6.3 Fundoplication (open)

This procedure usually involves an incision of the upper

abdomen utilising either a midline, transverse supra-

umbilical, or left sub-costal approach. Increasingly lapa-

roscopic techniques have been used for fundoplication,

see section 5.7. The patient population is diverse, includ-

ing significant numbers of children with neurodevelop-

mental delay and communication difficulties, which

may influence the choice of analgesic regime. See also

sections 5.1 and 5.6.1 for information on the general

management of postoperative pain, and a further dis-

cussion of analgesia following abdominal surgery.

Good practice point

Multimodal analgesia using parenteral opioids or epi-
dural analgesia together with systemic NSAIDs and
paracetamol should be used unless specifically contra-
indicated.

Recommendation

Epidural LA + opioid is effective and may be associ-

ated with improved clinical outcome in selected patients

following fundoplication: grade D (256–258).

Evidence

Some of the studies quoted have included other major

procedures as well as fundoplication. There are no

prospective studies comparing analgesic techniques fol-

lowing open fundoplication.

Epidural analgesia has been favored following

fundoplication as this group of patients is at high risk

of respiratory complications and includes significant

numbers with neurodevelopmental delay (258–260).

Epidural LA: Ropivacaine without opioid provided

satisfactory analgesia for neonates and infants after

major thoracic and abdominal surgery including four

patients following fundoplication (231).
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Epidural LA + opioid: buivacaine + fentanyl

appears to be effective; higher pain scores were noted

in patients who had had fundoplication in one of the

studies but overall the regimen was considered to be

‘satisfactory’ (257,260).

Epidural clonidine or LA + clonidine: both were

found to be effective for a mixed surgical group as

part of a multimodal strategy including ketoprofen,

although after fundoplication (n = 9) there was an

increased need for supplementary opioid on the first

postoperative night (233).

Intravenous opioid by continuous infusion PCA or

NCA appears to be effective, but may be inferior for

nonpain outcomes: see ‘epidural analgesia vs paren-

teral opioid’ below (256,261,262).

Epidural analgesia vs parenteral opioid.

Two retrospective observational studies have found

that duration of hospital stay is prolonged in patients

selected for opioid analgesia even when spinal defor-

mity patients (scoliosis) were excluded in one study

(256,258).

Analgesia Table 5.6.3 Fundoplication (open)

Agent Technique

Direct

evidence

Indirect

evidence

LA Epidural 3

LA + opioid Epidural 3

LA + clonidinea Epidural 3

Clonidinea Epidural 3

Opioida Intravenous 1+

NSAIDa 1+

Paracetamola 1+

aAs part of a multimodal technique.

5.6.4 Major urology

This category has been included because studies have

used a combination of different urological procedures

as the operative model, for example pyeloplasty,

nephrectomy, heminephrectomy, hypospadias, bladder

augmentation/reconstruction, ureteric reimplantation.

Postoperative pain is unlikely to be equivalent follow-

ing each of these different procedures, but they are not

uniformly distributed between studies, and the num-

bers of individual procedures in each study are often

low, thereby making it impractical to look at each pro-

cedure in isolation. See section 5.1 for the general

management of postoperative pain.

Good practice point

Multimodal analgesia using parenteral opioids or
regional analgesia together with systemic NSAIDs
and paracetamol should be used unless specifically
contraindicated.

Evidence

LA techniques are commonly used perioperatively for

major urological surgery. Comparison with parenteral

opioid techniques is limited, and little good evidence

exists with regard to the optimum analgesic regimen.

Epidural LA± opioid: For a variety of urological

procedures, perioperative ropivacaine infusions, with

or without opioid, have shown good analgesic efficacy

with low pain scores and complication rates (263,264).

Comparisons of fentanyl or sufentanil added to ropi-

vacaine, and fentanyl or butorphanol added to bupiva-

caine showed no difference in efficacy or pain scores

between these regimens (229,263).

Epidural LA vs Parenteral Opioid: Comparison of

postoperative epidural ropivacaine infusions with regu-

lar bolus tramadol or oxycodone plus paracetamol and

NSAID showed no difference in pain scores up to 48 h

but increased rescue analgesia between 48 and 72 h

(264).

Caudal neuraxial analgesic additives: In children

undergoing ureteric reimplantation, caudal analgesia

with LA + clonidine or opioid was effective. There

was no difference in efficacy or pain scores from add-

ing clonidine, morphine, or hydromorphone to caudal

ropivacaine 0.2% + epinephrine, patients receiving

clonidine experienced fewer side effects (234).

Paravertebral Block: Use of a ‘single-shot’ intraoper-

ative paravertebral block with levobupivacaine and

regular paracetamol postoperatively was associated

with low pain scores and low opioid use in the early

postoperative period in patients undergoing major

renal surgery (239).

Wound Infiltration: A multimodal analgesic tech-

nique using LA infiltration alongside opioids, NSAID,

and paracetamol was associated with low pain scores

in children undergoing pyeloplasty and ureteric reim-

plantation (265,266).
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Analgesia Table 5.6.4 Urological Surgery

Agent Technique

Direct

evidence

Indirect

evidence

LA Epidural 1)
LA + opioid Epidural 1)
LA Caudal epidural 1)
LA Paravertebral block 2)
LAa Wound infiltration 3

Opioida Intravenous 3 1+

NSAIDa 3 1+

Paracetamola 3 1+

aAs part of a multimodal technique.

5.7 Laparoscopic surgery

There has been a dramatic increase in the amount of

pediatric laparoscopic surgery in the last decade. This

is performed mainly through the body cavities (chest

and abdomen) or potential spaces. Inguinal hernia

repair, appendicectomy, fundoplication, urological and

adrenal surgery are examples. For general management

of postoperative pain, see section 5.1.

Good practice points

Infiltration of port sites with LA as part of a multi-
modal analgesic strategy may reduce postoperative
pain following laparoscopy.

Although overall postoperative analgesic requirements
appear to be reduced following laparoscopy, pain may
be equivalent to the equivalent open procedure in
some circumstances, particularly during the first 24 h.

Evidence

Advantages of laparoscopic surgery may include faster

recovery and overall reduction in pain and use of opi-

oid analgesia in comparison with the open surgical

counterpart (246,267–272). Although the overall dura-

tion of postoperative pain appears to be reduced, anal-

gesic requirements may be at least as great on the first

postoperative day as the equivalent open procedure

(261,267,273–275). The use of robotic laparoscopic

techniques may also decrease postoperative opioid

requirements after ureteric reimplantation surgery

(276). The anatomical approach to laparoscopic sur-

gery has not been shown to effect analgesic require-

ments (277,278).

Multimodal analgesia including LA infiltration, opi-

oid, NSAID, and paracetamol is suitable, and the use

of carefully designed protocols may improve efficacy

(279). Demand-led opioid regimens such as PCA or

NCA are feasible and effective for some procedures

and require further evaluation (246,262).

LA infiltration of port sites when combined with

NSAID provided equivalent analgesia to caudal block

for minor diagnostic and therapeutic laparoscopic pro-

cedures and to TAP block following appendicectomy

(280,281). Use of aerosolised bupivacaine after port

insertion, as part of a multimodal analgesic regimen,

demonstrated some opioid sparing effect (282).

Perioperative regional LA techniques have also been

shown to be effective and again require further evalua-

tion (271,279). Little good evidence exists with regard

to the optimum analgesic regimen.

Analgesia Table 5.7 Laparoscopic surgery

Agent Technique

Direct

evidence

Indirect

evidence

LA* Infiltration 1)
LA* Aerosolised 3

LA Caudal 1)
Opioid Parenteral/oral 3

NSAIDa 1)
Paracetamola 3

aAs part of a multimodal technique.

5.8 Orthopedics, spinal and plastic surgery

5.8.1 Lower limb surgery

The surgery covered in this section ranges from rela-

tively minor single site orthopedic surgery to more

major procedures such as multiple level osteotomies.

The population of patients requiring femoral and

pelvic osteotomies includes those suffering from cere-

bral palsy; pain in this population can also precipitate

painful muscle spasm requiring specific management

with benzodiazepines.

Multimodal analgesia is suitable: there is particularly

extensive experience of the use of local anesthetic tech-

niques for this type of surgery. Concerns have been

expressed that NSAIDs may inhibit new bone growth

following orthopedic surgery; this is addressed below.

Good practice point

There is no evidence from studies in children that

NSAIDs have a deleterious effect on bone fusion. The

analgesic benefit of short-term NSAID use has been

demonstrated and may frequently outweigh any hypo-

thetical risk.
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Recommendations

Peripheral nerve blocks provide superior analgesia and

are associated with fewer adverse effects compared with

intravenous opioids: Grade B (283,284).

Epidural opioids are effective, reduce the dose require-

ments of local anesthetic, and rescue IV opioids but

increase the incidence of side effects: Grade B

(259,285,286).

Continuous peripheral nerve blocks are feasible, effec-

tive, and safe and are associated with lower pain scores:

Grade B (287–295).

Epidural techniques are associated with lower pain

scores than intravenous opioid analgesia: Grade C

(237,257,296,297).

Systemic paracetamol and NSAID reduce intravenous

opioid requirements: Grade C (298,299).

Evidence

Studies have shown epidural analgesia using opioids,

local anesthesia or a mixture of the two are effective

but differences in efficacy and side effects between reg-

imens are observed. Epidural opioids improve analge-

sia but side effects are more frequent. The side effect

profile may be related to the individual properties of

specific opioids: morphine, fentanyl, and hydromor-

phone were of comparable analgesic efficacy in one

study; respiratory depression, somnolence, and reten-

tion of urine were higher in the morphine group;

PONV and urinary retention had the lowest incidence

with hydromorphone (285). Single-dose epidural mor-

phine was equianalgesic with increasing dose (11.2, 15,

and 20 lgÆkg)1), but the incidence of PONV increased

with dose (300). In a study comparing bupiva-

caine + fentanyl with bupivacaine (both with adrena-

line), the fentanyl group had superior analgesia and

did not require rescue opioid but had a higher inci-

dence of PONV, whereas the bupivacaine group

required more bupivacaine and 10/26 (38%) required

rescue opiates and antiemetic therapy, itching only

occurred in the fentanyl group (286).

Epidural vs peripheral nerve block

A comparison of continuous epidural block with continu-

ous popliteal nerve block for major foot surgery showed

no difference in pain or rescue analgesia, but adverse

effects and patient satisfaction were improved with

peripheral nerve block (290). In congenital club foot sur-

gery, a comparison of single-shot caudal anesthesia with

single-shot peripheral nerve blocks (combined sciatic fem-

oral, combined sciatic saphenous, and saphenous com-

bined with local infiltration) showed no difference in the

duration of analgesia and no difference in morphine con-

sumption within the first 24 h, there was no difference in

the incidence of nausea and vomiting between any of the

groups (301). Single-shot Psoas Compartment Block

showed moderate reduction in postoperative opioid

requirements compared to caudal epidural following

open hip reduction or osteotomy (302).

Epidural compared with Intravenous techniques

In a comparison between patient-controlled epidural

analgesia (PCEA) with lidocaine, and nurse-controlled

IV fentanyl, pain scores (unvalidated method), and

PONV were lower in the epidural group (297). A single

dose of epidural morphine 30 lgÆkg)1 reduced postopera-

tive PCA morphine use, and VAS scores were also lower

in the epidural morphine group, and there was no differ-

ence in the incidence of severe pruritus or PONV (237).

Peripheral nerve block vs intravenous techniques

Comparisons between peripheral nerve blocks and

intravenous morphine in pelvic osteotomy (283) and

patella realignment surgery (284) demonstrate reduced

pain scores, reduced morphine consumption and a

reduction in the incidence of sedation with the use of

peripheral nerve blocks.

A number of successful series of peripheral nerve

blocks have been described, including popliteal nerve

block (288,290,292–294,303), fascia iliaca compartment

block (288,303,304), sciatic nerve block(289,291,295,305),

psoas compartment block (287,293), and femoral nerve

block (284,304).

Continuous LA infusion vs PCRA/PCEA

PCRA (Ropivacaine 0.2%) showed similar efficacy to

a continuous regional technique, with a lower total

dose of LA for popliteal and fascia iliaca blocks (303).

In a comparison of PCEA vs CEA, again efficacy was

similar and a lower dose of LA used (306).

Systemic analgesia with NSAID and paracetamol

can be combined with intravenous opioid or regional

analgesia. In one study, a combination of paracetamol

and ketoprofen significantly decreased pain scores and

IV morphine requirements compared to either drug

alone (299). In a case series of patients undergoing

club foot surgery and long bone osteotomy, ketorolac

reduced IV morphine usage and associated GI effects
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(298). Ketorolac did not influence bony union in a case

series of lower limb osteotomies (307).

Adjuvant analgesics

The use of intravenous magnesium (50 mgÆkg)1 bolus

followed by an infusion of 15 mgÆkg)1Æh)1) reduced

postoperative pain scores and analgesic consumption

in children with cerebral palsy undergoing femoral os-

teotomy.

Analgesia Table 5.8.1 Lower Limb surgery

Agent Technique

Direct

evidence

Indirect

evidence

LA Peripheral nerve block 1+

Caudal Epidural 1) 1)
Lumbar Epidural 1+

Opioid IV infusion 1+

NSAIDa 1+

Paracetamola 1+

Clonidine Peripheral nerve block 3

aAs part of a multi-modal technique.

5.8.2 Upper limb surgery

Surgery on the upper limb is most commonly performed

for plastic and orthopedic procedures of hand and fore-

arm, often following trauma. Local anesthesia of the

brachial plexus prior to surgery is frequently used.

There is some controversy regarding the most safe and

reliable approach to the brachial plexus. See section 5.1

for the general management of postoperative pain.

Recommendations

Brachial plexus blocks provide satisfactory analgesia for

hand and forearm surgery extending into the postopera-

tive period: Grade B (308–313).

The axillary, infraclavicular, supraclavicular, and inter-

scalene approach are feasible and effective: Grade B

(291,294,308,310–315).

Evidence

Analgesia following upper limb surgery has not been

well studied, and few investigations of postoperative

pain management have been undertaken. Brachial

plexus block appears to be effective, but differences

between techniques have not been investigated. The

axillary approach to the brachial plexus is theoretically

less likely to lead to accidental pneumothorax. There

are no comparisons between brachial plexus block and

other alternatives such as intravenous opioid.

Axillary brachial plexus block was the most studied

approach; postoperatively patients were generally man-

aged with oral analgesia. There was no difference in

postoperative efficacy (time to 1st analgesia, analgesic

consumption, pain score) between 0.2% ropivacaine

and 0.25% bupivacaine when used for axillary brachial

plexus block (312). There was no benefit to using a

fractionated dose of LA compared to a single injection

for axillary brachial plexus block, nor in placing the

block prior to or after surgery (309,316).

Other studies have examined the feasibility of the

different approaches to brachial plexus block. The in-

fraclavicular (311,313,315), the supraclavicular

approach (310), and the interscalene approach (291)

are effective, and there were no incidences of pneumo-

thorax in these studies (412 patients).

A comparison between peripheral nerve block at the

wrist and intravenous alfentanil demonstrated superior

analgesia and a reduction in adverse events in the

block group (317).

Analgesia Table 5.8.2 Upper Limb surgery

Agent Technique

Direct

evidence

Indirect

evidence

LA Brachial plexus block 1+

Opioid Intravenous 1+

Oral 1+

NSAIDa 1+

Paracetamola 1+

Clonidine Brachial plexus block 3

aAs part of a multi-modal technique.

5.8.3 Spinal surgery

Surgery to correct spinal deformity requires extensive

exposure of the spine which may be achieved posteri-

orly, anteriorly via thoracotomy or thoraco-abdomi-

nal approach, or by a combined anterior–posterior

approach. Postoperative pain can be severe and pro-

longed, necessitating the use of potent intravenous or

neuraxial analgesic techniques for 3–5 days postopera-

tively. The use of intravenous opioid analgesia has

not been well studied; however, the success of neurax-

ial techniques in controlling postoperative pain in

children has led to an interest in their use for spinal

surgery.

The patient population requiring spinal surgery

includes healthy adolescents and patients with severe

underlying medical conditions such as Duchenne’s

muscular dystrophy and cerebral palsy. The choice of

analgesic technique will be influenced by both patient
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and surgical factors in addition to local circumstances,

for example, neuraxial techniques are not suitable for

some patients. The involvement of the surgeon in the

choice of analgesic technique is especially important in

spinal surgery as it must also enable early and frequent

assessment of neurological function, and epidural LA

is not usually administered following surgery until nor-

mal neurological function has been demonstrated. See

section 5.1 for the general management of postopera-

tive pain.

Good practice point

There is no evidence from studies in children that
NSAIDs have a deleterious effect on bone fusion. The
analgesic benefit of short-term NSAID use has been
demonstrated and may frequently outweigh any hypo-
thetical risk.

Recommendations

Epidural techniques produce a modest improvement in

pain control, compared with intravenous opioids in

patients undergoing corrective surgery for adolescent idi-

opathic scoliosis: Grade B (318–322).

Intrathecal opioids decrease intra-operative blood loss

and IV opioid consumption postoperatively. The duration

of action is 18–24 h: Grade C (318,323–326).

Dual catheter epidural techniques should be considered,

as this permits coverage of multiple spinal levels: Grade

C (319,327–329).

The use of LA + lipophilic opioid in the epidural space

with a single epidural catheter does not show an analge-

sic benefit over intravenous opioid techniques: Grade C

(330,331).

The use of LA + hydrophilic opioids in the epidural

space has a favorable analgesic profile compared with

IV opioid, but at the expense of increase adverse effects:

Grade D (332,333).

Evidence

The majority of studies have been conducted in adoles-

cents, and some studies have also included young adults

up to the age of 22 years. Neuraxial techniques have

been the most investigated. Intrathecal (IT) opioids: sin-

gle doses of IT opioids can reduce intraoperative blood

loss and postoperative analgesic requirements. IT mor-

phine plus sufentanil decreased intra-operative blood

loss compared with IV sufentanil (323). IT morphine

5 lgÆkg)1 also decreased intra-operative blood loss

compared with 2 lgÆkg)1 IT or saline controls (324).

The time to first analgesic use, 6–24 h postoperatively,

was significantly increased in proportion to dose of IT

morphine in these studies (323,324,334). Pain scores

were also lower with intrathecal morphine (318,324).

However, the use of a high-dose intrathecal opioid

regime (15 lgÆkg)1 morphine + 1 lgÆkg)1 sufentanil)

did not improve analgesic efficacy or enhance the reduc-

tion in blood loss compared with a low-dose regimen

(5 lgÆkg)1 morphine + 1 lgÆkg)1 sufentanil) (325).

Several studies have found no increase in respiratory

depression with IT opioids up to a maximum dose of

20 lgÆkg)1 of morphine compared with intravenous

techniques (323,324), and no difference in level of

sedation, nausea and vomiting or pruritus (324). How-

ever, intrathecal morphine in excess of 20 lgÆkg)1 was

associated with respiratory depression (326). IT opiates

did not affect the ability to monitor spinal sensory

evoked potentials (SSEPs) (335).

A meta-analysis of epidural analgesia in adolescent

scoliosis surgery demonstrated a statistical, but clinically

modest improvement in pain scores in patients receiving

epidural analgesia compared with intravenous opioids

on all first three postoperative days. One hundred and

twenty patients from four studies were included in the

analysis which also concluded that patient satisfaction

was higher in the epidural group. The papers included in

the meta-analysis differ in the regimens used: two papers

report the use of a single catheter midthoracic epidural

infusion of bupivacaine and fentanyl and show no dif-

ference in pain sores compared PCA morphine

(330,331). The remaining two papers report the use of a

dual catheter technique infusing ropivacaine without

opiod in patients following posterior (329) and anterior

(319) spinal surgery. Significantly lower pain scores were

recorded compared with continuous IV morphine infu-

sion. A prospective comparison between PCEA with bi-

pvacaine 0.1% and hydromorphone 10 lg/ml)1 and

PCA hydromorphone demonstrated a reduction in pain

scores in the epidural group. There have also been sev-

eral retrospective series demonstrating reduced pain

scores with epidural analgesia compared with IV opioid:

A single epidural catheter infusing bupivacaine with

hydromorphone compared with a group receiving PCA

morphine (613 patients); the epidural group had a

higher incidence of side effects (333). Dual epidural

catheters infusing 0.1% bupivacaine with fentanyl

2 lgÆml)1 compared with an opioid PCA, no difference

in adverse effects (322). Single epidural infusing bupiva-

caine 0.1% and hydromorphone compared with PCA

morphine compared with intrathecal and PCA mor-

phine: intrathecal morphine controlled pain equally as
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well as the epidural technique for the first 24 h, but epi-

dural was superior at 36 and 48 h (138 patients) (318).

Case series have demonstrated effective analgesia with

the following regimes: bupivacaine 0.0625–0.1% with

fentanyl, hydromorphone or morphine, 0.1% ropiva-

caine with hydromorphone, bupivacaine 0.0625–0.125%

with morphine, bupivacaine 0.0625% with fentanyl and

clonidine (332,336–339). Several authors commented

that placement of the epidural catheter by direct visuali-

sation during surgery was important.

Both 0.0625% bupivacaine with fentanyl and with

clonidine and ropivacaine with hydromorphone have

also been reported as successful using a dual catheter

technique (327,328). Epidural analgesia may be associ-

ated with a more rapid return in GI function

(318,330). The use of an epidural technique did not

compromise neurological assessment (336). There was

one report of a wound infection occurring in a patient

receiving epidural analgesia (330) but no reports of

epidural hematoma or abscess.

NSAIDS: There have been two retrospective reviews

looking at the use of NSAIDS following spinal surgery.

There was no difference in the incidence of nonunion in

patients who had received ketorolac (221 patients) com-

pared to controls (306 patients) (333,340).

Adjuvant analgesics: The use of gabapentin

(15 mgÆkg)1 preoperatively followed by 5 mgÆkg)1 tds

for 5 days) reduced opioid consumption on postopera-

tive days 1 and 2 and reduced pain scores on day 1

compared with placebo, no difference was seen beyond

day 2 and no difference was seen in side effects (341).

No difference was seen in pain scores or morphine

consumption when low-dose ketamine was adminis-

tered intra-operatively (0.5 mgÆkg)1 loading dose fol-

lowed by an infusion of 4 lgÆkg)1Æmin)1) compared

with placebo (342). A retrospective review of the addi-

tion of dexmedetomidine (0.4 lgÆkg)1Æh)1) to PCA

morphine was unable to demonstrate a significant

difference in pain scores or morphine consumption

compared with PCA morphine alone (343).

Analgesia Table 5.8.3 Spinal surgery

Agent Technique

Direct

evidence

Indirect

evidence

LA Thoracic Epidural 1+

LA Lumbo-thoracic 2 Catheter 1+

Opioid Intrathecal 1+

Opioid IV infusion 1+

Clonidine Epidural 3

NSAIDa 1+

Paracetamola 1+

Gabapentin 1+

aAs part of a multi-modal technique.

5.8.4 Cleft lip and palate and related procedures

This section includes a range of procedures such as

repair of Cleft Lip and Palate, Otoplasty, and Alveolar

bone grafting. See section 5.1 for the general manage-

ment of postoperative pain.

Recommendation

Infraorbital nerve block provides effective analgesia

for cleft lip repair in the early postoperative period:

Grade A (344–348).

Evidence

The evidence base supporting the efficacy of analgesic

strategies is weak for this group of procedures and

postoperative analgesic requirements are not clear.

Many patients appear to be successfully managed with

intraoperative local anesthesia followed by NSAIDs,

paracetamol, and low doses of opioid postoperatively.

Cleft Lip Repair: infra-orbital nerve block for cleft lip

surgery is feasible, and studies have demonstrated lower

pain scores in patients who received infra-orbital nerve

block compared with IV fentanyl (347,348) peri-inci-

sional infiltration of local anesthetic (344,345) and rectal

Paracetamol (346). Blocks were performed with 0.25%

bupivacaine in all these studies. The addition of opioids

pethidine or fentanyl significantly prolonged the dura-

tion of the block in two studies (349,350). Clonidine

added to bupivacaine resulted in a moderate improve-

ment in postoperative analgesia in another (351).

Cleft Palate Surgery: Local infiltration (352), pala-

tine nerve block (353), and bilateral suprazygomatic

maxillary nerve block (354) have been associated with

low pain scores following cleft palate repair. The effect

of NSAIDs on peri-operative bleeding was reviewed in

one small case series (20 patients), and there was no

effect associated with diclofenac 1 mgÆkg)1 b.d. (355).

Alveolar Bone Graft: Morphine PCA requirements

are low (<0.4 mgÆkg)1), and there was no improve-

ment in analgesic efficacy with the addition of IV ket-

orolac 0.5 mgÆkg)1 qid (356). Continuous infusion of

bupivacaine (357,358) and the placement of a bupiva-

caine-soaked absorbable sponge (358) have been used

to reduce pain from the iliac crest donor site.

Otoplasty: regional nerve blockade with bupivacaine

0.5% showed no improvement in analgesia compared

with local infiltration of the operative field with Lido-

caine 1% and adrenaline (359).
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Analgesia Table 5.8.4 Plastic surgery procedures of head and neck

Agent Technique

Direct

evidence

Indirect

evidence

LA Local infiltration 1+

LA Infraorbital nerve blocka 1+

Opioidb 1+

NSAIDb 1+

Paracetamolb 1+

aRepair of cleft lip alone.
bAs part of a multi-modal technique.

5.9 Cardiothoracic surgery

5.9.1 Cardiac surgery (sternotomy)

Classically, cardiac surgery with cardiopulmonary by-

pass (CPB) will involve division of the bony sternum

to obtain access to the heart and great vessels. Antico-

agulation with heparin is maintained throughout CPB,

which has implications for the use of regional tech-

niques. Postoperative patients are nursed in ICU areas,

often with a short period of mechanical ventilation

prior to extubation of the trachea. Postoperative anal-

gesia with intravenous opioids, most frequently mor-

phine or fentanyl, has been standard practice for more

than 20 years in many institutions. See section 5.1 for

the general management of postoperative pain.

Recommendation

Epidural and intrathecal techniques with opioid and/or

LA are effective for sternotomy pain, but only marginal

benefits have been demonstrated, and there are insufficient

data concerning the incidence of serious complications:

Grade B (360–368).

Evidence

Intravenous opioids are the standard to which other

analgesic techniques are to be compared. A comparison

of morphine and tramadol NCA found no difference in

efficacy between the two, although tramadol caused less

sedation in the early postoperative period (369).

There has been an increasing interest in regional

analgesic techniques because of their potential to

reduce stress responses and facilitate earlier tracheal

extubation with possible improvements in clinical out-

come and economic cost reduction. The relatively

small size of studies precludes accurate prediction of

very rare but serious side effects such as epidural

hematoma and consequent neurological damage.

Intrathecal opioid: morphine or fentanyl produce

equivalent analgesia (and side effects) to intravenous

morphine with lower overall analgesic consumption

(364,365).

Intrathecal opioid + LA: improved pain scores

compared with bolus IV fentanyl alone with lower

overall fentanyl consumption but no difference in opi-

oid related side effects (366).

Epidural: case series have demonstrated the feasibil-

ity and efficacy of epidural catheter techniques from

caudal, lumbar or thoracic approaches with few and

modest improvements in outcomes (360–362,368).

There is a single case report of epidural hematoma

requiring surgical decompression in an 18-year-old

with TEB who remained anticoagulated following aor-

tic valve surgery (370).

NSAIDS: ketorolac commenced 6 h postoperatively

did not increase postoperative bleeding, nor affect IV

morphine requirements or reduce time to extubation in

one study (371).

Analgesia Table 5.9.1 Cardiac Surgery (sternotomy)

Agent Technique

Direct

evidence

Indirect

evidence

LA Caudal epidural catheter 3

LA Thoracic epidural (TEB) 1)
LA Intrathecal (SAB) 1)
Opioid IV infusion 1+

Opioid Caudal 2)
Opioid Thoracic epidural (TEB) 2)
Opioid Intrathecal 1+

NSAIDa 1+

Paracetamola 1+

aAs part of a multi-modal technique.

5.9.2 Thoracotomy

Access to the lungs, pleura, and intrathoracic structures

is obtained by an intercostal incision and separation and

retraction of the ribs. Typical procedures include ligation

of patent ductus arteriosus (PDA) resection of aortic

coarctation, lung biopsy, or partial resection, pneumo-

nectomy, repair of tracheoesphageal fistula. Considerable

pain can be expected following classical thoracotomy

incision. Recently, VATS (video assisted thoracoscopic

surgery), a minimally invasive technique, has been used

for some relatively minor thoracic procedures, for exam-

ple lung biopsy or smaller lung resections.
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Good practice point

A multi-modal analgesic approach, including a local
anesthetic technique and/or opioid with NSAID and
paracetamol, is suitable for postthoracotomy pain.

Recommendation

Epidural analgesia is effective for postthoracotomy pain:

Grade D (225,226,231,257,372).

Evidence

Thoracotomy is frequently included in studies of

analgesia for major surgery in combination with

other procedures such as abdominal and spinal sur-

gery, making interpretation of findings difficult.

Either epidural analgesia or intravenous opioids as

part of a multimodal strategy including NSAID and

paracetamol have been used extensively for posttho-

racotomy pain. Paravertebral block has also been

described.

There are few studies comparing regional and sys-

temic techniques directly, or with other more novel

regimens. Although it might be anticipated that pain

following VATS would differ from classical thoracot-

omy, there are no studies exploring this issue.

Epidural analgesia is frequently recommended for

postthoracotomy pain; however, there is no conclusive

evidence that any particular regimen is more effective.

Epidural LA: plain bupivacaine and ropivacaine

solutions have been found to be effective for major

abdominal and thoracic surgery in neonates and

infants (225,231). Analgesia was reported as equivalent

in a case series (272 patients, 29 thoracic) comparing

children who received either plain ropivacaine or bupi-

vacaine + diamorphine as part of a multimodal anal-

gesic strategy (226).

LA + opioid: bupivacaine with fentanyl, morphine,

diamorphine, or other opioids is effective for posttho-

racotomy pain, by continuous infusion or PCEA

(226,257,372,373).

Epidural opioid without LA: single-dose thoracic

epidural morphine was equivalent to intravenous mor-

phine infusion in the first 24 h after thoracotomy

(374). Single-dose caudal morphine with or without

LA was less effective than thoracic epidural Mor-

phine + LA infusion; infusion patients also had better

nonpain outcomes, for example earlier oral intake, less

PONV, and shorter ICU stay (373).

Intrathecal opioid as part of a multimodal technique

has been described in a small case series (375).

Paravertebral block has been described as effective

in a number of small case series of neonates, infants,

and children (376–382). There have been no compari-

sons with other techniques.

Intercostal nerve block: increased the time to further

analgesia when compared with a single dose of pethi-

dine at skin closure (383).

Opioids: intravenous infusion of opioid is frequently

used for severe postoperative pain including posttho-

racotomy (384,385). PCA/NCA has been described in

studies that have included a small number of posttho-

racotomy patients (220,221,223). Data on the efficacy

of opioids for thoracotomy are inadequate to allow

conclusive evaluation, and the role of multimodal anal-

gesia has also not been sufficiently evaluated. In a

comparison of PCA and continuous infusion of mor-

phine without supplementary NSAID and paraceta-

mol, there was no difference between the groups, but

20–40% of patients in each group had pain scores in

the ‘severe’ range on the first postoperative day (220).

Analgesia Table 5.9.2 Thoracotomy

Agent Technique

Direct

evidence

Indirect

evidence

LA Thoracic epidurala 3

LA Paravertebral block 3

LA Intercostal blockb 3

LA + opioid Thoracic epidurala 3

Opioid Thoracic epiduralc 1)
Opioid Intrathecalb 3

Opioid Intravenous 2)
NSAIDb 1+

Paracetamolb 1+

aCaudal, lumbar and thoracic catheter insertion sites.
bAs part of a multi-modal technique.
c1st 24 h.

5.10 Neurosurgery

Neurosurgical procedures in children include drainage

of hydrocephalus and insertion or replacement of an

extra cranial shunt, craniotomy, craniofacial surgery,

and surgery for intracranial aneurism or other vascular

malformation. There has been little investigation of

analgesic requirements or analgesia for this group of

patients, but it is frequently asserted that severe post-

operative pain is not a prominent feature, even follow-

ing major neurosurgical interventions, this has been

disputed (386). Postoperatively, many neurosurgical

patients are admitted to ICU or high dependency areas

for monitoring; opioid analgesia must be used judi-

ciously as excessive sedation may mask signs of acute

changes in intracranial pressure or interfere with the

patient’s ability to co-operate with neurological assess-

ments. As the risk of postoperative bleeding is rela-
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tively high and potentially disastrous following some

procedures, NSAIDs are sometimes withheld during

the first 24 h. See also section 5.1 on the general man-

agement of postoperative pain, and section 5.10.1 for

the management of craniotomy and major neurosur-

gery.

Good practice point

Analgesia following neurosurgery requires good
communication and close co-operation between
members of the peri-operative team. Frequent pain
assessments should be a routine part of postopera-
tive care. A multi-modal analgesic approach is suit-
able, which may include the use of LA infiltration,
paracetamol, NSAID (when not contraindicated),
and parenteral or oral opioid as determined by
assessed analgesic requirements.

5.10.1 Craniotomy and major neurosurgery

Craniotomy is most frequently performed for tumor

surgery, repair of vascular anomalies and surgery for

epilepsy. Posterior fossa craniotomy, a relatively inva-

sive approach, is more frequently indicated in children

than adults yet in common with other pediatric neuro-

surgical procedures postoperative pain and analgesia

requirements have been little studied.

Evidence

The literature informing the management of postopera-

tive pain after neurosurgery is limited. There have been

few studies comparing standard analgesic regimens.

Opioids: the use of parenteral opioids following cra-

niotomy and major neurosurgery has been described

(387–390). PCA with fentanyl plus a continuous

infusion of midazolam has been described (391). NCA

was reportedly used successfully in a small number

of patients <6 years old following neurosurgical

procedures as part of a large case series, but results for

these patients were not reported separately (221,223).

The effective use of codeine has also been described

(388,389), in a pharmacokinetic study comparing IM

and PR codeine following craniotomy high pain scores

were reported for both groups (392).

Analgesia Table 5.10.1 Craniotomy and major neurosurgery

Agent Technique

Direct

evidence

Indirect

evidence

LA Infiltration 1)
Opioid IV infusion 2)
Opioid PCA/NCA 3

Opioid (Codeine) Intramuscular 2)
Opioid Intrathecal 2)
NSAIDa 1+

Paracetamola 1+

aAs part of a multi-modal technique.

References

1 Ragg P, Davidson A. Comparison of the

efficacy of paracetamol versus paracetamol,

codeine and promethazine (Painstop) for

premedication and analgesia for myringoto-

my in children. Anaesth Intensive Care 1997;

25: 29–32.

2 Tay C, Tan S. Diclofenac or paraceta-

mol for analgesia in paediatric myringoto-

my outpatients. Anaesth Intensive Care

2002; 30: 55–59.

3 Watcha M, Ramirez-Ruiz M, White P et al.

Perioperative effects of oral ketorolac and

acetaminophen in children undergoing bilat-

eral myringotomy. Can J Anaesth 1992; 39:

649–654.

4 Bean-Lijewski J, Stinson J. Acetaminophen

or ketorolac for post myringotomy pain in

children? A prospective, double-blinded

comparison. Paediatr Anaesth 1997; 7: 131–

137.

5 Tobias J, Lowe S, Hersey S et al. Analgesia

after bilateral myringotomy and placement

of pressure equalization tubes in children:

acetaminophen versus acetaminophen with

codeine. Anesth Analg 1995; 81: 496–500.

6 Bennie RE, Boehringer LA, Dierdorf SF et

al. Transnasal butorphanol is effective for

postoperative pain relief in children under-

going myringotomy. Anesthesiology 1998;

89: 385–390.

7 Galinkin JL, Fazi LM, Cuy RM et al. Use

of intranasal fentanyl in children undergoing

myringotomy and tube placement during

halothane and sevoflurane anesthesia. Anes-

thesiology 2000; 93: 1378–1383.

8 Pappas A, Fluder E, Creech S et al. Postop-

erative analgesia in children undergoing my-

ringotomy and placement equalization tubes

in ambulatory surgery. Anesth Analg 2003;

96: 1621–1624.

9 Bolton P, Bridge HS, Montgomery CJ et al.

The analgesic efficacy of preoperative high

dose (40 mg · kg()1)) oral acetaminophen

after bilateral myringotomy and tube inser-

tion in children. Paediatr Anaesth 2002; 12:

29–35.

10 Bennie R, Boehringer L, McMahon S et al.

Postoperative analgesia with preoperative

oral ibuprofen or acetaminophen in children

undergoing myringotomy. Paediatr Anaesth

1997; 7: 399–403.

11 Voronov P, Tobin MJ, Billings K et al.

Postoperative pain relief in infants undergo-

ing myringotomy and tube placement: com-

parison of a novel regional anesthetic block

to intranasal fentanyl – a pilot analysis.

Paediatr Anaesth 2008; 18: 1196–1201.

12 Hamunen K, Kontinen V. Systematic

review on analgesics given for pain follow-

ing tonsillectomy in children. Pain 2005;

117: 40–50.

13 Steward DL, Grisel J, Meinzen-Derr J. Ste-

roids for improving recovery following ton-

sillectomy in children. Cochrane Database

Syst Rev 2011; Aug 10; (8): CD003997.

ª 2012 Blackwell Publishing Ltd, Pediatric Anesthesia, 22 (Suppl. 1), 1–79 55



14 Grainger J, Saravanappa N. Local anaes-

thetic for post-tonsillectomy pain: a system-

atic review and meta-analysis. Clin

Otolaryngol 2008; 33: 411–419.

15 Sun J, Wu X, Meng Y et al. Bupivacaine

versus normal saline for relief of post-ade-

notonsillectomy pain in children: a meta-

analysis. Int J Pediatr Otorhinolaryngol

2010; 74: 369–373.

16 Ozer Z, Gorur K, Altunkan A et al. Effi-

cacy of tramadol versus meperidine for pain

relief and safe recovery after adenotonsillec-

tomy. Eur J Anaesthesiol 2003; 20: 920–924.

17 Umuroglu T, Eti Z, Ciftci H et al. Analgesia

for adenotonsillectomy in children: a com-

parison of morphine, ketamine and tram-

adol. Paediatr Anaesth 2004; 14: 568–573.

18 Ozalevli M, Unlugenc H, Tuncer U et al.

Comparison of morphine and tramadol by

patient-controlled analgesia for postopera-

tive analgesia after tonsillectomy in children.

Paediatr Anaesth 2005; 15: 979–984.

19 Akkaya T, Bedirli N, Ceylan T et al. Com-

parison of intravenous and peritonsillar

infiltration of tramadol for postoperative

pain relief in children following adenotonsil-

lectomy. Eur J Anaesthesiol 2009; 26: 333–

337.

20 Ugur MB, Yilmaz M, Altunkaya H et al.

Effects of intramuscular and peritonsillar

injection of tramadol before tonsillectomy: a

double blind, randomized, placebo-con-

trolled clinical trial. Int J Pediatr Otorhino-

laryngol 2008; 72: 241–248.

21 Elhakim M, Khalafallah Z, El-Fattah H et

al. Ketamine reduces swallowing-evoked

pain after paediatric tonsillectomy. Acta

Anaesthesiol Scand 2003; 47: 604–609.

22 O’Flaherty J, Lin C. Does ketamine or mag-

nesium affect posttonsillectomy pain in chil-

dren? Paediatr Anaesth 2003; 13: 413–421.

23 White M, Nolan J. An evaluation of pain

and postoperative nausea and vomiting fol-

lowing the introduction of guidelines for

tonsillectomy. Paediatr Anaesth 2005; 15:

683–688.

24 Ewah BN, Robb PJ, Raw M. Postoperative

pain, nausea and vomiting following paedi-

atric day-case tonsillectomy. Anaesthesia

2006; 61: 116–122.

25 Warnock F, Lander J. Pain progression,

intensity and outcomes following tonsillec-

tomy. Pain 1998; 75: 37–45.

26 Giannoni C, White S, Enneking FK et al.

Ropivacaine with or without clonidine

improves pediatric tonsillectomy pain. Arch

Otolaryngol Head Neck Surg 2001; 127:

1265–1270.

27 Park AH, Pappas AL, Fluder E et al. Effect

of perioperative administration of ropiva-

caine with epinephrine on postoperative

pediatric adenotonsillectomy recovery. Arch

Otolaryngol Head Neck Surg 2004; 130:

459–464.

28 Owczarzak V, Haddad JJr. Comparison of

oral versus rectal administration of acetami-

nophen with codeine in postoperative pedi-

atric adenotonsillectomy patients.

Laryngoscope 2006; 116: 1485–1488.

29 Hullett BJ, Chambers NA, Pascoe EM et al.

Tramadol vs morphine during adenotonsil-

lectomy for obstructive sleep apnea in chil-

dren. Paediatr Anaesth 2006; 16: 648–653.

30 Uysal HY, Takmaz SA, Yaman F et al. The

efficacy of intravenous paracetamol versus

tramadol for postoperative analgesia after

adenotonsillectomy in children. J Clin

Anesth 2011; 23: 53–57.

31 Atef A, Fawaz AA. Peritonsillar infiltration

with tramadol improves pediatric tonsillec-

tomy pain. Eur Arch Otorhinolaryngol 2008;

265: 571–574.

32 Antila H, Manner T, Kuurila K et al. Keto-

profen and tramadol for analgesia during

early recovery after tonsillectomy in chil-

dren. Paediatr Anaesth 2006; 16: 548–553.

33 Moiniche S, Romsing J, Dahl J et al. Non-

steroidal antiinflammatory drugs and the

risk of operative site bleeding after tonsillec-

tomy: a quantitative systematic review.

Anesth Analg 2003; 96: 68–77.

34 Keidan I, Zaslansky R, Eviatar E et al. In-

traoperative ketorolac is an effective substi-

tute for fentanyl in children undergoing

outpatient adenotonsillectomy. Paediatr

Anaesth 2004; 14: 318–323.

35 Sheeran PW, Rose JB, Fazi LM et al. Ro-

fecoxib administration to paediatric patients

undergoing adenotonsillectomy. Paediatr

Anaesth 2004; 14: 579–583.

36 Alhashemi JA, Daghistani MF. Effects of

intraoperative i.v. acetaminophen vs i.m.

meperidine on post-tonsillectomy pain

in children. Br J Anaesth 2006; 96: 790–

795.

37 Anderson B, Kanagasundarum S, Woollard

G. Analgesic efficacy of paracetamol in chil-

dren using tonsillectomy as a pain model.

Anaesth Intensive Care 1996; 24: 669–673.

38 Anderson B, Holford N, Woollard G et al.

Perioperative pharmacodynamics of acet-

aminophen analgesia in children. Anesthesi-

ology 1999; 90: 411–421.

39 Anderson BJ, Ralph CJ, Stewart AW et al.

The dose–effect relationship for morphine

and vomiting after day-stay tonsillectomy in

children. Anaesth Intensive Care 2000; 28:

155–160.

40 Karaaslan K, Yilmaz F, Gulcu N et al. The

effects of levobupivacaine versus levobupi-

vacaine plus magnesium infiltration on post-

operative analgesia and laryngospasm in

pediatric tonsillectomy patients. Int J Pedi-

atr Otorhinolaryngol 2008; 72: 675–681.

41 Inanoglu K, Ozbakis Akkurt BC, Turhano-

glu S et al. Intravenous ketamine and local

bupivacaine infiltration are effective as part

of a multimodal regime for reducing post-

tonsillectomy pain. Med Sci Monit 2009; 15:

CR539–CR543.

42 Gemma M, Piccioni LO, Gioia L et al.

Ropivacaine peritonsillar infiltration for

analgesia after adenotonsillectomy in chil-

dren: a randomized, double-blind, placebo-

controlled study. Ann Otol Rhinol Laryngol

2009; 118: 227–231.

43 Rhendra Hardy MZ, Zayuah MS, Baharu-

din A et al. The effects of topical viscous

lignocaine 2% versus per-rectal diclofenac

in early post-tonsillectomy pain in children.

Int J Pediatr Otorhinolaryngol 2010; 74:

374–377.

44 Da Conceicao M, Da Conceicao D, Carnei-

ro Leao C. Effect of an intravenous single

dose of ketamine on postoperative pain in

tonsillectomy patients. Paediatr Anaesth

2006; 16: 962–967.

45 Aydin ON, Ugur B, Ozgun S et al. Pain

prevention with intraoperative ketamine in

outpatient children undergoing tonsillec-

tomy or tonsillectomy and adenotomy. J

Clin Anesth 2007; 19: 115–119.

46 Taheri R, Seyedhejazi M, Ghojazadeh M et

al. Comparison of ketamine and fentanyl

for postoperative pain relief in children fol-

lowing adenotonsillectomy. Pak J Biol Sci

2011; 14: 572–577.

47 Abu-Shahwan I. Ketamine does not reduce

postoperative morphine consumption after

tonsillectomy in children. Clin J Pain 2008;

24: 395–398.

48 Canbay O, Celebi N, Uzun S et al. Topical

ketamine and morphine for post-tonsillec-

tomy pain. Eur J Anaesthesiol 2008; 25:

287–292.

49 Dahmani S, Michelet D, Abback PS et al.

Ketamine for perioperative pain manage-

ment in children: a meta-analysis of pub-

lished studies. Paediatr Anaesth 2011; 21:

636–652.

50 Zhuang PJ, Wang X, Zhang XF et al. Post-

operative respiratory and analgesic effects of

dexmedetomidine or morphine for adeno-

tonsillectomy in children with obstructive

sleep apnoea. Anaesthesia 2011; 66: 989–

993.

51 Pestieau SR, Quezado ZM, Johnson YJ et

al. High-dose dexmedetomidine increases

the opioid-free interval and decreases opioid

requirement after tonsillectomy in children.

Can J Anaesth 2011; 58: 540–550.

52 Patel A, Davidson M, Tran MC et al. Dex-

medetomidine infusion for analgesia and

prevention of emergence agitation in chil-

dren with obstructive sleep apnea syndrome

undergoing tonsillectomy and adenoidec-

tomy. Anesth Analg 2010; 111: 1004–1010.

56 ª 2012 Blackwell Publishing Ltd, Pediatric Anesthesia, 22 (Suppl. 1), 1–79



53 Steward DL, Welge JA, Myer CM. Steroids

for improving recovery following tonsillec-

tomy in children. Cochrane Database Syst

Rev 2011; Aug 10;(8): CD003997.

54 Cardwell M, Siviter G, Smith A. Non-ste-

roidal anti-inflammatory drugs and periop-

erative bleeding in paediatric tonsillectomy.

Cochrane Database Syst Rev 2005; Apr 18;

(2): CD003591.

55 Krishna S, Hughes L, Lin S. Postoperative

hemorrhage with nonsteroidal anti-inflam-

matory drug use after tonsillectomy: a meta-

analysis. Arch Otolaryngol Head Neck Surg

2003; 129: 1086–1089.

56 Marret E, Flahault A, Samama C et al.

Effects of postoperative, nonsteroidal, anti-

inflammatory drugs on bleeding risk after

tonsillectomy: meta-analysis of randomized,

controlled trials. Anesthesiology 2003; 98:

1497–1502.

57 Suresh S, Barcelona S, Young N et al. Post-

operative pain relief in children undergoing

tympanomastoid surgery: is a regional block

better than opioids? Anesth Analg 2002; 94:

859–862.

58 Suresh S, Barcelona SL, Young NM et al.

Does a preemptive block of the great auric-

ular nerve improve postoperative analgesia

in children undergoing tympanomastoid sur-

gery? Anesth Analg 2004; 98: 330–333,table

of contents.

59 Hasan RA, LaRouere MJ, Kartush J et al.

Ambulatory tympanomastoid surgery in

children: factors affecting hospital admis-

sion. Arch Otolaryngol Head Neck Surg

2004; 130: 1158–1162.

60 Deb K, Subramaniam R, Dehran M et al.

Safety and efficacy of peribulbar block as

adjunct to general anaesthesia for paediatric

ophthalmic surgery. Paediatr Anaesth 2001;

11: 161–167.

61 Sheard RM, Mehta JS, Barry JS et al. Subt-

enons lidocaine injection for postoperative

pain relief after strabismus surgery in chil-

dren: a prospective randomized controlled

trial. J AApos 2004; 8: 314–317.

62 Chhabra A, Pandey R, Khandelwal M et al.

Anesthetic techniques and postoperative

emesis in pediatric strabismus surgery. Reg

Anesth Pain Med 2005; 30: 43–47.

63 Steib A, Karcenty A, Calache E et al.

Effects of subtenon anesthesia combined

with general anesthesia on perioperative

analgesic requirements in pediatric strabis-

mus surgery. Reg Anesth Pain Med 2005;

30: 478–483.

64 Morris B, Watts P, Zatman T et al. Pain

relief for strabismus surgery in children: a

randomised controlled study of the use of

preoperative sub-Tenon levobupivacaine. Br

J Ophthalmol 2009; 93: 329–332.

65 Morton N, Benham S, Lawson R et al. Dic-

lofenac vs oxybuprocaine eyedrops for anal-

gesia in paediatric strabismus surgery.

Paediatr Anaesth 1997; 7: 221–226.

66 Bridge HS, Montgomery CJ, Kennedy RA

et al. Analgesic efficacy of ketorolac 0.5%

ophthalmic solution (Accular) in paediatric

strabismus surgery. Paediatr Anaesth 2000;

10: 521–526.

67 Kim J, Azavedo L, Bhananker S et al.

Amethocaine or ketorolac eyedrops provide

inadequate analgesia in pediatric strabismus

surgery. Can J Anaesth 2003; 50: 819–823.

68 Mendel H, Guarnieri K, Sundt L et al. The

effects of ketorolac and fentanyl on postop-

erative vomiting and analgesic requirements

in children undergoing strabismus surgery.

Anesth Analg 1995; 80: 1129–1133.

69 Kokki H, Homan E, Tuovinen K et al. Pre-

operative treatment with i.v. ketoprofen

reduces pain and vomiting in children after

strabismus surgery. Acta Anaesthesiol Scand

1999; 43: 13–18.

70 Shende D, Das K. Comparative effects of

intravenous ketorolac and pethidine on peri-

operative analgesia and postoperative nau-

sea and vomiting (PONV) for paediatric

strabismus surgery. Acta Anaesthesiol Scand

1999; 43: 265–269.

71 Wennstrom B, Reinsfelt B. Rectally admin-

istered diclofenac (Voltaren) reduces vomit-

ing compared with opioid (morphine) after

strabismus surgery in children. Acta Anaes-

thesiol Scand 2002; 46: 430–434.

72 Anninger W, Forbes B, Quinn G et al. The

effect of topical tetracaine eye drops on

emergence behavior and pain relief after

strabismus surgery. J AAPOS 2007; 11:

273–276.

73 Eltzschig H, Schroeder T, Eissler B et al.

The effect of remifentanil or fentanyl on

postoperative vomiting and pain in children

undergoing strabismus surgery. Anesth

Analg 2002; 94: 1173–1177.

74 Mikawa K, Nishina K, Maekawa N et al.

Dose–response of flurbiprofen on postopera-

tive pain and emesis after paediatric strabis-

mus surgery. Can J Anaesth 1997; 44: 95–

98.

75 Subramaniam R, Ghai B, Khetarpal M et

al. A comparison of intravenous ketoprofen

versus pethidine on peri-operative analgesia

and post-operative nausea and vomiting in

paediatric vitreoretinal surgery. J Postgrad

Med 2003; 49: 123–126.

76 Subramaniam R, Subbarayudu S, Rewari V

et al. Usefulness of pre-emptive peribulbar

block in pediatric vitreoretinal surgery: a

prospective study. Reg Anesth Pain Med

2003; 28: 43–47.

77 Chhabra A, Sinha R, Subramaniam R et al.

Comparison of sub-Tenon’s block with i.v.

fentanyl for paediatric vitreoretinal surgery.

Br J Anaesth 2009; 103: 739–743.

78 Ghai B, Ram J, Makkar JK et al. Subtenon

block compared to intravenous fentanyl for

perioperative analgesia in pediatric cataract

surgery. Anesth Analg 2009; 108: 1132–1138.

79 Parulekar MV, Berg S, Elston JS. Adjunc-

tive peribulbar anaesthesia for paediatric

ophthalmic surgery: are the risks justified?

Paediatr Anaesth 2002; 12: 85–86.

80 Ghai B, Makkar JK, Chari P et al. Addition

of midazolam to continuous postoperative

epidural bupivacaine infusion reduces

requirement for rescue analgesia in children

undergoing upper abdominal and flank sur-

gery. J Clin Anesth 2009; 21: 113–119.

81 Sinha R, Subramaniam R, Chhabra A et al.

Comparison of topical lignocaine gel and

fentanyl for perioperative analgesia in chil-

dren undergoing cataract surgery. Paediatr

Anaesth 2009; 19: 371–375.

82 Gazal G, Mackie IC. A comparison of par-

acetamol, ibuprofen or their combination

for pain relief following extractions in chil-

dren under general anaesthesia: a random-

ized controlled trial. Int J Paediatr Dent

2007; 17: 169–177.

83 Leong KJ, Roberts GJ, Ashley PF. Periop-

erative local anaesthetic in young paediatric

patients undergoing extractions under out-

patient ‘short-case’ general anaesthesia. A

double-blind randomised controlled trial. Br

Dent J 2007; 203: E11;discussion 334–335.

84 Sammons HM, Unsworth V, Gray C et al.

Randomized controlled trial of the intraliga-

mental use of a local anaesthetic (lignocaine

2%) versus controls in paediatric tooth

extraction. Int J Paediatr Dent 2007; 17:

297–303.

85 Andrzejowski J, Lamb L. The effect of

swabs soaked in bupivacaine and epineph-

rine for pain relief following simple dental

extractions in children. Anaesthesia 2002;

57: 281–283.

86 Gazal G, Bowman R, Worthington HV et

al. A double-blind randomized controlled

trial investigating the effectiveness of topical

bupivacaine in reducing distress in children

following extractions under general

anaesthesia. Int J Paediatr Dent 2004; 14:

425–431.

87 Anand P, Wilson R, Sheehy EC. Intraliga-

mental analgesia for post-operative pain

control in children having dental extractions

under general anaesthesia. Eur J Paediatr

Dent 2005; 6: 10–15.

88 McWilliams PA, Rutherford JS. Assessment

of early postoperative pain and haemor-

rhage in young children undergoing dental

extractions under general anaesthesia. Int J

Paediatr Dent 2007; 17: 352–357.

89 Atan S, Ashley P, Gilthorpe MS et al. Mor-

bidity following dental treatment of children

under intubation general anaesthesia in a

ª 2012 Blackwell Publishing Ltd, Pediatric Anesthesia, 22 (Suppl. 1), 1–79 57



day-stay unit. Int J Paediatr Dent 2004; 14:

9–16.

90 Gazal G, Mackie IC. Distress related to

dental extraction for children under general

anaesthesia and their parents. Eur J Paedi-

atr Dent 2007; 8: 7–12.

91 O’Donnell A, Henderson M, Fearne J et al.

Management of postoperative pain in chil-

dren following extractions of primary teeth

under general anaesthesia: a comparison of

paracetamol, Voltarol and no analgesia. Int

J Paediatr Dent 2007; 17: 110–115.

92 Townsend JA, Ganzberg S, Thikkurissy S.

The effect of local anesthetic on quality of

recovery characteristics following dental

rehabilitation under general anesthesia in

children. Anesth Prog 2009; 56: 115–122.

93 Littlejohn IH, Tarling MM, Flynn PJ et al.

Post-operative pain relief in children follow-

ing extraction of carious deciduous teeth

under general anaesthesia: a comparison of

nalbuphine and diclofenac. Eur J Anaesthe-

siol 1996; 13: 359–363.

94 Purday J, Reichert C, Merrick P. Compara-

tive effects of three doses of intravenous

ketorolac or morphine on emesis and anal-

gesia for restorative dental surgery in chil-

dren. Can J Anaesth 1996; 43: 221–225.

95 Alhashemi JA, Daghistani MF. Effect of in-

traoperative intravenous acetaminophen vs.

intramuscular meperidine on pain and dis-

charge time after paediatric dental restora-

tion. Eur J Anaesthesiol 2007; 24: 128–133.

96 Bhananker SM, Azavedo LF, Splinter WM.

Addition of morphine to local anesthetic

infiltration does not improve analgesia after

pediatric dental extractions. Paediatr Ana-

esth 2008; 18: 140–144.

97 Ho D, Keneally J. Analgesia following pae-

diatric day-surgical orchidopexy and herni-

otomy. Paediatr Anaesth 2000; 10: 627–631.

98 Anatol TI, Pitt-Miller P, Holder Y. Trial of

three methods of intraoperative bupivacaine

analgesia for pain after paediatric groin sur-

gery. Can J Anaesth 1997; 44: 1053–1059.

99 Ivani G, DeNegri P, Conio A et al. Com-

parison of racemic bupivacaine, ropivacaine,

and levo-bupivacaine for pediatric caudal

anesthesia: effects on postoperative analge-

sia and motor block. Reg Anesth Pain Med

2002; 27: 157–161.

100 Ivani G, Conio A, De NP et al. Spinal ver-

sus peripheral effects of adjunct clonidine:

comparison of the analgesic effect of a ropi-

vacaine-clonidine mixture when adminis-

tered as a caudal or ilioinguinal-

iliohypogastric nerve blockade for inguinal

surgery in children. Paediatr Anaesth 2002;

12: 680–684.

101 Suraseranivongse S, Chowvanayotin S, Pi-

rayavaraporn S et al. Effect of bupivacaine

with epinephrine wound instillation for pain

relief after pediatric inguinal herniorrhaphy

and hydrocelectomy. Reg Anesth Pain Med

2003; 28: 24–28.

102 Ivani G, De Negri P, Lonnqvist PA et al.

Caudal anesthesia for minor pediatric sur-

gery: a prospective randomized comparison

of ropivacaine 0.2% vs levobupivacaine

0.2%. Paediatr Anaesth 2005; 15: 491–494.

103 Fredrickson MJ, Paine C, Hamill J.

Improved analgesia with the ilioinguinal

block compared to the transversus abdomin-

is plane block after pediatric inguinal sur-

gery: a prospective randomized trial.

Paediatr Anaesth 2010; 20: 1022–1027.

104 Giaufre E, Dalens B, Gombert A. Epidemi-

ology and morbidity of regional anesthesia

in children: a one-year prospective survey of

the French-Language Society of Pediatric

Anesthesiologists. Anesth Analg 1996; 83:

904–912.

105 Cook TM, Counsell D, Wildsmith JA.

Major complications of central neuraxial

block: report on the Third National Audit

Project of the Royal College of Anaesthe-

tists. Br J Anaesth 2009; 102: 179–190.

106 Ecoffey C, Lacroix F, Giaufre E et al. Epi-

demiology and morbidity of regional anes-

thesia in children: a follow-up one-year

prospective survey of the French-Language

Society of Paediatric Anaesthesiologists

(ADARPEF). Paediatr Anaesth 2010; 20:

1061–1069.

107 Brenner L, Kettner SC, Marhofer P et al.

Caudal anaesthesia under sedation: a pro-

spective analysis of 512 infants and children.

Br J Anaesth 2010; 104: 751–755.

108 Breschan C, Jost R, Krumpholz R et al. A

prospective study comparing the analgesic

efficacy of levobupivacaine, ropivacaine and

bupivacaine in pediatric patients undergoing

caudal blockade. Paediatr Anaesth 2005; 15:

301–306.

109 Ingelmo P, Frawley G, Astuto M et al. Rel-

ative analgesic potencies of levobupivacaine

and ropivacaine for caudal anesthesia in

children. Anesth Analg 2009; 108: 805–813.

110 Luz G, Innerhofer P, Haussler B et al.

Comparison of ropivacaine 0.1% and 0.2%

with bupivacaine 0.2% for single-shot cau-

dal anaesthesia in children. Paediatr Anaesth

2000; 10: 499–504.

111 Bosenberg A, Thomas J, Lopez T et al. The

efficacy of caudal ropivacaine 1, 2 and

3 mg · l()1) for postoperative analgesia in

children. Paediatr Anaesth 2002; 12: 53–58.

112 Ivani G, De NP, Lonnqvist P et al. A com-

parison of three different concentrations of

levobupivacaine for caudal block in chil-

dren. Anesth Analg 2003; 97: 368–371.

113 Gulec S, Buyukkidan B, Oral N et al. Com-

parison of caudal bupivacaine, bupivacaine-

morphine and bupivacaine-midazolam mix-

tures for post-operative analgesia in chil-

dren. Eur J Anaesthesiol 1998; 15: 161–165.

114 Ivani G, De Negri P, Conio A et al. Ropi-

vacaine-clonidine combination for caudal

blockade in children. Acta Anaesthesiol

Scand 2000; 44: 446–449.

115 Khan F, Memon G, Kamal R. Effect of

route of buprenorphine on recovery and

postoperative analgesic requirement in pae-

diatric patients. Paediatr Anaesth 2002; 12:

786–790.

116 Ansermino M, Basu R, Vandebeek C et al.

Nonopioid additives to local anaesthetics

for caudal blockade in children: a systematic

review. Paediatr Anaesth 2003; 13: 561–573.

117 Turan A, Memis D, Basaran UN et al. Cau-

dal ropivacaine and neostigmine in pediatric

surgery. Anesthesiology 2003; 98: 719–722.

118 Weber F, Wulf H. Caudal bupivacaine and

s(+)-ketamine for postoperative analgesia

in children. Paediatr Anaesth 2003; 13: 244–

248.

119 Bano F, Haider S, Sultan ST. Comparison

of caudal bupivacaine and bupivacaine-mi-

dazolam for peri and postoperative analge-

sia in children. J Coll Physicians Surg Pak

2004; 14: 65–68.

120 Martindale S, Dix P, Stoddart P. Double-

blind randomized controlled trial of caudal

versus intravenous S(+)-ketamine for sup-

plementation of caudal analgesia in chil-

dren. Br J Anaesth 2004; 92: 344–347.

121 Saadawy I, Boker A, Elshahawy MA et al.

Effect of dexmedetomidine on the character-

istics of bupivacaine in a caudal block in

pediatrics. Acta Anaesthesiol Scand 2009; 53:

251–256.

122 Shukla U, Prabhakar T, Malhotra K. Post-

operative analgesia in children when using

clonidine or fentanyl with ropivacaine given

caudally. J Anaesthesiol Clin Pharmacol

2011; 27: 205–210.

123 Disma N, Frawley G, Mameli L et al. Effect

of epidural clonidine on minimum local

anesthetic concentration (ED50) of levobup-

ivacaine for caudal block in children. Paedi-

atr Anaesth 2011; 21: 128–135.

124 Pradhan B, Bajracharya GR. Midazolam

for caudal analgesia in children: comparison

with caudal bupivacaine. Kathmandu Univ

Med J (KUMJ) 2008; 6: 166–172.

125 Birbicer H, Doruk N, Cinel I et al. Could

adding magnesium as adjuvant to ropiva-

caine in caudal anaesthesia improve postop-

erative pain control ? Pediatr Surg Int 2007;

23: 195–198.

126 Erol A, Tavlan A, Tuncer S et al. Caudal

anesthesia for minor subumbilical pediatric

surgery: a comparison of levobupivacaine

alone and levobupivacaine plus sufentanil. J

Clin Anesth 2008; 20: 442–446.

127 Akin A, Ocalan S, Esmaoglu A et al. The

effects of caudal or intravenous clonidine on

postoperative analgesia produced by caudal

58 ª 2012 Blackwell Publishing Ltd, Pediatric Anesthesia, 22 (Suppl. 1), 1–79



levobupivacaine in children. Paediatr Ana-

esth 2010; 20: 350–355.

128 Luz G, Innerhofer P, Oswald E et al. Com-

parison of clonidine 1 microgram kg-1 with

morphine 30 micrograms kg-1 for post-oper-

ative caudal analgesia in children. Eur J

Anaesthesiol 1999; 16: 42–46.

129 Passariello M, Almenrader N, Canneti A et

al. Caudal analgesia in children: S(+)-keta-

mine vs S(+)-ketamine plus clonidine. Pae-

diatr Anaesth 2004; 14: 851–855.

130 Dalens B, Ecoffey C, Joly A et al. Pharma-

cokinetics and analgesic effect of ropiva-

caine following ilioinguinal/iliohypogastric

nerve block in children. Paediatr Anaesth

2001; 11: 415–420.

131 Willschke H, Marhofer P, Bosenberg A et

al. Ultrasonography for ilioinguinal/iliohyp-

ogastric nerve blocks in children. Br J Ana-

esth 2005; 95: 226–230.

132 Kaabachi O, Zerelli Z, Methamem M et al.

Clonidine administered as adjuvant for bup-

ivacaine in ilioinguinal-iliohypogastric nerve

block does not prolong postoperative anal-

gesia. Paediatr Anaesth 2005; 15: 586–590.

133 Cyna AM, Middleton P. Caudal epidural

block versus other methods of postoperative

pain relief for circumcision in boys. Cochra-

ne Database Syst Rev 2008; CD003005.

134 McGowan P, May H, Molnar Z et al. A

comparison of three methods of analgesia in

children having day case circumcision. Pae-

diatr Anaesth 1998; 8: 403–407.

135 Matsota P, Papageorgiou-Brousta M. Intra-

operative and postoperative analgesia with

subcutaneous ring block of the penis with

levobupivacaine for circumcision in children.

Eur J Pediatr Surg 2004; 14: 198–202.

136 Irwin M, Cheng W. Comparison of subcuta-

neous ring block of the penis with caudal

epidural block for post-circumcision analge-

sia in children. Anaesth Intensive Care 1996;

24: 365–367.

137 Holder K, Peutrell J, Weir P. Regional

anaesthesia for circumcision. Subcutaneous

ring block of the penis and subpubic penile

block compared. Eur J Anaesthesiol 1997;

14: 495–498.

138 Gauntlett I. A comparison between local

anaesthetic dorsal nerve block and caudal

bupivacaine with ketamine for paediatric

circumcision. Paediatr Anaesth 2003; 13: 38–

42.

139 Weksler N, Atias I, Klein M et al. Is penile

block better than caudal epidural block for

postcircumcision analgesia? J Anesth 2005;

19: 36–39.

140 Soh CR, Ng SB, Lim SL. Dorsal penile

nerve block. Paediatr Anaesth 2003; 13:

329–333.

141 Sandeman DJ, Reiner D, Dilley AV et al. A

retrospective audit of three different regio-

nal anaesthetic techniques for circumcision

in children. Anaesth Intensive Care 2010; 38:

519–524.

142 Naja Z, Al-Tannir MA, Faysal W et al. A

comparison of pudendal block vs dorsal

penile nerve block for circumcision in chil-

dren: a randomised controlled trial. Anaes-

thesia 2011; 66: 802–807.

143 Kargi E, Isikdemir A, Tokgoz H et al.

Comparison of local anesthetic effects of

tramadol with prilocaine during circumci-

sion procedure. Urology 2010; 75: 672–675.

144 Choi W, Irwin M, Hui T et al. EMLA

cream versus dorsal penile nerve block for

postcircumcision analgesia in children.

Anesth Analg 2003; 96: 396–399.

145 Margetts L, Carr A, McFadyen G et al. A

comparison of caudal bupivacaine and keta-

mine with penile block for paediatric cir-

cumcision. Eur J Anaesthesiol 2008; 25:

1009–1013.

146 Lee HM, Sanders GM. Caudal ropivacaine

and ketamine for postoperative analgesia in

children. Anaesthesia 2000; 55: 806–810.

147 Sharpe P, Klein JR, Thompson JP et al.

Analgesia for circumcision in a paediatric

population: comparison of caudal bupiva-

caine alone with bupivacaine plus two doses

of clonidine. Paediatr Anaesth 2001; 11:

695–700.

148 Brady-Fryer B, Wiebe N, Lander JA. Pain

relief for neonatal circumcision. Cochrane

Database Syst Rev 2004; CD004217.

149 Banieghbal B. Optimal time for neonatal

circumcision: an observation-based study. J

Pediatr Urol 2009; 5: 359–362.

150 Taeusch HW, Martinez AM, Partridge JC et

al. Pain during Mogen or PlastiBell circum-

cision. J Perinatol 2002; 22: 214–218.

151 Taddio A, Ohlsson A, Einarson TR et al. A

systematic review of lidocaine-prilocaine

cream (EMLA) in the treatment of acute

pain in neonates. Pediatrics 1998; 101: E1.

152 Lehr VT, Cepeda E, Frattarelli DA et al.

Lidocaine 4% cream compared with lido-

caine 2.5% and prilocaine 2.5% or dorsal

penile block for circumcision. Am J Perina-

tol 2005; 22: 231–237.

153 Prosser D, Davis A, Booker P et al. Caudal

tramadol for postoperative analgesia in

pediatric hypospadias surgery. Br J Anaesth

1997; 79: 293–296.

154 Abdulatif M, El-Sanabary M. Caudal neo-

stigmine, bupivacaine, and their combina-

tion for postoperative pain management

after hypospadias surgery in children.

Anesth Analg 2002; 95: 1215–1218,table of

contents.

155 Gunes Y, Gunduz M, Unlugenc H et al.

Comparison of caudal vs intravenous tram-

adol administered either preoperatively or

postoperatively for pain relief in boys. Pae-

diatr Anaesth 2004; 14: 324–328.

156 Hansen TG, Henneberg SW, Walther-Lar-

sen S et al. Caudal bupivacaine supple-

mented with caudal or intravenous clonidine

in children undergoing hypospadias repair:

a double-blind study. Br J Anaesth 2004; 92:

223–227.

157 Mahajan R, Grover V, Chari P. Caudal

neostigmine with bupivacaine produces a

dose-independent analgesic effect in chil-

dren. Can J Anaesth 2004; 51: 702–706.

158 Cho JE, Kim JY, Hong JY et al. The addi-

tion of fentanyl to 1.5 mg/ml ropivacaine

has no advantage for paediatric epidural

analgesia. Acta Anaesthesiol Scand 2009; 53:

1084–1087.

159 Silvani P, Camporesi A, Agostino MR et al.

Caudal anesthesia in pediatrics: an update.

Minerva Anestesiol 2006; 72: 453–459.

160 Kelleher A, Black A, Penman S et al. Com-

parison of caudal bupivacaine and diamor-

phine with caudal bupivacaine alone for

repair of hypospadias. Br J Anaesth 1996;

77: 586–590.

161 Laiq N, Khan MN, Tahmeedullah K. et al.

Comparison of caudal bupivacaine and bup-

ivacaine-tramadol for postoperative analge-

sia in children undergoing hypospadias

surgery. J Coll Physicians Surg Pak 2009;

19: 678–681.

162 De Mey JC, Strobbet J, Poelaert J et al.

The influence of sufentanil and/or clonidine

on the duration of analgesia after a caudal

block for hypospadias repair surgery in

children. Eur J Anaesthesiol 2000; 17: 379–

382.

163 Hansen T, Henneberg S. Caudal clonidine

in neonates and small infants and respira-

tory depression. Paediatr Anaesth 2004; 14:

529–530.

164 Ozbek H, Bilen A, Ozcengiz D et al. The

comparison of caudal ketamine, alfentanil

and ketamine plus alfentanil administration

for postoperative analgesia in children. Pae-

diatr Anaesth 2002; 12: 610–616.

165 Batra YK, Arya VK, Mahajan R et al.

Dose response study of caudal neostigmine

for postoperative analgesia in paediatric

patients undergoing genitourinary surgery.

Paediatr Anaesth 2003; 13: 515–521.

166 Gunes Y, Secen M, Ozcengiz D et al. Com-

parison of caudal ropivacaine, ropivacaine

plus ketamine and ropivacaine plus tram-

adol administration for postoperative anal-

gesia in children. Paediatr Anaesth 2004; 14:

557–563.

167 De Negri P, Ivani G, Tirri T et al. A com-

parison of epidural bupivacaine, levobupiva-

caine, and ropivacaine on postoperative

analgesia and motor blockade. Anesth Analg

2004; 99: 45–48.

168 Lerman J, Nolan J, Eyres R et al. Efficacy,

safety, and pharmacokinetics of levobupiva-

caine with and without fentanyl after con-

ª 2012 Blackwell Publishing Ltd, Pediatric Anesthesia, 22 (Suppl. 1), 1–79 59



tinuous epidural infusion in children: a mul-

ticenter trial. Anesthesiology 2003; 99: 1166–

1174.

169 Chhibber A, Perkins F, Rabinowitz R et al.

Penile block timing for postoperative anal-

gesia of hypospadias repair in children. J

Urol 1997; 158: 1156–1159.

170 Apiliogullari S, Duman A, Gok F et al.

Spinal needle design and size affect the inci-

dence of postdural puncture headache in

children. Paediatr Anaesth 2010; 20: 177–

182.

171 Ozyuvaci E, Altan A, Yucel M et al. Evalu-

ation of adding preoperative or postopera-

tive rectal paracetamol to caudal

bupivacaine for postoperative analgesia in

children. Paediatr Anaesth 2004; 14: 661–

665.

172 Findlow D, Aldridge L, Doyle E. Compari-

son of caudal block using bupivacaine and

ketamine with ilioinguinal nerve block for

orchidopexy in children. Anaesthesia 1997;

52: 1110–1113.

173 Somri M, Gaitini LA, Vaida SJ et al. Effect

of ilioinguinal nerve block on the catechol-

amine plasma levels in orchidopexy: com-

parison with caudal epidural block. Paediatr

Anaesth 2002; 12: 791–797.

174 Verghese S, Hannallah R, Rice L et al. Cau-

dal anesthesia in children: effect of volume

versus concentration of bupivacaine on

blocking spermatic cord traction response

during orchidopexy. Anesth Analg 2002; 95:

1219–1223.

175 Hong JY, Han SW, Kim WO et al. A com-

parison of high volume/low concentration

and low volume/high concentration ropiva-

caine in caudal analgesia for pediatric

orchiopexy. Anesth Analg 2009; 109: 1073–

1078.

176 Semple D, Findlow D, Aldridge L et al. The

optimal dose of ketamine for caudal epidu-

ral blockade in children. Anaesthesia 1996;

51: 1170–1172.

177 Hong JY, Han SW, Kim WO et al. Effect

of dexamethasone in combination with cau-

dal analgesia on postoperative pain control

in day-case paediatric orchiopexy. Br J Ana-

esth 2010; 105: 506–510.

178 Fitzgerald M, McGinley J. The use of trans-

verse abdominal plane block for orchido-

pexy. Paediatr Anaesth 2009; 19: 810–811.

179 Machotta A, Risse A, Bercker S et al. Com-

parison between instillation of bupivacaine

versus caudal analgesia for postoperative

analgesia following inguinal herniotomy in

children. Paediatr Anaesth 2003; 13: 397–

402.

180 Sakellaris G, Petrakis I, Makatounaki K et

al. Effects of ropivacaine infiltration on cor-

tisol and prolactin responses to postopera-

tive pain after inguinal hernioraphy in

children. J Pediatr Surg 2004; 39: 1400–

1403.

181 Kumar P, Rudra A, Pan A et al. Caudal

additives in pediatrics: a comparison among

midazolam, ketamine, and neostigmine co-

administered with bupivacaine. Anesth

Analg 2005; 101: 69–73.

182 Sasaoka N, Kawaguchi M, Yoshitani K et

al. Evaluation of genitofemoral nerve block,

in addition to ilioinguinal and iliohypoga-

stric nerve block, during inguinal hernia

repair in children. Br J Anaesth 2005; 94:

243–246.

183 Naja ZM, Raf M, El-Rajab M et al. A com-

parison of nerve stimulator guided paraver-

tebral block and ilio-inguinal nerve block

for analgesia after inguinal herniorrhaphy in

children. Anaesthesia 2006; 61: 1064–1068.

184 Tug R, Ozcengiz D, Gunes Y. Single level

paravertebral versus caudal block in paedi-

atric inguinal surgery. Anaesth Intensive

Care 2011; 39: 909–913.

185 Koinig H, Krenn CG, Glaser C et al. The

dose–response of caudal ropivacaine in chil-

dren. Anesthesiology 1999; 90: 1339–1344.

186 Joshi W, Connelly N, Dwyer M et al. A

comparison of two concentrations of bupi-

vacaine and adrenaline with and without

fentanyl in paediatric inguinal herniorrha-

phy. Paediatr Anaesth 1999; 9: 317–320.

187 Schrock C, Jones M. The dose of caudal

epidural analgesia and duration of postoper-

ative analgesia. Paediatr Anaesth 2003; 13:

403–408.

188 Klimscha W, Chiari A, Michalek-Sauberer

A et al. The efficacy and safety of a cloni-

dine/bupivacaine combination in caudal

blockade for pediatric hernia repair. Anesth

Analg 1998; 86: 54–61.

189 Gaitini L, Somri M, Vaida S et al. Does the

addition of fentanyl to bupivacaine in cau-

dal epidural block have an effect on the

plasma level of catecholamines in children?

Anesth Analg 2000; 90: 1029–1033.

190 Ozcengiz D, Gunduz M, Ozbek H et al.

Comparison of caudal morphine and tram-

adol for postoperative pain control in chil-

dren undergoing inguinal herniorrhaphy.

Paediatr Anaesth 2001; 11: 459–464.

191 Senel A, Akyol A, Dohman D et al. Caudal

bupivacaine-tramadol combination for post-

operative analgesia in pediatric herniorrha-

phy. Acta Anaesthesiol Scand 2001; 45: 786–

789.

192 Baris S, Karakaya D, Kelsaka E et al. Com-

parison of fentanyl-bupivacaine or midazo-

lam-bupivacaine mixtures with plain

bupivacaine for caudal anaesthesia in chil-

dren. Paediatr Anaesth 2003; 13: 126–131.

193 Memis D, Turan A, Karamanlioglu B et al.

Caudal neostigmine for postoperative anal-

gesia in paediatric surgery. Paediatr Anaesth

2003; 13: 324–328.

194 Somri M, Tome R, Teszler CB et al. Does

adding intravenous fentanyl to caudal block

in children enhance the efficacy of multi-

modal analgesia as reflected in the plasma

level of catecholamines? Eur J Anaesthesiol

2007; 24: 408–413.

195 Yildiz TS, Ozdamar D, Bagus F et al. Levo-

bupivacaine-tramadol combination for cau-

dal block in children: a randomized, double-

blinded, prospective study. Paediatr Anaesth

2010; 20: 524–529.

196 Panjabi N, Prakash S, Gupta P et al. Effi-

cacy of three doses of ketamine with bupi-

vacaine for caudal analgesia in pediatric

inguinal herniotomy. Reg Anesth Pain Med

2004; 29: 28–31.

197 Yildiz TS, Korkmaz F, Solak M et al. Clo-

nidine addition prolongs the duration of

caudal analgesia. Acta Anaesthesiol Scand

2006; 50: 501–504.

198 Marhofer P, Krenn C, Plochl W et al.

S(+)-ketamine for caudal block in paediat-

ric anaesthesia. Br J Anaesth 2000; 84: 341–

345.

199 Hager H, Marhofer P, Sitzwohl C et al.

Caudal clonidine prolongs analgesia from

caudal S(+)-ketamine in children. Anesth

Analg 2002; 94: 1169–1172,table of contents.

200 Koinig H, Marhofer P, Krenn CG et al.

Analgesic effects of caudal and intramuscu-

lar S(+)-ketamine in children. Anesthesiol-

ogy 2000; 93: 976–980.

201 Kundra P, Deepalakshmi K, Ravishankar

M. Preemptive caudal bupivacaine and mor-

phine for postoperative analgesia in chil-

dren. Anesth Analg 1998; 87: 52–56.

202 Naja ZM, Raf M, El Rajab M et al. Nerve

stimulator-guided paravertebral blockade

combined with sevoflurane sedation versus

general anesthesia with systemic analgesia

for postherniorrhaphy pain relief in chil-

dren: a prospective randomized trial. Anes-

thesiology 2005; 103: 600–605.

203 Lim SL, Ng Sb A, Tan GM. Ilioinguinal

and iliohypogastric nerve block revisited:

single shot versus double shot technique for

hernia repair in children. Paediatr Anaesth

2002; 12: 255–260.

204 Tsuchiya N, Ichizawa M, Yoshikawa Y et

al. Comparison of ropivacaine with bupiva-

caine and lidocaine for ilioinguinal block

after ambulatory inguinal hernia repair in

children. Paediatr Anaesth 2004; 14: 468–

470.

205 Disma N, Tuo P, Pellegrino S et al. Three

concentrations of levobupivacaine for ilioin-

guinal/iliohypogastric nerve block in ambu-

latory pediatric surgery. J Clin Anesth 2009;

21: 389–393.

206 Weintraud M, Lundblad M, Kettner SC et

al. Ultrasound versus landmark-based tech-

nique for ilioinguinal-iliohypogastric nerve

blockade in children: the implications on

60 ª 2012 Blackwell Publishing Ltd, Pediatric Anesthesia, 22 (Suppl. 1), 1–79



plasma levels of ropivacaine. Anesth Analg

2009; 108: 1488–1492.

207 Willschke H, Bosenberg A, Marhofer P et

al. Ultrasonographic-guided ilioinguinal/ilio-

hypogastric nerve block in pediatric anesthe-

sia: what is the optimal volume? Anesth

Analg 2006; 102: 1680–1684.

208 Weintraud M, Marhofer P, Bosenberg A et

al. Ilioinguinal/iliohypogastric blocks in chil-

dren: where do we administer the local anes-

thetic without direct visualization? Anesth

Analg 2008; 106: 89–93,table of contents.

209 Dahl V, Raeder JC, Erno PE et al. Pre-emp-

tive effect of pre-incisional versus post-inci-

sional infiltration of local anaesthesia on

children undergoing hernioplasty. Acta Ana-

esthesiol Scand 1996; 40: 847–851.

210 Cnar SO, Kum U, Cevizci N et al. Effects

of levobupivacaine infiltration on postopera-

tive analgesia and stress response in children

following inguinal hernia repair. Eur J Ana-

esthesiol 2009; 26: 430–434.

211 Demiraran Y, Ilce Z, Kocaman B et al.

Does tramadol wound infiltration offer an

advantage over bupivacaine for postopera-

tive analgesia in children following herniot-

omy? Paediatr Anaesth 2006; 16: 1047–1050.

212 Hong JY, Won Han S, Kim WO et al. Fen-

tanyl sparing effects of combined ketorolac

and acetaminophen for outpatient inguinal

hernia repair in children. J Urol 2010; 183:

1551–1555.

213 Riad W, Moussa A. Pre-operative analgesia

with rectal diclofenac and/or paracetamol in

children undergoing inguinal hernia repair.

Anaesthesia 2007; 62: 1241–1245.

214 Gurnaney HG, Maxwell LG, Kraemer FW

et al. Prospective randomized observer-

blinded study comparing the analgesic effi-

cacy of ultrasound-guided rectus sheath

block and local anaesthetic infiltration for

umbilical hernia repair. Br J Anaesth 2011;

107: 790–795.

215 Clarke FK, Cassey JG. Paraumbilical block

for umbilical herniorraphy. ANZ J Surg

2007; 77: 659–661.

216 de Jose Maria B, Gotzens V, Mabrok M.

Ultrasound-guided umbilical nerve block in

children: a brief description of a new

approach. Paediatr Anaesth 2007; 17: 44–50.

217 Isaac LA, McEwen J, Hayes JA et al. A

pilot study of the rectus sheath block for

pain control after umbilical hernia repair.

Paediatr Anaesth 2006; 16: 406–409.

218 Willschke H, Bosenberg A, Marhofer P et

al. Ultrasonography-guided rectus sheath

block in paediatric anaesthesia – a new

approach to an old technique. Br J Anaesth

2006; 97: 244–249.

219 Bray R, Woodhams AM, Vallis CJ et al.. A

double-blind comparison of morphine infu-

sion and patient controlled analgesia in chil-

dren. Paediatr Anaesth 1996; 6: 121–127.

220 Peters J, Bandell Hoekstra I, Huijer Abu-

Saad H et al. Patient controlled analgesia in

children and adolescents: a randomized con-

trolled trial. Paediatr Anaesth 1999; 9: 235–

241.

221 Monitto C, Greenberg R, Kost-Byerly S et

al. The safety and efficacy of parent-/nurse-

controlled analgesia in patients less than six

years of age. Anesth Analg 2000; 91: 573–

579.

222 van Dijk M, Bouwmeester N, Duivenvoor-

den H et al. Efficacy of continuous versus

intermittent morphine administration after

major surgery in 0–3-year-old infants; a

double-blind randomized controlled trial.

Pain 2002; 98: 305–313.

223 Howard RF, Lloyd-Thomas A, Thomas M

et al. Nurse-controlled analgesia (NCA) fol-

lowing major surgery in 10,000 patients in a

children’s hospital. Paediatr Anaesth 2010;

20: 126–134.

224 Kart T, Walther-Larsen S, Svejborg T et al.

Comparison of continuous epidural infusion

of fentanyl and bupivacaine with intermit-

tent epidural administration of morphine

for postoperative pain management in chil-

dren. Acta Anaesthesiol Scand 1997; 41:

461–465.

225 Bosenberg A. Epidural analgesia for major

neonatal surgery. Paediatr Anaesth 1998; 8:

479–483.

226 Moriarty A. Postoperative extradural infu-

sions in children: preliminary data from a

comparison of bupivacaine/diamorphine

with plain ropivacaine. Paediatr Anaesth

1999; 9: 423–427.

227 Bosenberg AT, Cronje L, Thomas J et al.

Ropivacaine plasma levels and postoperative

analgesia in neonates and infants during 48–

72 h continuous epidural infusion following

major surgery. Paediatr Anaesth 2003; 13:

851–852.

228 Cucchiaro G, Dagher C, Baujard C et al.

Side-effects of postoperative epidural anal-

gesia in children: a randomized study com-

paring morphine and clonidine. Paediatr

Anaesth 2003; 13: 318–323.

229 Szabova A, Sadhasivam S, Wang Y et al.

Comparison of postoperative analgesia with

epidural butorphanol/bupivacaine versus

fentanyl/bupivacaine following pediatric

urological procedures. J Opioid Manag

2010; 6: 401–407.

230 Ivani G, Lampugnani E, De Negri P et al.

Ropivacaine vs bupivacaine in major sur-

gery in infants. Can J Anaesth 1999; 46:

467–469.

231 Bosenberg AT, Thomas J, Cronje L et al.

Pharmacokinetics and efficacy of ropiva-

caine for continuous epidural infusion in

neonates and infants. Paediatr Anaesth

2005; 15: 739–749.

232 Inanoglu K, Ozcengiz D, Gunes Y et al.

Epidural ropivacaine versus ropivacaine plus

tramadol in postoperative analgesia in chil-

dren undergoing major abdominal surgery:

a comparison. J Anesth 2010; 24: 700–704.

233 Klamt J, Garcia L, Stocche R et al. Epidu-

ral infusion of clonidine or clonidine plus

ropivacaine for postoperative analgesia in

children undergoing major abdominal sur-

gery. J Clin Anesth 2003; 15: 510–514.

234 Vetter TR, Carvallo D, Johnson JL et al. A

comparison of single-dose caudal clonidine,

morphine, or hydromorphone combined

with ropivacaine in pediatric patients under-

going ureteral reimplantation. Anesth Analg

2007; 104: 1356–1363.

235 El-Hennawy AM, Abd-Elwahab AM, Abd-

Elmaksoud AM et al. Addition of clonidine

or dexmedetomidine to bupivacaine pro-

longs caudal analgesia in children. Br J

Anaesth 2009; 103: 268–274.

236 Bozkurt P, Kaya G, Yeker Y. Single-injec-

tion lumbar epidural morphine for postop-

erative analgesia in children: a report of 175

cases. Reg Anesth 1997; 22: 212–217.

237 Kiffer F, Joly A, Wodey E et al. The effect

of preoperative epidural morphine on post-

operative analgesia in children. Anesth

Analg 2001; 93: 598–600.

238 Chabas E, Gomar C, Villalonga A et al.

Postoperative respiratory function in chil-

dren after abdominal surgery. A comparison

of epidural and intramuscular morphine

analgesia. Anaesthesia 1998; 53: 393–397.

239 Berta E, Spanhel J, Smakal O et al. Single

injection paravertebral block for renal sur-

gery in children. Paediatr Anaesth 2008; 18:

593–597.

240 Splinter WM, Thomson ME. Somatic par-

avertebral block decreases opioid require-

ments in children undergoing

appendectomy. Can J Anaesth 2010; 57:

206–210.

241 Fredrickson MJ, Seal P. Ultrasound-guided

transversus abdominis plane block for neo-

natal abdominal surgery. Anaesth Intensive

Care 2009; 37: 469–472.

242 Niraj G, Searle A, Mathews M et al. Anal-

gesic efficacy of ultrasound-guided transver-

sus abdominis plane block in patients

undergoing open appendicectomy. Br J Ana-

esth 2009; 103: 601–605.

243 Carney J, Finnerty O, Rauf J et al. Ipsilat-

eral transversus abdominis plane block pro-

vides effective analgesia after appendectomy

in children: a randomized controlled trial.

Anesth Analg 2010; 111: 998–1003.

244 Charlton S, Cyna AM, Middleton P et al.

Perioperative transversus abdominis plane

(TAP) blocks for analgesia after abdominal

surgery. Cochrane Database Syst Rev 2010;

Dec 8;(12): CD007705.

ª 2012 Blackwell Publishing Ltd, Pediatric Anesthesia, 22 (Suppl. 1), 1–79 61



245 Morton NS, O’Brien K. Analgesic efficacy

of paracetamol and diclofenac in children

receiving PCA morphine[see comment].Br J

Anaesth 1999; 82: 715–717.

246 Till H, Lochbuhler H, Lochbuhler H et al.

Patient controlled analgesia (PCA) in paedi-

atric surgery: a prospective study following

laparoscopic and open appendicectomy.

Paediatr Anaesth 1996; 6: 29–32.

247 Munro F, Fisher S, Dickson U et al. The

addition of antiemetics to the morphine

solution in patient controlled analgesia

syringes used by children after an appendi-

cectomy does not reduce the incidence of

postoperative nausea and vomiting. Paediatr

Anaesth 2002; 12: 600–603.

248 Dix P, Martindale S, Stoddart P. Double-

blind randomized placebo-controlled trial of

the effect of ketamine on postoperative mor-

phine consumption in children following

appendicectomy. Paediatr Anaesth 2003; 13:

422–426.

249 Yildiz K, Tercan E, Dogru K et al. Com-

parison of patient-controlled analgesia with

and without a background infusion after

appendicectomy in children. Paediatr Ana-

esth 2003; 13: 427–431.

250 Jensen SI, Andersen M, Nielsen J et al. Inci-

sional local anaesthesia versus placebo for

pain relief after appendectomy in children –

a double-blinded controlled randomised

trial. Eur J Pediatr Surg 2004; 14: 410–413.

251 Habre W, Wilson D, Johnson CM. Extrapy-

ramidal side-effects from droperidol mixed

with morphine for patient-controlled analge-

sia in two children. Paediatr Anaesth 1999;

9: 362–364.

252 Wright J. Controlled trial of wound infiltra-

tion with bupivacaine for postoperative pain

relief after appendicectomy in children. Br J

Surg 1993; 80: 110–111.

253 Ko CY, Thompson JEJr, Alcantara A et al.

Preemptive analgesia in patients undergoing

appendectomy. Arch Surg 1997; 132: 874–

877;discussion 877–878.

254 Edwards TJ, Carty SJ, Carr AS et al. Local

anaesthetic wound infiltration following pae-

diatric appendicectomy: a randomised con-

trolled trial: time to stop using local

anaesthetic wound infiltration following pae-

diatric appendicectomy? Int J Surg 2011; 9:

314–317.

255 Lohsiriwat V, Lert-akyamanee N, Rushat-

amukayanunt W. Efficacy of pre-incisional

bupivacaine infiltration on postoperative

pain relief after appendectomy: prospective

double-blind randomized trial. World J Surg

2004; 28: 947–950.

256 McNeely J, Farber N, Rusy L et al. Epidu-

ral analgesia improves outcome following

pediatric fundoplication. A retrospective

analysis. Reg Anesth 1997; 22: 16–23.

257 Lejus C, Surbled M, Schwoerer D et al.

Postoperative epidural analgesia with bupi-

vacaine and fentanyl: hourly pain assess-

ment in 348 paediatric cases. Paediatr

Anaesth 2001; 11: 327–332.

258 Wilson GA, Brown JL, Crabbe DG et al. Is

epidural analgesia associated with an

improved outcome following open Nissen

fundoplication? Paediatr Anaesth 2001; 11:

65–70.

259 Brenn B, Brislin R, Rose J. Epidural analge-

sia in children with cerebral palsy. Can J

Anaesth 1998; 45: 1156–1161.

260 Tsui B, Seal R, Koller J et al. Thoracic epi-

dural analgesia via the caudal approach in

pediatric patients undergoing fundoplication

using nerve stimulation guidance. Anesth

Analg 2001; 93: 1152–1155.

261 Dick AC, Coulter P, Hainsworth AM et al.

A comparative study of the analgesia

requirements following laparoscopic and

open fundoplication in children. J Laparoen-

dosc Adv Surg Tech A 1998; 8: 425–429.

262 McHoney M, Wade AM, Eaton S et al.

Clinical outcome of a randomized controlled

blinded trial of open versus laparoscopic

Nissen fundoplication in infants and chil-

dren. Ann Surg 2011; 254: 209–216.

263 Cho JE, Kim JY, Kim JE et al. Epidural

sufentanil provides better analgesia from

24 h after surgery compared with epidural

fentanyl in children. Acta Anaesthesiol

Scand 2008; 52: 1360–1363.

264 Ben-Meir D, Livne PM, Katz J et al. Con-

tinuous epidural versus nonepidural analge-

sia for post-pyeloplasty pain in children. J

Urol 2009; 182: 1841–1844.

265 Chamie K, Tanaka ST, Hu B et al. Short

stay pyeloplasty: variables affecting pain

and length of stay. J Urol 2008; 179: 1549–

1552.

266 Chamie K, Chi A, Hu B et al. Contempo-

rary open ureteral reimplantation without

morphine: assessment of pain and outcomes.

J Urol 2009; 182: 1147–1151.

267 Rowney DA, Aldridge LM. Laparoscopic

fundoplication in children: anaesthetic expe-

rience of 51 cases. Paediatr Anaesth 2000;

10: 291–296.

268 Sekaran P, MacKinlay GA, Lam J. Com-

parative evaluation of laparoscopic versus

open nephrectomy in children. Scott Med J

2006; 51: 15–17.

269 Caione P, Lais A, Nappo SG. One-port ret-

roperitoneoscopic assisted pyeloplasty versus

open dismembered pyeloplasty in young

children: preliminary experience. J Urol

2010; 184: 2109–2115.

270 Chertin B, Ben-Chaim J, Landau EH et al.

Pediatric transperitoneal laparoscopic par-

tial nephrectomy: comparison with an age-

matched group undergoing open surgery.

Pediatr Surg Int 2007; 23: 1233–1236.

271 Piaggio LA, Noh PH, Gonzalez R. Reoper-

ative laparoscopic pyeloplasty in children:

comparison with open surgery. J Urol 2007;

177: 1878–1882.

272 Ham WS, Im YJ, Jung HJ et al. Initial

experience with laparoendoscopic single-site

nephrectomy and nephroureterectomy in

children. Urology 2011; 77: 1204–1208.

273 Dick AC, Potts SR. Laparoscopic fundopli-

cation in children – an audit of fifty cases.

Eur J Pediatr Surg 1999; 9: 286–288.

274 Koivusalo AI, Korpela R, Wirtavuori K et

al. A single-blinded, randomized comparison

of laparoscopic versus open hernia repair in

children. Pediatrics 2009; 123: 332–337.

275 Woldrich JM, Holmes N, Palazzi-Churas K

et al. Comparison of laparoendoscopic sin-

gle-site, conventional laparoscopic, and

open nephrectomy in a pediatric population.

Urology 2011; 78: 74–77.

276 Smith RP, Oliver JL, Peters CA. Pediatric

robotic extravesical ureteral reimplantation:

comparison with open surgery. J Urol 2011;

185: 1876–1881.

277 Canon SJ, Jayanthi VR, Lowe GJ. Which is

better – retroperitoneoscopic or laparo-

scopic dismembered pyeloplasty in children?

J Urol 2007; 178: 1791–1795;discussion

1795.

278 Baez JJ, Luna CM, Mesples GF et al. Lapa-

roscopic transperitoneal and retroperitoneal

nephrectomies in children: a change of prac-

tice. J Laparoendosc Adv Surg Tech A 2010;

20: 81–85.

279 Dingemann J, Kuebler JF, Wolters M et al.

Perioperative analgesia strategies in fast-

track pediatric surgery of the kidney and

renal pelvis: lessons learned. World J Urol

2010; 28: 215–219.

280 Borkar J, Dave N. Analgesic efficacy of

caudal block versus diclofenac suppository

and local anesthetic infiltration following

pediatric laparoscopy. J Laparoendosc Adv

Surg Tech A 2005; 15: 415–418.

281 Sandeman DJ, Bennett M, Dilley AV et al.

Ultrasound-guided transversus abdominis

plane blocks for laparoscopic appendicec-

tomy in children: a prospective randomized

trial. Br J Anaesth 2011; 106: 882–886.

282 Freilich DA, Houck CS, Meier PM et al.

The effectiveness of aerosolized intraperito-

neal bupivacaine in reducing postoperative

pain in children undergoing robotic-assisted

laparoscopic pyeloplasty. J Pediatr Urol

2008; 4: 337–340.

283 Lako SJ, Steegers MA, van Egmond J et al.

Incisional continuous fascia iliaca block

provides more effective pain relief and fewer

side effects than opioids after pelvic osteoto-

my in children. Anesth Analg 2009; 109:

1799–1803.

284 Luhmann SJ, Schootman M, Schoenecker

PL et al. Use of femoral nerve blocks in

62 ª 2012 Blackwell Publishing Ltd, Pediatric Anesthesia, 22 (Suppl. 1), 1–79



adolescents undergoing patellar realignment

surgery. Am J Orthop (Belle Mead NJ)

2008; 37: 39–43.

285 Goodarzi M. Comparison of epidural mor-

phine, hydromorphone and fentanyl for

postoperative pain control in children

undergoing orthopaedic surgery. Paediatr

Anaesth 1999; 9: 419–422.

286 Lovstad R, Stoen R. Postoperative epidural

analgesia in children after major orthopae-

dic surgery. A randomised study of the

effect on PONV of two anaesthetic tech-

niques: low and high dose i.v. fentanyl and

epidural infusions with and without fenta-

nyl. Acta Anaesthesiol Scand 2001; 45: 482–

488.

287 Dadure C, Raux O, Gaudard P et al. Con-

tinuous psoas compartment blocks after

major orthopedic surgery in children: a pro-

spective computed tomographic scan and

clinical studies. Anesth Analg 2004; 98: 623–

628,table of contents.

288 Duflo F, Qamouss Y, Remond C et al.

Patient-controlled regional analgesia is effec-

tive in children: a preliminary report. Can J

Anaesth 2004; 51: 928–930.

289 Vas L. Continuous sciatic block for leg and

foot surgery in 160 children. Paediatr Ana-

esth 2005; 15: 971–978.

290 Dadure C, Bringuier S, Nicolas F et al.

Continuous epidural block versus continu-

ous popliteal nerve block for postoperative

pain relief after major podiatric surgery in

children: a prospective, comparative ran-

domized study. Anesth Analg 2006; 102:

744–749.

291 Ganesh A, Rose JB, Wells L et al. Continu-

ous peripheral nerve blockade for inpatient

and outpatient postoperative analgesia in

children. Anesth Analg 2007; 105: 1234–

1242,table of contents.

292 Ludot H, Berger J, Pichenot V et al. Con-

tinuous peripheral nerve block for postoper-

ative pain control at home: a prospective

feasibility study in children. Reg Anesth

Pain Med 2008; 33: 52–56.

293 Dadure C, Bringuier S, Raux O et al. Con-

tinuous peripheral nerve blocks for postop-

erative analgesia in children: feasibility and

side effects in a cohort study of 339 cathe-

ters. Can J Anaesth 2009; 56: 843–850.

294 Khoury CE, Dagher C, Ghanem I et al.

Combined regional and general anesthesia

for ambulatory peripheral orthopedic sur-

gery in children. J Pediatr Orthop B 2009;

18: 37–45.

295 Ponde VC, Desai AP, Shah DM et al. Fea-

sibility and efficacy of placement of continu-

ous sciatic perineural catheters solely under

ultrasound guidance in children: a

descriptive study. Paediatr Anaesth 2011; 21:

406–410.

296 Lovstad RZ, Halvorsen P, Raeder JC et al.

Post-operative epidural analgesia with low

dose fentanyl, adrenaline and bupivacaine in

children after major orthopaedic surgery. A

prospective evaluation of efficacy and side

effects. Eur J Anaesthesiol 1997; 14: 583–

589.

297 Bai SJ, Koo BN, Kim JH et al. Comparison

of continuous epidural and intravenous

analgesia for postoperative pain control in

pediatric lower extremity surgery. Yonsei

Med J 2004; 45: 789–795.

298 Eberson CP, Pacicca DM, Ehrlich MG. The

role of ketorolac in decreasing length of stay

and narcotic complications in the postopera-

tive pediatric orthopaedic patient. J Pediatr

Orthop 1999; 19: 688–692.

299 Hiller A, Meretoja OA, Korpela R et al.

The analgesic efficacy of acetaminophen, ke-

toprofen, or their combination for pediatric

surgical patients having soft tissue or ortho-

pedic procedures. Anesth Analg 2006; 102:

1365–1371.

300 Castillo-Zamora C, Castillo-Peralta LA,

Nava-Ocampo AA. Dose minimization

study of single-dose epidural morphine in

patients undergoing hip surgery under regio-

nal anesthesia with bupivacaine. Paediatr

Anaesth 2005; 15: 29–36.

301 Rodrigues MR, Paes FC, Duarte LT et al.

Postoperative analgesia for the surgical cor-

rection of congenital clubfoot: comparison

between peripheral nerve block and caudal

epidural block. Rev Bras Anestesiol 2009;

59: 684–693.

302 Omar AM, Mansour MA, Kamal AS. Psoas

compartment block for acute postoperative

pain management after hip surgery in pedi-

atrics: a comparative study with caudal

analgesia. Reg Anesth Pain Med 2011; 36:

121–124.

303 Duflo F, Sautou-Miranda V, Pouyau A et

al. Efficacy and plasma levels of ropivacaine

for children: controlled regional analgesia

following lower limb surgery. Br J Anaesth

2006; 97: 250–254.

304 Farid IS, Heiner EJ, Fleissner PR. Compari-

son of femoral nerve block and fascia iliaca

block for analgesia following reconstructive

knee surgery in adolescents. J Clin Anesth

2010; 22: 256–259.

305 van Geffen GJ, Pirotte T, Gielen MJ et al.

Ultrasound-guided proximal and distal sci-

atic nerve blocks in children. J Clin Anesth

2010; 22: 241–245.

306 Antok E, Bordet F, Duflo F et al. Patient-

controlled epidural analgesia versus continu-

ous epidural infusion with ropivacaine for

postoperative analgesia in children. Anesth

Analg 2003; 97: 1608–1611.

307 Kay RM, Leathers M, Directo MP et al.

Perioperative ketorolac use in children

undergoing lower extremity osteotomies. J

Pediatr Orthop 2011; 31: 783–786.

308 Fisher W, Bingham R, Hall R. Axillary bra-

chial plexus block for perioperative analge-

sia in 250 children. Paediatr Anaesth 1999;

9: 435–438.

309 Altintas F, Bozkurt P, Ipek N et al. The

efficacy of pre- versus postsurgical axillary

block on postoperative pain in paediatric

patients. Paediatr Anaesth 2000; 10: 23–28.

310 Pande R, Pande M, Bhadani U et al. Supra-

clavicular brachial plexus block as a sole

anaesthetic technique in children: an analy-

sis of 200 cases. Anaesthesia 2000; 55: 798–

802.

311 Fleischmann E, Marhofer P, Greher M et

al. Brachial plexus anaesthesia in children:

lateral infraclavicular vs axillary approach.

Paediatr Anaesth 2003; 13: 103–

108.

312 Thornton KL, Sacks MD, Hall R et al.

Comparison of 0.2% ropivacaine and

0.25% bupivacaine for axillary brachial

plexus blocks in paediatric hand surgery.

Paediatr Anaesth 2003; 13: 409–412.

313 de Jose Maria B, Tielens LK. Vertical in-

fraclavicular brachial plexus block in chil-

dren: a preliminary study. Paediatr Anaesth

2004; 14: 931–935.

314 Ponde V, Athani B, Thruppal S. Infraclavic-

ular coracoid approach brachial plexus

block for radial club hand repair. Paediatr

Anaesth 2007; 17: 863–866.

315 Ponde VC. Continuous infraclavicular bra-

chial plexus block: a modified technique to

better secure catheter position in infants and

children. Anesth Analg 2008; 106: 94–96.

316 Carre P, Joly A, Cluzel Field B et al. Axil-

lary block in children: single or multiple

injection? Paediatr Anaesth 2000; 10: 35–39.

317 De Windt AC, Asehnoune K, Roquilly A et

al. An opioid-free anaesthetic using nerve

blocks enhances rapid recovery after minor

hand surgery in children. Eur J Anaesthesiol

2010; 27: 521–525.

318 Milbrandt TA, Singhal M, Minter C et al.

A comparison of three methods of pain con-

trol for posterior spinal fusions in adoles-

cent idiopathic scoliosis. Spine (Phila Pa

1976) 2009; 34: 1499–1503.

319 Blumenthal S, Borgeat A, Nadig M et al.

Postoperative analgesia after anterior cor-

rection of thoracic scoliosis: a prospective

randomized study comparing continuous

double epidural catheter technique with

intravenous morphine. Spine 2006; 31:

1646–1651.

320 Gauger VT, Voepel-Lewis TD, Burke CN et

al. Epidural analgesia compared with intra-

venous analgesia after pediatric posterior

spinal fusion. J Pediatr Orthop 2009; 29:

588–593.

ª 2012 Blackwell Publishing Ltd, Pediatric Anesthesia, 22 (Suppl. 1), 1–79 63



321 Taenzer AH, Clark C, Taenzer AH et al.

Efficacy of postoperative epidural analgesia

in adolescent scoliosis surgery: a meta-anal-

ysis. Paediatr Anaesth 2010; 20: 135–143.

322 Lavelle ED, Lavelle WF, Goodwin R et al.

Epidural analgesia for postoperative pain

control after adolescent spinal fusion proce-

dures which violated the epidural space. J

Spinal Disord Tech 2010; 23: 347–350.

323 Goodarzi M. The advantages of intrathecal

opioids for spinal fusion in children. Paedi-

atr Anaesth 1998; 8: 131–134.

324 Gall O, Aubineau J, Berniere J et al. Anal-

gesic effect of low-dose intrathecal morphine

after spinal fusion in children. Anesthesiol-

ogy 2001; 94: 447–452.

325 Eschertzhuber S, Hohlrieder M, Keller C et

al. Comparison of high- and low-dose intra-

thecal morphine for spinal fusion in chil-

dren. Br J Anaesth 2008; 100: 538–543.

326 Tripi PA, Poe-Kochert C, Potzman J et al.

Intrathecal morphine for postoperative anal-

gesia in patients with idiopathic scoliosis

undergoing posterior spinal fusion. Spine

(Phila Pa 1976) 2008; 33: 2248–2251.

327 Tobias JD, Gaines RW, Lowry KJ et al. A

dual epidural catheter technique to provide

analgesia following posterior spinal fusion

for scoliosis in children and adolescents.

Paediatr Anaesth 2001; 11: 199–203.

328 Ekatodramis G, Min K, Cathrein P et al.

Use of a double epidural catheter provides

effective postoperative analgesia after spine

deformity surgery. Can J Anaesth 2002; 49:

173–177.

329 Blumenthal S, Min K, Nadig M et al. Dou-

ble epidural catheter with ropivacaine versus

intravenous morphine: a comparison for

postoperative analgesia after scoliosis cor-

rection surgery. Anesthesiology 2005; 102:

175–180.

330 Cassady JJ, Lederhaas G, Cancel D et al. A

randomized comparison of the effects of

continuous thoracic epidural analgesia and

intravenous patient-controlled analgesia

after posterior spinal fusion in adolescents.

Reg Anesth Pain Med 2000; 25: 246–253.

331 O’Hara JFJr, Cywinski JB, Tetzlaff JE et al.

The effect of epidural vs intravenous analge-

sia for posterior spinal fusion surgery. Pae-

diatr Anaesth 2004; 14: 1009–1015.

332 Arms D, Smith J, Osteyee J et al. Postoper-

ative epidural analgesia for pediatric spine

surgery. Orthopedics 1998; 21: 539–544.

333 Sucato DJ, Duey-Holtz A, Elerson E et al.

Postoperative analgesia following surgical

correction for adolescent idiopathic scolio-

sis: a comparison of continuous epidural

analgesia and patient-controlled analgesia.

Spine 2005; 30: 211–217.

334 Poe-Kochert C, Tripi PA, Potzman J et al.

Continuous intravenous morphine infusion

for postoperative analgesia following poster-

ior spinal fusion for idiopathic scoliosis.

Spine 2010; 35: 754–757.

335 Goodarzi M, Shier NH, Grogan DP. Effect

of intrathecal opioids on somatosensory-

evoked potentials during spinal fusion in

children. Spine 1996; 21: 1565–1568.

336 Shaw B, Watson T, Merzel D et al. The

safety of continuous epidural infusion for

postoperative analgesia in pediatric spine

surgery. J Pediatr Orthop 1996; 16: 374–377.

337 Turner A, Lee J, Mitchell R et al. The effi-

cacy of surgically placed epidural catheters

for analgesia after posterior spinal surgery.

Anaesthesia 2000; 55: 370–373.

338 Lowry KJ, Tobias J, Kittle D et al. Postop-

erative pain control using epidural catheters

after anterior spinal fusion for adolescent

scoliosis. Spine 2001; 26: 1290–1293.

339 Saudan S, Habre W, Ceroni D et al. Safety

and efficacy of patient controlled epidural

analgesia following pediatric spinal surgery.

Paediatr Anaesth 2008; 18: 132–139.

340 Vitale MG, Choe JC, Hwang MW et al.

Use of ketorolac tromethamine in children

undergoing scoliosis surgery. an analysis of

complications. Spine J 2003; 3: 55–62.

341 Rusy LM, Hainsworth KR, Nelson TJ et al.

Gabapentin use in pediatric spinal fusion

patients: a randomized, double-blind, con-

trolled trial. Anesth Analg 2010; 110: 1393–

1398.

342 Engelhardt T, Zaarour C, Naser B et al. In-

traoperative low-dose ketamine does not

prevent a remifentanil-induced increase in

morphine requirement after pediatric scolio-

sis surgery. Anesth Analg 2008; 107: 1170–

1175.

343 Rubin K, Sullivan D, Sadhasivam S. Are

peripheral and neuraxial blocks with ultra-

sound guidance more effective and safe in

children?Paediatr Anaesth 2009; 19: 92–96.

344 Prabhu K, Wig J, Grewal S. Bilateral infra-

orbital nerve block is superior to peri-inci-

sional infiltration for analgesia after repair

of cleft lip. Scand J Plast Reconstr Surg

Hand Surg 1999; 33: 83–87.

345 Eipe N, Choudhrie A, Pillai AD et al.

Regional anesthesia for cleft lip repair: a

preliminary study. Cleft Palate Craniofac J

2006; 43: 138–141.

346 Takmaz SA, Uysal HY, Uysal A et al.

Bilateral extraoral, infraorbital nerve block

for postoperative pain relief after cleft lip

repair in pediatric patients: a randomized,

double-blind controlled study. Ann Plast

Surg 2009; 63: 59–62.

347 Simion C, Corcoran J, Iyer A et al. Postop-

erative pain control for primary cleft lip

repair in infants: is there an advantage in

performing peripheral nerve blocks?

Paediatr Anaesth 2008; 18: 1060–1065.

348 Rajamani A, Kamat V, Rajavel VP et al. A

comparison of bilateral infraorbital nerve

block with intravenous fentanyl for analge-

sia following cleft lip repair in children. Pae-

diatr Anaesth 2007; 17: 133–139.

349 Jonnavithula N, Durga P, Kulkarni DK et

al. Bilateral intra-oral, infra-orbital nerve

block for postoperative analgesia following

cleft lip repair in paediatric patients: com-

parison of bupivacaine vs bupivacaine-pethi-

dine combination. Anaesthesia 2007; 62:

581–585.

350 Mane RS, Sanikop CS, Dhulkhed VK et al.

Comparison of bupivacaine alone and in

combination with fentanyl or pethidine for

bilateral infraorbital nerve block for postop-

erative analgesia in paediatric patients for

cleft lip repair: a prospective randomized

double blind study. J Anaesthesiol Clin

Pharmacol 2011; 27: 23–26.

351 Jindal P, Khurana G, Dvivedi S et al. Intra

and postoperative outcome of adding cloni-

dine to bupivacaine in infraorbital nerve

block for young children undergoing cleft

lip surgery. Saudi J Anaesth 2011; 5: 289–

294.

352 Coban YK, Senoglu N, Oksuz H. Effects of

preoperative local ropivacaine infiltration on

postoperative pain scores in infants and

small children undergoing elective cleft pal-

ate repair. J Craniofac Surg 2008; 19: 1221–

1224.

353 Obayah GM, Refaie A, Aboushanab O et

al. Addition of dexmedetomidine to bupiva-

caine for greater palatine nerve block pro-

longs postoperative analgesia after cleft

palate repair. Eur J Anaesthesiol 2010; 27:

280–284.

354 Mesnil M, Dadure C, Captier G et al. A

new approach for peri-operative analgesia

of cleft palate repair in infants: the bilateral

suprazygomatic maxillary nerve block. Pae-

diatr Anaesth 2010; 20: 343–349.

355 Sylaidis P, O’Neill T. Diclofenac analgesia

following cleft palate surgery. Cleft Palate

Craniofac J 1998; 35: 544–545.

356 Dawson KH, Egbert MA, Myall RW. Pain

following iliac crest bone grafting of alveo-

lar clefts. J Craniomaxillofac Surg 1996; 24:

151–154.

357 Sbitany H, Koltz PF, Waldman J et al.

Continuous bupivacaine infusion in iliac

bone graft donor sites to minimize pain and

hospitalization. Cleft Palate Craniofac J

2010; 47: 293–296.

358 Dashow JE, Lewis CW, Hopper RA et al.

Bupivacaine administration and postopera-

tive pain following anterior iliac crest bone

graft for alveolar cleft repair. Cleft Palate

Craniofac J 2009; 46: 173–178.

359 Cregg N, Conway F, Casey W. Analgesia

after otoplasty: regional nerve blockade vs

local anaesthetic infiltration of the ear. Can

J Anaesth 1996; 43: 141–147.

64 ª 2012 Blackwell Publishing Ltd, Pediatric Anesthesia, 22 (Suppl. 1), 1–79



360 Shayevitz JR, Merkel S, O’Kelly SW et al.

Lumbar epidural morphine infusions for

children undergoing cardiac surgery. J Car-

diothorac Vasc Anesth 1996; 10: 217–224.

361 Hammer GB, Ngo K, Macario A. A retro-

spective examination of regional plus gen-

eral anesthesia in children undergoing open

heart surgery. Anesth Analg 2000; 90: 1020–

1024.

362 Peterson K, DeCampli W, Pike N et al.

A report of two hundred twenty cases of

regional anesthesia in pediatric cardiac

surgery. Anesth Analg 2000; 90: 1014–

1019.

363 Finkel J, Boltz M, Conran A. The effect of

baricity of intrathecal morphine in children

receiving tetracaine spinal anaesthesia for

cardiac surgery: a preliminary report. Paedi-

atr Anaesth 2002; 12: 327–331.

364 Pirat A, Akpek E, Arslan G. Intrathecal

versus IV fentanyl in pediatric cardiac anes-

thesia. Anesth Analg 2002; 95: 1207–

1214,table of contents.

365 Suominen P, Ragg P, McKinley D et al.

Intrathecal morphine provides effective and

safe analgesia in children after cardiac sur-

gery. Acta Anaesthesiol Scand 2004; 48:

875–882.

366 Hammer GB, Ramamoorthy C, Cao H et

al. Postoperative analgesia after spinal

blockade in infants and children undergoing

cardiac surgery. Anesth Analg 2005; 100:

1283–1288,table of contents.

367 Leyvi G, Taylor DG, Reith E et al. Caudal

anesthesia in pediatric cardiac surgery: does

it affect outcome? J Cardiothorac Vasc

Anesth 2005; 19: 734–738.

368 Thammasitboon S, Rosen DA, Lutfi R et

al. An institutional experience with epidural

analgesia in children and young adults

undergoing cardiac surgery. Paediatr Ana-

esth 2010; 20: 720–726.

369 Chu YC, Lin SM, Hsieh YC et al. Intraop-

erative administration of tramadol for post-

operative nurse-controlled analgesia resulted

in earlier awakening and less sedation than

morphine in children after cardiac surgery.

Anesth Analg 2006; 102: 1668–1673.

370 Rosen DA, Hawkinberry DW2nd, Rosen

KR et al. An epidural hematoma in an ado-

lescent patient after cardiac surgery. Anesth

Analg 2004; 98: 966–969,table of contents.

371 Gupta A, Daggett C, Drant S et al. Pro-

spective randomized trial of ketorolac after

congenital heart surgery. J Cardiothorac

Vasc Anesth 2004; 18: 454–457.

372 Birmingham P, Wheeler M, Suresh S et al.

Patient-controlled epidural analgesia in chil-

dren: can they do it? Anesth Analg 2003; 96:

686–691.

373 Lin Y, Sentivany-Collins S, Peterson K et

al. Outcomes after single injection caudal

epidural versus continuous infusion epidural

via caudal approach for postoperative anal-

gesia in infants and children undergoing

patent ductus arteriosus ligation. Paediatr

Anaesth 1999; 9: 139–143.

374 Bozkurt P, Kaya G, Yeker Y et al. Effec-

tiveness of morphine via thoracic epidural

vs intravenous infusion on postthoracotomy

pain and stress response in children. Paedi-

atr Anaesth 2004; 14: 748–754.

375 Ioscovich A, Briskin A, Deeb M et al. One

shot spinal morphine injection for posttho-

racotomy pain control in children [4]. Paedi-

atr Anaesth 2004; 14: 971–972.

376 Karmakar M, Booker P, Franks R et al.

Continuous extrapleural paravertebral infu-

sion of bupivacaine for post-thoracotomy

analgesia in young infants. Br J Anaesth

1996; 76: 811–815.

377 Cheung S, Booker P, Franks R et al. Serum

concentrations of bupivacaine during pro-

longed continuous paravertebral infusion in

young infants. Br J Anaesth 1997; 79: 9–13.

378 Downs C, Cooper M. Continuous extraple-

ural intercostal nerve block for post thora-

cotomy analgesia in children. Anaesth

Intensive Care 1997; 25: 390–397.

379 Karmakar MK, Booker PD, Franks R.

Bilateral continuous paravertebral block

used for postoperative analgesia in an infant

having bilateral thoracotomy. Paediatr Ana-

esth 1997; 7: 469–471.

380 Shah R, Sabanathan S, Richardson J et al.

Continuous paravertebral block for post

thoracotomy analgesia in children. J Cardio-

vasc Surg (Torino) 1997; 38: 543–546.

381 Karmakar M, Critchley L. Continuous ex-

trapleural intercostal nerve block for post

thoracotomy analgesia in children. Anaesth

Intensive Care 1998; 26: 115–116.

382 Gibson MP, Vetter T, Crow JP. Use of con-

tinuous retropleural bupivacaine in postop-

erative pain management for pediatric

thoracotomy. J Pediatr Surg 1999; 34: 199–

201.

383 Matsota P, Livanios S, Marinopoulou E.

Intercostal nerve block with Bupivacaine for

post-thoracotomy pain relief in children.

Eur J Pediatr Surg 2001; 11: 219–222.

384 Lynn AM, Nespeca MK, Bratton SL et al.

Ventilatory effects of morphine infusions in

cyanotic versus acyanotic infants after tho-

racotomy. Paediatr Anaesth 2003; 13: 12–17.

385 Morton N, Errera A. APA national audit of

pediatric opioid infusions. Pediatr Anesth

2010; 20: 119–125.

386 Klimek M, Ubben JF, Ammann J et al.

Pain in neurosurgically treated patients: a

prospective observational study. J Neurosurg

2006; 104: 350–359.

387 Teo JH, Palmer GM, Davidson AJ. Post-

craniotomy pain in a paediatric population.

Anaesth Intensive Care 2011; 39: 89–94.

388 Warren DT, Bowen-Roberts T, Ou C et al.

Safety and efficacy of continuous morphine

infusions following pediatric cranial surgery

in a surgical ward setting. Childs Nerv Syst

2010; 26: 1535–1541.

389 Ou CHK, Kent SK, Hammond AM et al.

Morphine infusions after pediatric cranial

surgery: a retrospective analysis of safety

and efficacy. Can J Neurosci Nurs 2008; 30:

21–30.

390 Chiaretti A, Viola L, Pietrini D et al. Pre-

emptive analgesia with tramadol and fenta-

nyl in pediatric neurosurgery. Childs Nerv

Syst 2000; 16: 93–99;discussion 100.

391 Chiaretti A, Genovese O, Antonelli A et al.

Patient-controlled analgesia with fentanil

and midazolam in children with postopera-

tive neurosurgical pain. Childs Nerv Syst

2008; 24: 119–124.

392 McEwan A, Sigston PE, Andrews KA et al.

A comparison of rectal and intramuscular

codeine phosphate in children following

neurosurgery. Paediatr Anaesth 2000; 10:

189–193.

ª 2012 Blackwell Publishing Ltd, Pediatric Anesthesia, 22 (Suppl. 1), 1–79 65



Section 6.0

Analgesia

Contents

6.1 Analgesia

6.2 Local anesthetics

6.2.1 Bupivacaine, levobupivacaine, ropivacaine

6.2.2 Lidocaine, Prilocaine and EMLA

6.2.3 Tetracaine (amethocaine) and Ametop

6.3 Neuraxial analgesics

6.3.1 Ketamine and clonidine

6.4 Opioids

6.4.1 Opioid preparations, dosages and routes

6.4.2 Opioid toxicity and side effects

6.5 Nonsteroidal anti-inflammatory drugs (NSAIDs)

6.5.1 NSAID preparations, dose and routes

6.5.2 NSAID toxicity and side effects

6.6 Paracetamol

6.6.1 Paracetamol preparations, doses and routes

6.6.2 Paracetamol toxicity and side effects

6.7 Nitrous oxide (N2O)

6.7.1 Preparations, dosage and administration

6.7.2 Side effects and toxicity

6.8 Sucrose

6.8.1 Sucrose dosage and administration

6.8.2 Sucrose side effects and toxicity

6.9 Nonpharmacological strategies

6.1 Analgesia

This section describes some of the important proper-

ties, dosing regimens, interactions, and adverse effects

of analgesics for acute pain in children.

Local anesthetics, opioids, NSAIDs, and paracetamol

form the pharmacological basis for the majority of anal-

gesic regimens. Ketamine, a dissociative anesthetic with

analgesic properties and clonidine, an alpha-2-agonist,

are used to provide systemic or neuraxial analgesia

alone or as adjuncts to other agents. For painful proce-

dures, inhaled nitrous oxide has an important role, and

in neonatology intra-oral sucrose solution is used. The

availability of specific opioids, NSAIDs, and local anes-

thetics can vary from country to country.

The detailed pharmacology and formulations of

these drugs are available in standard textbooks. For

more comprehensive prescribing information, summa-

ries of product characteristics, and license status of

specific agents for children in the UK, please consult

resources such as the British National Formulary for

Children (2012) available at http://bnfc.org/bnfc and

the Electronic Medicines Compendium available at

http://emc.medicines.org.uk/.

6.2 Local anesthetics

Most widely used local anesthetics are amides with the

exception of tetracaine (amethocaine), which is an ester

(1–4). They all act by reversibly blocking sodium chan-

nels in nerves. They vary in onset, potency, potential for

toxicity, and duration of effect. Formulations are avail-

able for topical application to mucosae or intact skin,

for local installation or infiltration, for peripheral nerve

or plexus blockade, for epidural injection or infusion,

and for subarachnoid administration. Vasoconstrictors

may be added to reduce the systemic absorption of local

anesthetic and to prolong the neural blockade. Neuraxi-

al analgesics such as the a-2-agonist clonidine, the phen-
cyclidine derivative ketamine, or opioids such as

fentanyl may be co-administered with the local anes-

thetic to prolong the effect of central nerve blocks.

6.2.1 Bupivacaine, levobupivacaine, and ropiva-
caine

(i) Preparations and routes

Bupivacaine is an amide LA with a slow onset and a

long duration of action, which may be prolonged by

the addition of a vasoconstrictor. It is used mainly for

infiltration anesthesia and regional nerve blocks, par-

ticularly epidural block, but is contraindicated for

intravenous regional anesthesia (Bier’s block). Bupiva-

caine is a racemic mixture but the S())-isomer

levobupivacaine is also commonly used. A carbonated

solution of bupivacaine, with faster onset of action, is

also available for injection in some countries. Bupiva-

caine is used in solutions containing the equivalent of
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0.0625–0.75% (0.625–7.5 mg ml)1). In recommended

doses, bupivacaine produces complete sensory block-

ade, and the extent of motor blockade depends on

concentration. Solutions of 0.0625% or 0.125% are

associated with a very low incidence of motor block, a

0.25% solution generally produces incomplete motor

block, a 0.5% solution will usually produce more

extensive motor block, and complete motor block and

muscle relaxation can be achieved with a 0.75% solu-

tion. Hyperbaric solutions of 0.5% bupivacaine may

be used for spinal intrathecal block.

Levobupivacaine is the S-enantiomer of bupivacaine,

and it is equipotent but toxicity is slightly less. It is

available in the same concentrations as bupivacaine

and is used for similar indications; like bupivacaine, it

is contraindicated for use in intravenous regional anes-

thesia (Bier’s block).

Ropivacaine is an amide LA with an onset and dura-

tion of sensory block that is generally similar to that

obtained with bupivacaine but motor block may be

slower in onset, shorter in duration, and less intense. It

is available in solutions of 0.2%, 0.75%, and 1%.

(ii) Dosage, side effects, and toxicity

The dosage of bupivacaine, levobupivacaine, and ropiva-

caine depends on the site of injection, the procedure,

and the status of the patient: suggested maxima are

given in Table 6.2.1. A test dose may help to detect

inadvertent intravascular injection, and doses should

be given in small increments. Slow accumulation

occurs with repeat administration and continuous infu-

sions, especially in neonates.

Table 6.2.1 Suggested maximum dosages of bupivacaine, levobupi-

vacaine, and ropivacaine

Single bolus injection Maximum dosage (mgÆkg)1)

Neonates 2

Children 2.5

Continuous infusion

(postoperative use)

Maximum infusion rate (mgÆkg)1Æh)1)

Neonates 0.2

Children 0.4

Bupivacaine is 95% bound to plasma proteins with

a half-life of 1.5–5.5 h in adults and 8 h in neonates. It

is metabolized in the liver and is excreted in the urine

mainly as metabolites with only 5–6% as unchanged

drug. Bupivacaine is distributed into breast milk in

small quantities. It crosses the placenta but the ratio of

fetal concentrations to maternal concentrations is rela-

tively low. Bupivacaine also diffuses into the CSF.

The toxic threshold for bupivacaine is in the plasma

concentration range of 2–4 mgÆml)1. The two major

binding proteins for bupivacaine in the blood are a1-
acid glycoprotein, the influence of which is predomi-

nant at low concentrations, and albumin, which plays

the major role at high concentrations. Reduction in

pH from 7.4 to 7.0 decreases the affinity of the a1-acid
glycoprotein for bupivacaine but has no effect on albu-

min affinity. For epidural infusion techniques in neo-

nates, the reduced hepatic clearance of amide local

anesthetics is the more important factor causing accu-

mulation of bupivacaine than reduced protein binding

capacity, particularly as protein levels tend to increase

in response to surgery.

Bupivacaine is more cardio toxic than other amide

local anesthetics and there is an increased risk of myo-

cardial depression in overdose and when bupivacaine

and antiarrhythmics are given together. Propranolol

reduces the clearance of bupivacaine. Levobupivacaine

is slightly less cardio toxic and therefore safer but

maximum recommended doses are similar to those of

buivacaine.

Ropivacaine is about 94% bound to plasma proteins.

The terminal elimination half-life is around 1.8 h, and

it is extensively metabolized in the liver by the cyto-

chrome P450 isoenzyme CYP1A2. Prolonged use of

ropivacaine should be avoided in patients treated with

potent CYP1A2 inhibitors, such as the selective seroto-

nin reuptake inhibitor (SSRI) fluvoxamine. Plasma

concentrations of ropivacaine may be reduced by

enzyme-inducing drugs such as rifampicin. Metabolites

are excreted mainly in the urine; about 1% of a dose

is excreted as unchanged drug. Some metabolites also

have a local anesthetic effect but less than that of ropi-

vacaine. Ropivacaine crosses the placenta.

6.2.2 Lidocaine, prilocaine, and EMLA

(i) Preparations

Lidocaine is an amide LA, which is used for infiltration

anesthesia and regional nerve blocks. It has a rapid

onset of action and anesthesia is obtained within a few

minutes; it has an intermediate duration of action. The

addition of a vasoconstrictor reduces systemic absorp-

tion and increases both the speed of onset and the

duration of action. Lidocaine is a useful surface anes-

thetic but it may be rapidly and extensively absorbed

following topical application to mucous membranes,

and systemic effects may occur. Hyaluronidase may
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enhance systemic absorption. Lidocaine is included in

some injections, such as depot corticosteroids, to pre-

vent pain and itching caused by local irritation.

Prilocaine is an amide local anesthetic with a similar

potency to lidocaine. However, it has a slower onset of

action, less vasodilator activity, and a slightly longer

duration of action; it is also less toxic. Prilocaine is

used for infiltration anesthesia and nerve blocks in

solutions of 0.5%, 1%, and 2%. A 1% or 2% solution

is used for epidural anesthesia; for intravenous regio-

nal anesthesia, 0.5% solutions are used. For dental

procedures, a 3% solution with the vasoconstrictor

felypressin or a 4% solution without is used. A 4%

solution with epinephrine (1 in 200 000) is also used

for dentistry in some countries. Carbonated solutions

of prilocaine have also been used for epidural and bra-

chial plexus nerve blocks. Prilocaine is used for surface

anesthesia in a eutectic mixture with lidocaine EMLA.

(ii) Doses, side effects, and toxicity

The dose of lidocaine depends on the site of injection

and the procedure but in general, the maximum dose

should not exceed 3 mgÆkg)1 (maximum 200 mg)

unless vasoconstrictor is also used. Lidocaine hydro-

chloride solutions containing epinephrine (1 in

200 000) for infiltration anesthesia and nerve blocks

are available; higher concentrations of epinephrine are

seldom necessary, except in dentistry, where solutions

of lidocaine hydrochloride with epinephrine 1 in

80 000 are traditionally used. The maximum dose of

epinephrine should be 5 microgm/kg)1 and of lidocaine

5 mgÆkg)1. Epinephrine-containing solutions should

not be used near extremities such as for digital or

penile blocks. Lidocaine may be used in a variety of

formulations for surface anesthesia. Lidocaine oint-

ment is used for anesthesia of skin and mucous mem-

branes. Gels are used for anesthesia of the urinary

tract and for analgesia of aphthous ulcers. Topical

solutions are used for surface anesthesia of mucous

membranes of the mouth, throat, and upper gastroin-

testinal tract. For painful conditions of the mouth and

throat, a 2% solution may be used or a 10% spray

can be applied to mucous membranes. Eye drops con-

taining lidocaine hydrochloride 4% with fluorescein

are used in tonometry. Other methods of dermal deliv-

ery include a transdermal patch of lidocaine 5% for

the treatment of pain associated with postherpetic neu-

ralgia and an iontophoretic drug delivery system incor-

porating lidocaine and epinephrine.

Lidocaine is bound to plasma proteins, including a1-
acid glycoprotein (AAG). The extent of binding is var-

iable but is about 66%. Plasma protein binding of

lidocaine depends in part on the concentrations of

both lidocaine and AAG. Any alteration in the con-

centration of AAG can greatly affect plasma concen-

trations of lidocaine. Plasma concentrations decline

rapidly after an intravenous dose with an initial half-

life of <30 min; the elimination half-life is 1–2 h but

may be prolonged if infusions are given for longer

than 24 h or if hepatic blood flow is reduced. Lido-

caine is largely metabolized in the liver, and any alter-

ation in liver function or hepatic blood flow can have

a significant effect on its pharmacokinetics and dosage

requirements. First-pass metabolism is extensive and

bioavailability is about 35% after oral doses. Metabo-

lism in the liver is rapid and about 90% of a given

dose is dealkylated to form monoethylglycinexylidide

and glycinexylidide. Both of these metabolites may

contribute to the therapeutic and toxic effects of lido-

caine and because their half-lives are longer than that

of lidocaine, accumulation, particularly of glycinexyli-

dide, may occur during prolonged infusions. Further

metabolism occurs and metabolites are excreted in the

urine with <10% of unchanged lidocaine. Reduced

clearance of lidocaine has been found in patients with

heart failure or severe liver disease. Drugs that alter

hepatic blood flow or induce drug-metabolizing micro-

somal enzymes can also affect the clearance of lido-

caine. Renal impairment does not affect the clearance

of lidocaine but accumulation of its active metabolites

can occur. Lidocaine crosses the placenta and blood–

brain barrier; it is distributed into breast milk.

Lidocaine is considered to be unsafe in patients with

porphyria because it has been shown to be porphyrino-

genic in animals.

The clearance of lidocaine may be reduced by pro-

pranolol and cimetidine. The cardiac depressant effects

of lidocaine are additive with those of beta blockers

and of other antiarrhythmics. Additive cardiac effects

may also occur when lidocaine is given with intrave-

nous phenytoin, mexilitene, or amiodarone; however,

the long-term use of phenytoin and other enzyme in-

ducers such as barbiturates may increase dosage

requirements of lidocaine. Hypokalaemia produced by

acetazolamide, loop diuretics, and thiazides antago-

nizes the effect of lidocaine.

Prilocaine dosage for children over 6 months of age

is up to 5 mgÆkg)1. For dental infiltration or dental

nerve blocks, the 4% solution with epinephrine

(1:200 000) is often used. Children under 10 years gen-

erally require about 40 mg (1 ml). The dose of prilo-

caine hydrochloride with felypressin 0.03 international

unitsÆml)1 as a 3% solution for children under 10 years

is 30–60 mg (1–2 ml).
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Prilocaine has relatively low toxicity compared with

most amide-type local anesthetics. It is 55% bound to

plasma proteins and is rapidly metabolized mainly in

the liver and kidneys and is excreted in the urine. One

of the principal metabolites is o-toluidine, which is

believed to cause the methemoglobinemia observed

after large doses. It crosses the placenta and dur-

ing prolonged epidural anesthesia may produce

methemoglobinemia in the fetus. It is distributed into

breast milk. The peak serum concentration of prilo-

caine associated with CNS toxicity is 20 mgÆml)1.

Symptoms usually occur when doses of prilocaine

hydrochloride exceed about 8 mgÆkg)1 but the very

young may be more susceptible. Methemoglobinemia

has been observed in neonates whose mothers received

prilocaine shortly before delivery and it has also been

reported after prolonged topical application of a prilo-

caine/lidocaine eutectic mixture in children. Methemo-

globinemia may be treated by giving oxygen followed,

if necessary, by IV methylthioninium chloride.

Prilocaine should be used with caution in patients

with anemia, congenital or acquired methemoglobine-

mia, cardiac or ventilatory failure, or hypoxia. Prilo-

caine has been associated with acute attacks of

porphyria and is considered unsafe in porphyric

patients. Methemoglobinemia may occur at lower

doses of prilocaine in patients receiving therapy with

other drugs known to cause such conditions (e.g., sulf-

onamides such as sulfamethoxazole in co-trimoxazole).

(iii) EMLA

Lidocaine forms a mixture with prilocaine that has a

melting point lower than that of either ingredient. This

eutectic mixture containing lidocaine 2.5% and prilo-

caine 2.5% can produce local anesthesia when applied

to intact skin as a cream. It is used extensively for pro-

cedural pain including venepuncture, intravenous or

arterial cannulation, lumbar puncture, minor dermato-

logical procedures, and others (see section 4.0). The

eutectic cream is usually applied to skin under an

occlusive dressing for at least 60 min and a maximum

of 5 h. Transient paleness, redness, and edema of the

skin may occur following application.

Eutectic mixtures of lidocaine and prilocaine are

used in neonates and are safe in single doses. There

has been concern that excessive absorption (particu-

larly of prilocaine) might lead to methemoglobinemia

particularly after multiple applications. For this rea-

son, the maximum number of doses per day should be

limited in the neonate. In some countries, EMLA has

been licensed for use in neonates provided that their

gestational age is at least 37 weeks, and that methemo-

globin values are monitored in those aged 3 months or

less. In fact, systemic absorption of both drugs from

the eutectic cream appears to be minimal across intact

skin even after prolonged or extensive use. However,

EMLA should not be used in infants under 1 year

who are receiving methemoglobin-inducing drugs; it

should not be used on wounds or mucous membranes

or for atopic dermatitis. EMLA should not be applied

to or near the eyes because it causes corneal irritation,

and it should not be instilled into the middle ear. It

should be used with caution in patients with anemia or

congenital or acquired methemoglobinemia.

6.2.3 Tetracaine (amethocaine)

(i) Preparations

Tetracaine is a potent, para-aminobenzoic acid ester

local anesthetic used for surface anesthesia and spinal

block. It is highly lipophilic and can penetrate intact

skin. Its use in other local anesthetic techniques is

restricted by its systemic toxicity.

For anesthesia of the eye, solutions containing 0.5–

1% tetracaine hydrochloride and ointments containing

0.5% tetracaine have been used. Instillation of a 0.5%

solution produces anesthesia within 25 s that lasts for

15 min or longer and is suitable for use before minor

surgical procedures.

A 4% gel (Ametop) is used as a percutaneous local

anesthetic. This formulation of 4% tetracaine produces

more rapid and prolonged surface anesthesia than

EMLA and is significantly better in reducing pain

caused by laser treatment of port wine stains and for

venous cannulation. A transdermal patch is effective,

and patches containing a mixture of lidocaine and tet-

racaine have also been tried. Tetracaine has been

incorporated into a mucosa-adhesive polymer film to

relieve the pain of oral lesions resulting from radiation

and antineoplastic therapy. Liposome-encapsulated tet-

racaine can provide adequate surface anesthesia.

LAT (LET) 4% lidocaine, 0.1% epinephrine, and

0.5% tetracaine have been combined in a gel and

applied as a surface anesthetic to lacerations of the

skin especially the face and scalp. It is less a painful

alternative to LA infiltration prior to suture of lacera-

tions.

(ii) Dosage side effects and toxicity

Tetracaine: A stinging sensation may occur when tetra-

caine is used in the eye. Absorption of tetracaine from

mucous membranes is rapid, and adverse reactions can
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occur abruptly without the appearance of prodromal

signs or convulsions; systemic toxicity is high and

fatalities have occurred. It should not be applied to

inflamed, traumatized, or highly vascular surfaces and

should not be used to provide anesthesia for bronchos-

copy or cystoscopy, as there are safer alternatives, such

as lidocaine.

Tetracaine gel: The gel is applied to the center of the

area to be anesthetized and covered with an occlusive

dressing. Gel and dressing are removed after 30 min

for venepuncture and 45 min for venous cannulation.

A single application provides anesthesia for 4–6 h. Tet-

racaine is 15% bioavailable after application of 4% gel

to intact skin, with a mean absorption and elimination

half-life of about 75 min. It is rapidly metabolized by

esterases in the skin, in plasma, and on red cells. Mild

erythema at the site of application is frequently seen

with topical use; slight edema or pruritus occur less

commonly and blistering of the skin may occur. It has

been used safely in the premature neonate from

28 weeks gestation.

LAT: 1–3 ml of the solution is applied directly to

the wound for 15–30 min using a cotton-tipped appli-

cator. The solution and gel have been used in chil-

dren aged 1-year old and above. There are no reports

of toxicity but application of preparations of tetra-

caine to highly vascular surfaces, mucous membranes,

and wounds larger than 6 cm is not recommended. If

lidocaine is injected following LAT, the maximum

dose of lidocaine (5 mgÆkg)1) should not be exceeded.

6.3 Neuraxial analgesic drugs

Drugs that produce a specific spinally mediated analge-

sic effect following epidural or intrathecal administra-

tion are referred to as neuraxial analgesic drugs (other

terms include spinal adjuvants, caudal additives) (5–9).

Analgesia is not mediated by systemic absorption of

the drug as spinal dose requirements, and associated

plasma concentrations are lower than those required

for an analgesic effect following systemic administra-

tion. These agents modulate pain transmission in the

spinal cord by:

l reducing excitation, for example, ketamine

(NMDA antagonist)

l enhancing inhibition, for example, opioids; cloni-

dine (alpha2 agonist); neostigmine (anticholinester-

ase); midazolam (GABAA agonist)

In pediatric practice, these drugs are most com-

monly administered as single-dose caudal injections

and are often used in combination with local anesthe-

sia to improve and prolong analgesia, reducing the

dose requirement for local anesthetic and thereby

unwanted effects such as motor block or urinary

retention. There is conflicting data about the ability

to produce a selective spinally mediated effect in chil-

dren. Caudal administration of tramadol has been

reported to produce lower serum concentrations of

metabolites but no difference in analgesia when com-

pared with IV administration. Many studies that

compare the effect of neuraxial drugs are hampered

by poor study design, such as:

l inadequate power and sample size. If the sample

size is small, it is difficult to confirm any change in

the incidence of side effects, particularly those that

are less common.

l insensitive outcome measures. No difference may

be found between two active treatments (e.g.,

LA ± additive; different doses; different routes

such as caudal versus systemic) if pain scores and

supplemental analgesic requirements are low in

both groups. Measures of side effects such as seda-

tion and respiratory depression are often insensitive

and not standardized.

The use of ketamine and clonidine is described here:

tramadol and other opioids are discussed in section

6.4. Neostigmine and tramadol increase the duration

of analgesia when added to caudal local anesthetic,

but also increase the probability of postoperative nau-

sea or vomiting.

6.3.1 Ketamine and clonidine

(i) Preparations and pharmacology

Ketamine

Ketamine is an NMDA antagonist that can produce

general anesthesia following intramuscular injection

or intravenous bolus and/or infusion. Ketamine pro-

duces dissociative anesthesia characterized by a

trance-like state, amnesia, and marked analgesia

which may persist into the recovery period. There is

often an increase in muscle tone and the patient’s

eyes may remain open for all or part of the period of

anesthesia; it can also produce unpleasant emergence

phenomena, including hallucinations. Ketamine is a

racemic mixture, and the S-isomer has approximately

twice the analgesic potency of the racemate. Ketamine
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undergoes hepatic biotransformation to an active

metabolite norketamine and is excreted mainly in the

urine as metabolites. Subanesthetic doses of ketamine

produce analgesia. Oral administration has been uti-

lized for sedation/premedication. Caudal/epidural

administration of ketamine produces analgesia but

concern has been expressed regarding potential neuro-

toxicity.

Clonidine

Clonidine is an alpha2-adrenergic agonist and has sed-

ative, anxiolytic, and analgesic properties. As a result,

potential perioperative benefits include use for preme-

dication, reduction in general anesthetic requirements,

analgesia, and management of opioid withdrawal

symptoms. Clonidine can be given orally, transdermal-

ly, intravenously, or epidurally. Clonidine is rapidly

absorbed. After oral administration, about 50% is

metabolized in the liver, and it is excreted in the urine

as unchanged drug and metabolites. Clearance in neo-

nates is about one-third of adult levels. The elimina-

tion half-life has been variously reported to range

between 6 and 24 h, and extended up to 41 h in

patients with renal impairment. Clonidine crosses the

placenta and is distributed into breast milk. The hypo-

tensive effect of clonidine may be enhanced by diuret-

ics, other antihypertensives, and drugs that cause

hypotension. The sedative effect of clonidine may be

enhanced by CNS depressants. Clonidine has been

associated with impaired atrioventricular conduction in

a few patients, although some of these may have had

underlying conduction defects and had previously

received digitalis, which may have contributed to their

condition.

(ii) Doses

Ketamine

For anesthesia, 2 mgÆkg)1 given intravenously over

60 s usually produces surgical anesthesia within 30 s of

the end of the injection and lasting for 5–10 min.

Addition of ketamine 0.25–0.5 mgÆkg)1 to caudal

local anesthetic (compared with a local anesthetic

alone) prolongs the time to first analgesia and reduces

postoperative rescue analgesia requirements.

Clonidine

Clonidine is rapidly absorbed after oral administration

and doses of 4 mcgÆkg)1 have been used for premedi-

cation. Clonidine has an established role as a spinal

adjuvant analgesic in pediatric practice, and clonidine

via the intrathecal or caudal/epidural route has a

greater effect than the same dose intravenously. Addi-

tion of 1–2 mcgÆkg)1 clonidine to caudal local anes-

thetic prolongs analgesia and reduces postoperative

analgesic requirements, when compared to local anes-

thetic alone. Sensitivity to side effects (apnea, oxygen

desaturation, and bradycardia) is greater in neonates,

and cardiovascular and sedative side effects have been

reported following doses of 5 lgÆkg)1 caudal clonidine

in children. Epidural clonidine 0.08–0.12 lgÆkg)1Æh)1

produces dose-dependent analgesia when added to

local anesthetic infusion, and higher doses of clonidine

alone (0.2 lgÆkg)1Æh)1 preceded by bolus of 2 lgÆkg)1)

provide analgesia at rest following abdominal surgery.

(iii) Neuroxicity

Severe complications following pediatric regional tech-

niques are rare, but the incidence is higher in neonates

and infants (0.4% vs 0.1% for all regional blocks or

1.1% vs 0.49% for epidural blocks alone). Rates of

neurological injury following neuraxial analgesia range

from 0.13 to 0.4 per 1000 in large series, with higher

rates following epidural catheter techniques than single

shot caudals. Issues relating to the potential neurotox-

icity of some spinally administered drugs and the ethi-

cal use of unlicensed routes of administration have

been debated for many years.

General anesthetics with NMDA antagonist and/or

GABA agonist activity increase neuronal apoptosis in

the developing brain in rodents and primates and have

led to a number of clinical studies evaluating neurocog-

nitive outcomes following exposure to general anesthesia

in early life. The potential for additional developmen-

tally regulated spinal toxicity has been the impetus for

studies assessing histopathology and apoptosis in the

spinal cord following intrathecal drugs in neonatal

rodent models. Intrathecal bupivacaine produces dense

spinal analgesia but does not increase apoptosis in the

brain or spinal cord of neonatal and infant rats. Systemi-

cally administered opioids have not been associated with

increased apoptosis in the brain, and similarly intrathe-

cal morphine did not increase apoptosis or produce his-

topathology in the neonatal or infant spinal cord.

Ketamine: In adult models, spinal cord toxicity has

been demonstrated following intrathecal administration

of ketamine in adult swine, rabbits, and dogs. Although

some studies have attributed changes to the preserva-

tive, administration of preservative-free S-ketamine for

7 days produced necrotizing lesions with cellular
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infiltrates in the cord and a 28-day infusion of preserva-

tive-free racemic ketamine produced pathologic changes

ranging from mild inflammation and demyelination to

marked necrosis. Intrathecal administration of preserva-

tive-free ketamine in neonatal rats has been shown to

increase apotosis and produce persistent changes in sen-

sory threshold in the same dose range as analgesia.

Clonidine: The neurotoxicity of epidural clonidine

has been more extensively studied. Repeated bolus or

extended continuous epidural and intrathecal delivery

of clonidine in adult dogs or rats did not result in tox-

icity. Similarly, maximal tolerated doses of intrathecal

clonidine (300 times analgesic dose) did not increase

apoptosis, produce histopathology in the spinal cord,

or produce persistent changes in sensory thresholds.

Table 6.3.1 Typical doses of epidural neuraxial analgesics

Drug

Single dose

microgm.kg)1

Infusion

microgm.kg)1.hr)1 Side effects

Clondine 1–2 0.08–0.2 Sedation; dose

related hypotension

and bradycardia

(5 mcgÆkg)1); delayed

respiratory

depression

and bradycardia in

neonates

Ketamine 250–500 Hallucinations at higher

doses

Morphine 15–50 0.2–0.4 Nausea and vomiting;

urinary retention;

pruritis; delayed

respiratory

depression

Fentanyl 0.5–1 0.3–0.8 Nausea and vomiting

Tramadol 500–2000 Nausea and vomiting

6.4 Opioids

Opioids remain the most powerful and widely used

group of analgesics. They can be given by many routes

of administration and are considered safe, provided

accepted dosing regimens are used and appropriate

monitoring and staff education are in place. Morphine

is the prototype opioid, and diamorphine, tramadol,

oxycodone, and hydromorphone are alternatives to

morphine in the postoperative period. Fentanyl, sufen-

tanil, alfentanil, and remifentanil have a role during

and after major surgery and in intensive care practice

and can be used to ameliorate the stress response to

surgery. Codeine and dihydrocodeine can be used for

short-term treatment of moderate pain. Pethidine

(meperidine) is not recommended in children owing to

the adverse effects of its main metabolite, nor-pethi-

dine. Opioid infusions can provide adequate analgesia

with an acceptable level of side effects. Patient-con-

trolled opioid analgesia is now widely used in children

as young as age 5 years and compares favorably with

continuous morphine infusion in the older child. NCA

where a nurse is allowed to press the demand button

within strictly set guidelines can provide flexible anal-

gesia for children who are too young or unable to use

PCA. This technology can also be used in neonates

where a bolus dose without a background infusion

allows the nurse to titrate the child to analgesia or to

anticipate painful episodes while producing a pro-

longed effect because of the slower clearance of mor-

phine. Neuraxial administration of opioids has a place

where extensive analgesia is needed, for example, after

major abdominal surgery, spinal surgery, or when ade-

quate spread of epidural local anesthetic blockade can-

not be achieved within dosage limits.

Table 6.4.1 Opioid potency relative to morphine

Drug

Relative

potency

Single

dose (oral)

mg/kg

Continuous

infusion (IV)

micrograms.kg)1.hr)1

Tramadol 0.1 1–2 100–400

Codeine 0.1–0.12 0.5)1 N/A

Morphine 1 0.2–0.4 10–40

Hydromorphone 5 0.04–0.08 2–8

Fentanyl 50–100 N/A 0.1–0.2 mgÆkg)1Æmin)1

or use TCIa system

Remifentanil 50–100 N/A 0.05–4 mcgÆkg)1Æmin)1

or use TCIa system

aTarget controlled infusion.

6.4.1 Opioid preparations, dosages, and routes

Morphine

Morphine is the most widely used and studied opioid

in children. Its agonist activity is mainly at l opioid

receptors (10,11). It can be given by the oral, subcuta-

neous, intramuscular, intravenous, epidural, intraspi-

nal, and rectal routes. Parenteral administration may

be intermittent injection; continuous or intermittent

infusion of the dose is adjusted according to individual

analgesic requirements. Using accepted dosing regi-

mens, morphine has been shown to be safe and effec-

tive in children of all ages.

The pharmacokinetics of morphine in children is

generally considered similar to those in adults but in

neonates and into early infancy the clearance and pro-
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tein binding are reduced and the half-life is increased.

These differences, which are dependent on gestational

age and birth weight, are mainly due to reduced

metabolism and immature renal function in the devel-

oping child. This younger age group demonstrates an

enhanced susceptibility to the effects, and the side

effects of morphine and dosing schedules must be

altered to take this into account. Morphine has poor

oral bioavailability as it undergoes extensive first-pass

metabolism in the liver and gut.

Morphine dosing schedules

An appropriate monitoring protocol should be used

dependent on the route of administration and age of

the child. For neuraxial dosing, see section 6.2.

Oral:

Neonate: 80 mcgÆkg)1 4–6 hourly

Child: 200–500 mcgÆkg)1 4 hourly

Intravenous or subcutaneous loading dose: (titrated

according to response)

Neonate: 25 mcgÆkg)1 increments

Child: 50 mcgÆkg)1 increments

Intravenous or subcutaneous infusion:

10–40 mcgÆkg)1Æh)1

Patient-controlled analgesia (PCA):

Bolus (demand) dose: 10–20 mcgÆkg)1

Lockout interval: 5–10 min

Background infusion: 0–4 mcgÆkg)1Æh)1

Nurse controlled analgesia (NCA):

Bolus (demand) dose: 10–20 mcgÆkg)1

Lockout interval: 20–30 min

Background infusion: 0–20 mcgÆkg)1Æh (<5 kg use

no background)

Diamorphine

Diamorphine hydrochloride is an acetylated morphine

derivative and is a more potent opioid analgesic than

morphine. It is much more lipid soluble and has a

more rapid onset and shorter duration of action than

morphine. Diamorphine can be given by the oral,

intranasal, subcutaneous, intramuscular, intravenous,

and epidural and intrathecal routes. Because of its

abuse potential, the supply of diamorphine is carefully

controlled and in many countries it is not available for

clinical use.

On injection, diamorphine is rapidly converted to

the active metabolite 6-O-monoacetylmorphine (6-acet-

ylmorphine) in the blood and then to morphine. Oral

doses are subject to extensive first-pass metabolism to

morphine. As with morphine, neonates and infants

have altered pharmacokinetics and an increased sus-

ceptibility to the opioid effects of diamorphine.

Diamorphine dosing schedules

An appropriate monitoring protocol should be used

dependent on the route of administration and age of

the child.

Oral: >1 year 100–200 mcgÆkg)1 4 hourly

Intravenous or subcutaneous loading dose: (titrated

according to response)

Neonate: 10–25 mcgÆkg)1 increments

Child: 25–100 mcgÆkg)1 increments

Intravenous or subcutaneous infusion:

2.5–25 mcgÆkg)1Æh)1

Intranasal:

100 mcgÆkg)1 in 0.2 ml sterile water instilled into

one nostril.

Hydromorphone

Hydromorphone is an opioid analgesic related to mor-

phine but with a greater analgesic potency and is used

for the relief of moderate-to-severe pain. It is a useful

alternative to morphine for subcutaneous use because its

greater solubility in water allows a smaller dose volume.

Hydromorphone dosing schedules

Oral: 40–80 microg/kg 4 hourly

Intravenous or subcutaneous loading dose: (titrated

according to response)

Child <50 kg: 10–20 microg/kg increments

Intravenous or subcutaneous infusion: 2-8 microg/kg/

hÆkg)1Æh)1

Codeine

Codeine is much less efficacious than morphine and is

used for the relief of mild-to-moderate pain. It is often

given in combination with NSAIDs or paracetamol.

Codeine can also be given by intramuscular injection, in

doses similar to those by mouth; the intravenous route

should not be used as severe hypotension may occur.

The analgesic effect of codeine is unpredictable. Its

effects may be wholly or mainly due to metabolism to

morphine. The enzyme responsible for this conversion,

CYP2D6, shows significant genetic variation and

across populations the amount of codeine converted to

morphine is very variable. Development may also

affect CYP2D6 activity with lower levels of activity

found in neonates and infants.
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Codeine dosing schedules

Oral, intramuscular or rectal:

Neonate or child: 0.5–1 mgÆkg)1 4–6 hourly (care

with repeated doses in neonates)

Dihydrocodeine

Dihydrocodeine is an opioid analgesic related to

codeine. It is used for the relief of moderate-to-severe

pain, often in combination with paracetamol. The

analgesic effect of dihydrocodeine appears to be pri-

marily due to the parent compound (unlike codeine); it

is metabolized in the liver via the cytochrome P450 iso-

enzyme CYP2D6 to dihydromorphine, which has

potent analgesic activity, and some is also converted

via CYP3A4 to nordihydrocodeine.

Dihydrocodeine dosing schedules

Oral or intramuscular:

>1 year: 0.5–1 mgÆkg)1 4–6 hourly

Oxycodone

Oxycodone can be given by mouth or by subcutaneous

or intravenous injection for the relief of moderate-to-

severe pain (12). It can be given by continuous infu-

sion or PCA. The oral potency is about twice that of

morphine, whereas intravenously it is about 1.5 times

as potent. Although not widely used at present in the

United Kingdom, it may be a useful and safe alterna-

tive to morphine and codeine as an oral opioid.

Oxycodone dosing schedules

Oral: 100–200 mgÆkg)1 4–6 hourly

Tramadol

Tramadol hydrochloride is an opioid analgesic with

noradrenergic and serotonergic properties that may

contribute to its analgesic activity (13,14). Tramadol

can be given by mouth, intravenously, or as a rectal

suppository. It has also been given by infusion or as

part of a PCA system.

Tramadol is increasingly used in children of all ages

and has been shown to be effective against mild-to-

moderate pain. It may produce fewer typical opioid

adverse effects such as respiratory depression, sedation,

and constipation; though, it demonstrates a relatively

high rate of nausea and vomiting.

Tramadol dosing schedules:

Oral, rectal, or intravenous: 1–2 mgÆkg)1 4–6 hourly

Fentanyl

Fentanyl is a potent opioid analgesic related to pethi-

dine and is primarily a l-opioid agonist. It is more

lipid soluble than morphine and it has a rapid onset

and short duration of action. Because of its high lipo-

philicity, fentanyl can also be delivered via the trans-

dermal (±iontophoresis) or transmucosal routes.

Small intravenous bolus doses can be injected immedi-

ately after surgery for postoperative analgesia and

PCA systems have been used.

After transmucosal delivery, about 25% of the dose is

rapidly absorbed from the buccal mucosa; the remaining

75% is swallowed and slowly absorbed from the gastro-

intestinal tract. Some first-pass metabolism occurs via

this route. The absolute bioavailability of transmucosal

delivery is 50% of that for intravenous fentanyl.

Absorption is slow after transdermal application.

The clearance is decreased and the half-life of fenta-

nyl is prolonged in neonates. As with morphine, neo-

nates are more susceptible to the adverse effects of

fentanyl, and appropriate monitoring and safety proto-

cols should be implemented when fentanyl is used in

this age group. There are differences in pharmacoki-

netics between bolus doses and prolonged infusion

with highly lipophilic drugs such as fentanyl; the con-

text-sensitive half-time progressively increases with the

duration of infusion.

Fentanyl dosing schedules

An appropriate monitoring protocol should be used

dependent on the route of administration and age of

the child. For neuraxial dosing, see section 6.3.

Intravenous dose: titrated according to response

0.5–1.0 mcgÆkg)1 (decrease in neonates)

Intravenous infusion: 0.5–2.5 mcgÆkg)1Æh)1

Transdermal: 12.5–100 mcgÆh)1

Remifentanil

Remifentanil is a potent short-acting l-receptor opioid

agonist used for analgesia during induction and/or

maintenance of general anesthesia. It has also been used

to provide analgesia into the immediate postoperative

period. Remifentanil is given intravenously, usually by

infusion. Its onset of action is within 1 min and the

duration of action is 5–10 min. Remifentanil is metabo-

lized by esterases and so its half-life is independent of

the dose, duration of infusion, and age of child.

Remifantanil is a strong respiratory depressant. It

can be used in the spontaneously breathing patient as
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a low-dose infusion but the child must be nursed in an

appropriate area with adequate monitoring. When

appropriate, alternative analgesics should be given

before stopping remifentanil, in sufficient time to pro-

vide continuous and more prolonged pain relief.

6.4.2 Opioid toxicity and side effects

Opioids have a wide range of effects on a number of dif-

ferent organ systems (See Table 6.4.2). These provide

not only clinically desirable analgesic effects but also the

wide range of adverse effects associated with opioid use.

The profile of side effects is not uniform between the

opioids or even between patients taking the same opi-

oid. The incidence and severity of side effects in an

individual patient are influenced by a number of

genetic and developmental factors and therefore appro-

priate monitoring and adverse effect management

should be performed with the use of opioids.

Table 6.4.2 Physiological effects of opioids

Central nervous system

Analgesia

Sedation

Dysphoria and euphoria

Nausea and vomiting

Miosis

Seizures

Pruritis

Psychomimetic behaviors, excitation

Respiratory system

Antitussive

Respiratory depression

fl respiratory rate

fl tidal volume

fl ventilatory response to carbon dioxide

Cardiovascular system

Minimal effects on cardiac output

Heart rate

Bradycardia seen on most occasions

Vasodilation, venodilation

Morphine other opioids ? histamine effect

Gastrointestinal system

fl intestinal motility and peristalsis

› sphincter tone

Sphincter of oddi

Ileocolic

Urinary system

› Tone

Uterus

Bladder

Detrusor muscles of the bladder

Musculoskeletal system

› chest wall rigidity

6.5 Nonsteroidal anti-inflammatory drugs
(NSAIDs)

NSAIDs are effective for the treatment of mild or

moderate pain in children. In addition to analgesia,

they have anti-inflammatory and antipyretic effects.

They are opioid sparing. The combination of NSA-

IDs and paracetamol produces better analgesia than

either drug alone. Their mechanism of action is the

inhibition of cyclooxygenase (COX) activity, thereby

blocking the synthesis of prostaglandins and throm-

boxane. Aspirin, a related compound, is not used in

children because of the potential to cause Reye’s

syndrome.

6.5.1 NSAID preparations, dose, and routes

A number of convenient NSAID formulations are

available:

l Ibuprofen tablet and syrup formulations for oral

administration and a dispersible tablet for sublingual

administration
l Diclofenac tablet (dispersible and enteric coated),

suppository and parenteral formulations

l Ketorolac for intravenous use

l Naproxen oral tablets

l Piroxicam oral tablets and a dispersible sublingual

formulation

l Ketoprofen oral tablets and syrup, parenteral for-

mulations

Selective COX 2 inhibitors have been developed with

the expectation that the analgesic and anti-inflamma-

tory effects of NSAIDs would be retained while reduc-

ing the risk of gastric irritation and bleeding.

However, in adult studies potential improvements in

safety have been offset by an increase in the incidence

of adverse cerebral and cardiac thrombotic events.

Reports of the use of selective COX-2 inhibitors in

children are appearing in the literature, which demon-

strate equal efficacy with nonselective NSAIDs. How-

ever, their role in pediatric practice is yet to be

established. Pharmacokinetic data for the neonatal use

of ibuprofen have been established from its use in pat-

ent ductus arteriosus closure. Clearance is reduced and

the volume of distribution is increased. However, its

use as an analgesic below age 3 months is not recom-

mended, see section 6.5.3.
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Table 6.5.1

NSAID

Dose

mgÆkg)1

Interval

hours

Maximum daily dose

mgÆkg)1Æday)1

Licensed

from age

Ibuprofen 5–10 6–8 30 3 months

Diclofenac 1 8 3 6 months

Ketorolaca 0.5 6 2

Naproxen 7.5 12 15

Piroxicama 0.5 24 0.5 N/R

Ketoprofena 1 6 4

aHigh incidence of GI complications. Not licensed for acute

pain.

6.5.2 NSAID toxicity and side effects

Because of their mechanism of action, NSAIDs have

the potential to cause adverse effects at therapeutic

plasma levels.
l Hypersensitivity reactions

l NSAIDs reduce platelet aggregation and prolong

bleeding time. Therefore, they are usually contrain-

dicated in children with coagulation disorders or in

those who are receiving anticoagulant therapy.

l NSAIDs can inhibit prostaglandin-mediated renal

function, and this effect is greater in the presence of

renal disease and dehydration. Ibuprofen has been

shown to reduce the glomerular filtration rate in

neonates by 20%. NSAIDs should not be adminis-

tered concurrently with nephrotoxic agents. Renal

toxicity is low in healthy children.

l NSAIDs can cause gastric irritation and bleeding.

They are therefore relatively contraindicated in chil-

dren with a history of peptic ulcer disease. Ibuprofen

has the lowest potential for gastric irritation. The risk

of adverse GI effects is low when NSAID use is limited

to 1–3 days in the postoperative period; it may be fur-

ther reduced by co-prescription of proton pump inhibi-

tors, for example, omeprazole and H2 antagonists in

patients at higher risk. Piroxicam, ketorolac, and keto-

profen are known to be especially likely to causeGI side

effects particularly in the elderly. In the UK, piroxicam

is no longer licensed for acute indications and is subject

to special prescribing andmonitoring restrictions.

l Owing to excess leukotriene production, NSAIDs

have the potential to exacerbate asthma in a predis-

posed subset of asthmatics. It is estimated that 2% of

asthmatic children are susceptible to aspirin-induced

bronchospasm and 5% of this subgroup are likely to

be cross-sensitive to other NSAIDs, that is, 1:1000.

The incidence of asthma in children is increasing, and

it is important that children who are not sensitive are

not denied the benefits of NSAIDs. History of previ-

ous uneventful NSAID exposure should be estab-

lished in asthmatic children whenever possible.

Studies have provided some reassuring data regarding

the safety of short-term use of ibuprofen and diclofe-

nac in asthmatic children. NSAIDs should be avoided

in children with severe acute asthma.

l NSAIDs should be used with caution in children

with severe eczema, multiple allergies, and in those

with nasal polyps. NSAIDs should be avoided in liver

failure

l Animal studies using high doses of Ketorolac dem-

onstrated delayed bone fusion. This has led to concern

that the use of NSAIDs in children may delay bone

healing following fracture or surgery. This has not

been supported by human studies, and the analgesic

benefits of short-term NSAID use outweigh the hypo-

thetical risk of delayed bone healing: see section 5.8.

l NSAIDs are not currently recommended for anal-

gesia in neonates due to concerns that they may

adversely affect cerebral and pulmonary blood flow

regulation.

Of the NSAIDs currently available, ibuprofen has the

fewest side effects and the greatest evidence to support

its safe use in children. In a large community-based

study in children with fever, the risk of hospitalization

for GI bleeding, renal failure, and anaphylaxis was no

greater for children given ibuprofen than those given

paracetamol (15).

6.6 Paracetamol

Paracetamol is a weak analgesic (16,17). On its own, it

can be used to treat mild pain; in combination with

NSAIDs or a weak opioid such as codeine, it can be

used to treat moderate pain. Studies have demon-

strated an opioid sparing effect when it is administered

postoperatively.

6.6.1 Paracetamol preparations, doses, and
routes

Paracetamol is available for oral administration in

syrup, tablet, and dispersible forms. Following oral

administration, maximum serum concentrations are

reached in 30–60 min. As the mechanism of action is

central, there is a further delay before maximum analge-

sia is achieved. Suppositories are available; however,

there is wide variation in the bioavailability of paraceta-

mol following rectal administration. Studies have dem-

onstrated the need for higher loading doses (of the
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order of 40 mgÆkg)1) to achieve target plasma concen-

trations of 10 mgÆl)1 following rectal administration.

The time to reach maximum serum concentration fol-

lowing rectal administration varies between 1 and 2.5 h.

Rectal administration of drugs is contraindicated in

neutropenic patients because of the risk of causing sep-

sis. Recently, an intravenous preparation of paraceta-

mol has become available. Initial experience with IV

paracetamol is that the higher effect site concentration

achieved following intravenous administration is associ-

ated with higher analgesic potency. When administered

IV, it should be given as an infusion over 15 min.

There are several published dosage regimens for par-

acetamol (perhaps indicating that the optimum regi-

men is still to be determined). The regimen used will

depend on the age of the child, the route of adminis-

tration, and the duration of treatment. The clearance

in neonates is reduced and the volume of distribution

is increased. The dose of paracetamol therefore needs

to be reduced in neonates – see Table 1. Bioavailability

following rectal administration is higher in the neo-

nate. The current recommendations stated in the BNFc

are shown in Tables 6.6.1 and 6.6.2.

6.6.2 Paracetamol toxicity and side effects

When the maximum daily dose of paracetamol is

observed, it is well tolerated. The maximum daily dose

is limited by the potential for hepatotoxicity that can

occur following overdose (exceeding 150 mgÆkg)1).

Multiple doses may lead to accumulation in children

who are malnourished or dehydrated. The mechanism

of toxicity in overdosage is the production of N-acetyl-

p-benzoquinoneimine (NABQI). The amount of NAB-

QI produced following therapeutic doses of paraceta-

mol is completely detoxified by conjugation with

glutathione. In overdosage, glutathione stores become

depleted allowing NABQI to accumulate and damage

hepatocytes. Acetylcysteine and methionine replenish

stores of glutathione and are therefore used in the

treatment of toxicity.

6.7 Nitrous oxide (N2O)

6.7.1 Preparations, dosage, and administration

Nitrous oxide is supplied compressed in metal cylin-

ders labeled and marked according to national stan-

dards (18). It is a weak anesthetic with analgesic

properties rapidly absorbed on inhalation. The blood/

gas partition coefficient is low, and most of the inhaled

N2O is rapidly eliminated unchanged through the

lungs. Premixed cylinders with 50% N2O in oxygen

are available, but it is also occasionally administered

at inspired concentrations up to 70% with oxygen.

Nitrous oxide inhalation using a self-administration

with a face mask or mouthpiece and ‘demand valve’

system is widely used for analgesia during procedures

such as dressing changes, venepuncture, as an aid to

postoperative physiotherapy, and for acute pain in

emergency situations, see section 4.0. It is also used in

dentistry. The system is only suitable for children able

to understand and operate the valve, generally those

over 5 years of age. Heathcare workers must be specifi-

cally trained in the safe and correct technique of

administration of N2O.

Nitrous oxide is given using a self-administration

demand flow system operated by the patient unaided

such that sedation leads to cessation of inhalation.

Analgesia is usually achieved after 3 or 4 breaths.

Recovery is rapid once the gas is discontinued.

Continuous flow techniques of administration, where

the facemask is held by a healthcare worker rather

than the patient, is capable of producing deep sedation

and unconsciousness, and therefore the use of this

method is not included in this guideline.

6.7.2 Side effects and toxicity

Nitrous oxide potentiates the CNS depressant effects

of other sedative agents. There is a risk of increased

Table 6.6.1 Paracetamol dosing guide – oral and rectal administra-

tion

Age Route

Loading

dose

(mgÆkg)1)

Maintenance

dose

(mgÆkg)1)

Interval

(h)

Maximum

daily dose

(mgÆkg)1)

Duration at

maximum

dose (h)

28–32

weeks

PCA

Oral 20 10–15 8–12 30 48

Rectal 20 15 12

32–52

weeks

PCA

Oral 20 10–15 6–8 60 48

Rectal 30 20 8

>3

months

Oral 20 15 4 90 48

Rectal 40 20 6

PCA, postconceptual age.

Table 6.6.2 IV Paracetamol dosing guide

Weight (kg) Dose Interval (h) Maximum daily dose

<5 (term neonate) 7.5 mgÆkg)1 4–6 30 mgÆkg)1

5–10 10 mgÆkg)1 4–6 40 mgÆkg)1

10–50 15 mgÆkg)1 4–6 60 mgÆkg)1

>50 1 g 4–6 4 g
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pressure and volume from the diffusion of nitrous

oxide into closed air-containing cavities and is there-

fore contraindicated in the presence of pneumo-

thorax. Frequent side effects include euphoria,

disinhibition, dizziness, dry mouth, and disorienta-

tion. Nausea and vomiting can occur. Excessive seda-

tion is managed by discontinuation of the gas,

oxygen administration, and basic airway management.

Prolonged or frequent use may affect folate metabo-

lism leading to megaloblastic changes in the bone

marrow, megaloblastic anemia, and peripheral neu-

ropathy. Depression of white cell formation may also

occur. Patients who receive N2O more frequently

than twice every 4 days should have regular blood

cell examination for megaloblastic changes and neu-

trophil hypersegmentation.

Exposure to prolonged high concentrations of N2O

has been associated with reduced fertility in men and

women. It should only be used in a well-ventilated

environment, which should be monitored and main-

tained below the UK Occupational Exposure Standard

for atmospheric levels of N2O that is <100 ppm.

6.8 Sucrose

Sucrose solutions reduce many physiological and

behavioral indicators of stress and pain in neonates

(19,20). The effects of sucrose appear to be directly

related to the sweet taste of the solution with very low

volumes (0.05–2 ml) in concentrations of 12–24%

being effective within 2 min of administration.

6.8.1 Sucrose dosage and administration

Sucrose should be administered in a 24% solution 1–

2 min before a painful stimulus and may be repeated

during the painful procedure if necessary. It can be

given using a pacifier or directly dripped (one drop at a

time) onto the tongue using a syringe; the number of

applications is decided according to the infant’s

response. Upper volume limits per procedure have been

suggested according to the gestational age in weeks:

27–31 0.5 ml maximum

32–36 1.0 ml maximum

>37 2.0 ml maximum

Each ‘dip’ of the pacifier is estimated to be 0.2 ml.

The effectiveness of sucrose appears to decrease with

age, at present it’s use as a primary analgesic should

be confined to the neonatal period until further infor-

mation is available.

6.8.2 Sucrose side effects and toxicity

Coughing, choking, gagging, and transient oxygen de-

saturations have been reported; when using the syringe

method, the solution should be applied carefully to the

tongue one drop at a time. There is some evidence that

adverse effects of sucrose, including a temporary

increase in ‘Neurobiologic Risk’ score, is more fre-

quent in very premature infants, particularly those

<27 and 28–31 weeks gestational age.

6.9 Nonpharmacological strategies

There is increasing interest in the use of nonpharmaco-

logical pain management strategies in acute pain. Skin

to skin contact and other forms of tactile stimulation

have been shown to be effective for needle related pro-

cedural pain in neonates (21,22). There is growing evi-

dence supporting the use of psychological interventions

for a variety of acute pain indications. Psychological

interventions for acute pain include a wide variety of

physiological, behavioral, and cognitive techniques

aimed at reducing pain and pain-related distress

through the modulation of thoughts, behaviors, and

sensory information. Some of the most strongly sup-

ported are guided imagery, distraction, and hypnosis

(23). Some of the terms most commonly used to

describe these techniques are detailed below:

l Behavioral interventions are defined as interventions

based on principles of behavioral science as well as

learning principles by targeting specific behaviors.

l Cognitive interventions are defined as interventions

that involve identifying and altering negative thinking

styles related to anxiety about the painful situation, and

replacing them with more positive beliefs and attitudes,

leading to more adaptive behavior and coping styles.

l Distraction includes cognitive techniques to shift

attention away from the pain or specific counter activi-

ties (e.g., counting, listening to music, playing video-

games, talking about something else other than pain

or the medical procedure).

l Hypnosis is a psychological state of heightened

awareness and focused attention, in which critical fac-

ulties are reduced and susceptibility and receptiveness

to ideas is greatly enhanced.

l Psychological preparation refers to specific interven-

tions designed to provide information about the proce-

dure and reduce anxiety. Often three types of

information is provided: information about the proce-

dure itself (i.e., steps that children must perform and
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steps that health care professionals will perform); the

sensations the patient can expect to feel (e.g., sharp

scratch, numbness); and about how to cope with the

procedure.

l Relaxation is a state of relative freedom from anxi-

ety and skeletal muscle tension, a quieting or calming

of the mind and muscles.

Further reading

BNFC: The British National Formulary for Children,

Vol. 2nd Edition. London: BMJ Publishing Group

Ltd, 2012.
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