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FOREWORD

Foreword

The imperative to treat acute pain with innovative evidence-based, patient-centred strategies
has never been greater. The lofty goal of personalised, harm-free and adequate relief for every
person experiencing acute pain remains just that. The fact that it is not yet reality is more of a
testimony to the enormity and complexity of the task rather than for want of trying as can be
seen by the exponential increase in publications on this topic.

In 2007, Dr Frank Brennan, Prof Daniel Carr and Prof Michael Cousins, chair of the committee
that developed the first edition of Acute Pain Management: Scientific Evidence, highlighted the
moral imperative to treat pain (Brennan 2007). Indeed, they stated that there is an obligation to
treat pain on the basis of restoring patient autonomy and an ethical duty to relieve suffering.
This was followed by the “Declaration of Montreal”, the outcome of the first International Pain
Summit in 2010, which called for “access to pain management as a fundamental human right”
(Cousins 2011).

The moral imperative to treat all forms of pain remains. Not only does unrelieved pain impair
an individual’s ability to exercise their fundamental autonomy, it can lead to a wide range of
harms even in the short term (Brennan 2007). The well-intentioned promotion that occurred at
the turn of this century of the greater use of opioids, in pursuit of the elusive goal of effective
pain management for all, has, with the benefit of hindsight, resulted in unexpected injury for
many. The number of unintentional drug-induced deaths in Australia continues to rise;
prescription opioids and benzodiazepines being the main culprits (Penington Institute 2019).
Although many unwanted side-effects are the consequence of long-term use, many opioids are
started in the acute pain setting, particularly postoperatively, setting patients on the path to long
term use (Bergomi 2018, Brummett 2017, Roughead 2019). Indeed, the use of opioids in acute pain
is not without other risks either including opioid-induced ventilatory impairment, cognitive
impairment, falls and gastrointestinal adverse effects (Macintyre 2011).

The pendulum seems to be swinging back to a more opioid-phobic position which is unlikely
to deliver high-quality care for many individuals either (Kharasch 2020. The pressing need is to
better understand what does and does not work from what is already known so that better
choices can be made for individuals. The publication of the fifth edition of Acute Pain
Management: Scientific Evidence is therefore very timely. Recognising the limitations of opioids
in the management of acute pain has driven a surge in interest of alternative pain management
techniques such as novel non-opioid drugs, new options for regional blockade and non-
pharmacological techniques over the last decade (Albrecht 2020, Guay 2017).

For a small percentage of patients however acute pain is still not adequately managed
despite the burgeoning range of multimodal pain management techniques, leaving patients at
risk of transition to chronicity. Many of the risk factors lie in the psychological, social, cultural
and spiritual realms (Sobol-Kwapinska 2016). The need for a broader sociopsychobiomedical
approach has been recognised as evidenced by the development of new approaches to
preoperative preparation for surgery and extended postoperative care. Transitional pain
services and Acute Pain Service outpatient clinics are now being employed to specifically
support patients to safely taper medications and identify those who may need early referral
to chronic pain services (Huang 2016). Pleasingly, there is now an emerging evidence base
addressing the effectiveness of such services from a range of perspectives (Gray 2017).
At a time when health system budgets are under huge scrutiny as the costs of new drugs and
technologies escalate at unsustainable rates, pain services and even individual
pain management techniques are under more pressure than ever to demonstrate cost
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benefit especially from reducing complications and facilitating early discharge from hospital
(Schofield 2019).

Acute Pain Management: Scientific Evidence: 5th Edition is larger than ever yet
comfortingly familiar. In this fifth edition, Professor Schug and the editorial team have
compiled the latest high-quality offering of this internationally renowned publication from the
Australian and New Zealand College of Anaesthetists and its Faculty of Pain Medicine. It brings
together the most recent evidence in acute pain management from the last five years, properly
evaluated and collated in the one resource. Its structure has evolved from the solid
foundations established in the previous editions, commencing with the first edition published
in 1999 by the National Health and Medical Research Council (NHMRC). The foresight of
Professor Michael Cousins and the first multidisciplinary committee to develop this first text
based on the NHMRC designation of levels of evidence was visionary. Professor Pamela
Macintyre and the editorial teams of the subsequent editions in 2005 and 2010 meticulously
built on this. In 2015 Professor Stefan Schug and the editorial team enhanced the fourth
edition by adding quality scoring using the Jadad Score to the assessment of the evidence. This
enabled conflicting evidence to be addressed and enhanced the production of the Key
Messages. The fifth edition retains this now standard structure.

Once again, the medical community is indebted to Professor Schug and the editorial team for
their diligence and dedication over the last two years. The production of the fifth edition has
been an enormous task as the evidence base has more than doubled in some domains and grown
even more in others with the addition of some new topic areas to assess. Most sections have
more than doubled or trebled in size and, indeed, a second volume has been required for acute
pain management in children to contain the growing evidence base in this domain that has
tripled. The benefit of the five-yearly cycle of literature review over time is the consolidation of
Key Messages with the strengthening of many and only a few being reversed. Many new Key
Messages have also been added. Users of this text can feel confident that the information has
been expertly assessed and can be relied on to inform their clinical practice which was exactly
the original aim of the first edition.

In this edition of Acute Pain Management: Scientific Evidence, the chapters on predisposing
factors, psychological contributors, hypnosis and alternative strategies to medications contain
much new information, reflecting the increasing interest in a “whole-person” approach in
addition to more traditional techniques. However, the latter remain of interest as shown by
sections on new routes of administration, novel opioids and new uses for old drugs. Cannabis
products are just the latest to be addressed. Contemporary cannabis research has been mostly
focused on the chronic pain setting where the evidence to date suggests significant limitations
in effectiveness and efficacy (Beaulieu 2016, Stockings 2018). However, newer research is
addressing a range of acute pain settings with particular interest in the potential for opioid
sparing and tapering (Khan 2019).

The use of ultrasound scanning to guide neuraxial and peripheral regional blockade,
especially catheter techniques, has become the accepted norm and is being used to explore an
increasing number of regional anaesthesia techniques (Anim-Somuah 2018, Smith 2020).

Optimal pain management for every person experiencing acute pain remains elusive;
however, the evidence base continues to grow taking us step by step closer to the lofty goal of
personalised pain management. The imperative to manage acute pain remains with the caveats
that it must be safe and best be personalised. Acute Pain Management: Scientific Evidence: 5th
Edition provides the latest evidence to support decision-making with that goal in mind for
everyone experiencing acute pain.
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Introduction

This is the fifth edition of the book Acute Pain Management: Scientific Evidence. The first edition
was written by a multidisciplinary committee headed by Professor Michael Cousins and
published by the National Health and Medical Research Council (NHMRC) in 1999.

The second and third editions were written by multiple contributors and a working group
chaired by Professor Pam Macintyre. The editions were approved by the NHMRC and published
by the Australian and New Zealand College of Anaesthetists (ANZCA) and its Faculty of Pain
Medicine (FPM) in 2005 and 2010. They were also endorsed by other major organisations
worldwide.

As guidelines and key sources of information should be revised as further evidence
accumulates (ideally every 5 years), a fourth edition was written by multiple contributors and an
editorial working group chaired by Professor Stephan Schug and published by ANZCA and its FPM
in 2015. In view of the NHMRC changing its criteria, this edition was not submitted for NHMRC
approval, but it was widely endorsed by many significant national and international organisations
- the International Association for the Study of Pain (IASP), the Royal College of Anaesthetists
and its Faculty of Pain Medicine, the American Academy of Pain Medicine, the Australian Pain
Society, Australasian College of Sport and Exercise Physicians, the Australasian Faculty of
Rehabilitation Medicine, the College of Anaesthesiologists of the Academies of Medicine of
Malaysia and Singapore, the College of Intensive Care Medicine of Australia and New Zealand,
the European Society of Regional Anaesthesia and Pain Therapy (ESRA), the Faculty of Pain
Medicine of the College of Anaesthetists of Ireland, the Hong Kong College of Anaesthesiologists,
the Hong Kong Pain Society, the Malaysian Association for the Study of Pain, the New Zealand
Pain Society, the Pain Association of Singapore, PainSA (South Africa), PROSPECT (Procedure
Specific Postoperative Pain Management), the Royal Australasian College of Physicians, the Royal
Australian and New Zealand College of Psychiatrists, the Royal Australasian College of Surgeons
and the South African Society of Anaesthesiologists.

With 5 years’ further growth in evidence, it was seen as timely to reassess the available
evidence, aiming for a release of the new document in 2020. ANZCA and the FPM therefore again
took responsibility for revising and updating this reference to its fifth edition. As for the fourth
edition, endorsement is currently being sought from a number of key organisations.

An editorial working group was convened to coordinate and oversee the development
process, to edit the reference and also contribute updates to some sections — members were
Prof Stephan Schug, A/Prof Greta Palmer, Prof David Scott, Dr Mark Alcock, Dr Richard Halliwell,
and Dr Jeff Mott. While all members of the working group contributed to the whole document,
A/Prof Greta Palmer and Dr Mark Alcock provided specific input and expertise to the paediatric
section. This section will remain as Chapter 10 in the PDF of the book, but In view of the largely
increased amount of information in the paediatric section, it will be published as a separate
volume Il of the hardcopy of the book.

The working group was also assisted by an editorial advisory group comprising Dr Mark
Rockett, nominated by the Faculty of Pain Medicine, Royal College of Anaesthetists in the United
Kingdom, and Dr Clara Sze Ming Wong, nominated by the Hong Kong College of
Anaesthesiologists.

A large panel of contributors was enlisted to draft sections of the document and a
multidisciplinary consultative committee was chosen to review the draft of the document and
contribute more broadly as required. To ensure general applicability and inclusiveness, there
was a very wide range of experts on the contributor and multidisciplinary committees, including
medical, nursing, allied health and complementary medicine professionals and consumers.
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INTRODUCTION

Acute Pain Management: Scientific Evidence: 5th Edition covers a wide range of clinical areas.
The aim of the document is, as with the first four editions, to combine a review of the best
available evidence for acute pain management with current clinical and expert practice, rather
than to formulate specific clinical practice guidelines. Accordingly, the document aims to
summarise the substantial amount of evidence currently available for the management of acute
pain in a concise, accessible, and easily readable form to assist the practising health professional.
New and updated content has been incorporated with that of the previous version of the book.

A detailed description of the methodology used to generate this document can be found in
Appendix B. The following summarises the most important information on the methodology.

Review of the evidence

This document is a revision of the previous edition of Acute Pain Management: Scientific
Evidence published in 2015. Therefore most of the new evidence included in this fifth edition has
been published from August 2014 onwards, which was the cut-off date for literature inclusion in
the fourth edition. Literature was considered when published between this date and the cut-off
date for this fifth edition (August 2019). However, in rare circumstances, references published
after this cut-off were considered but only if they were of high relevance and encountered in the
editorial process. In addition, high-quality evidence-based guidelines have been published
independently by a number of organisations in the areas of acute back and musculoskeletal pain
and the chapters relevant to the management of these conditions refer to these guidelines.

Levels of evidence

Levels of evidence continue to be documented according to the NHMRC designation (NHMRC
1999 GL).

Levels of evidence

| Evidence obtained from a systematic review of all relevant randomised controlled
trials (RCTs)

Il Evidence obtained from at least one properly designed randomised controlled trial

IlI-1  Evidence obtained from well-designed pseudo-randomised controlled trials
(alternate allocation or some other method)

IlI-2  Evidence obtained from comparative studies with concurrent controls and allocation
not randomised (cohort studies), case-controlled studies or interrupted time series
with a control group

IlI-3  Evidence obtained from comparative studies with historical control, two or more
single-arm studies, or interrupted time series without a parallel control group

\Y, Evidence obtained from case series, either post test or pretest and post-test

Clinical practice points

| Recommended best practice based on clinical experience and expert opinion

5t Edition | Acute Pain Management: Scientific Evidence
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Quality scoring

As for the fourth edition, evidence was subjected to quality scoring and other types of references
identified to enhance the value of the information provided.

Systematic reviews and meta-analyses

e Reviews performed by the Cochrane Collaboration are identified as [Cochrane] in the text
eg (Derry 2013 Level I [Cochrane]);

e Reviews that overtly state that the review conformed with an evidence-based minimum
set of items for reporting referred to as Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) (Liberati 2009 GL) are identified as [PRISMA] eg (Moore 2014
Level | [PRISMA]);

e Reviews that overtly state that the review conformed with standards previously published
as Quality of Reporting of Meta-analyses (QUOROM) (Moher 1999 GL), a precursor of
PRISMA, are identified as [QUOROM] eg (Macedo 2006 Level |1 [QUOROM]);

¢ Non-Cochrane meta-analyses (of RCTs) that did not provide evidence of using PRISMA or
QUOROM quality and reporting methods are only labelled Level | eg (Thorlund 2014 Level I);

e Systematic reviews that included studies other than RCTs are assigned the level of
evidence of their lowest level component studies (as outlined in the NHMRC designation
of evidence levels [NHMRC 1999 GL]) and identified by SR following the level of evidence
eg (von Plato 2018 Level IV SR [PRISMA], 9 RCTs & 10 studies, n=949);

* Network meta-analyses are identified as [NMA] eg (Martinez 2017 Level | (NMA),
135 RCTs, n=13,287).

For all systematic reviews and meta-analyses, the number of RCTs for Level | and the number
of studies for all other levels is reported as well as the number of subjects included in these, if
reported or immediately obvious eg (Rabbie 2013 Level | [Cochrane], 9 RCTs, n=4,473); if this is not
the case, the term unspecified is used eg (Hughes 2011 Level IV SR, 5 studies, n unspecified).

Randomised-controlled trials
The Jadad scoring instrument was used to score the quality of all RCTs (Level Il) (Jadad 1996).
The Jadad Score (JS) ranges from 0 (lowest quality) to 5 (highest quality) and is based on
randomisation and blinding methods used and accurate accounting of study participants.

In addition to the Jadad score, the number of patients randomised (prior to dropouts)
is reported for all Level Il references eg (Chan 2010 Level Il, n=4,484, JS 5).

Other evidence

No quality evaluation was undertaken for lower ranked evidence (Level Il and Level IV), when
this was the highest available level of evidence. However, the number of patients or events
included is provided if reported in the publication and the size of the study relates to the quality
of the evidence eg (Morton 2010 Level IV, n=5,065).

Identification of other types of references

Narrative reviews containing such evidence are identified by NR following the reference eg
(Graham 2013 NR). Other study types have been included where relevant and identified by a
research identifier following the reference. Thus, readers will find CR (for case report) eg (Madadi
2010 CR), GL for clinical practice guidelines eg (Kowalski 2011 GL), BS if presenting basic science or
animal data eg (LaCrois-Fralish 2011 BS), PK if presenting pharmacokinetic study eg (Holford 2012
PK) and EH if presenting human experimental data eg (Saxena 2013 EH). The latter two were also
assigned an evidence level in line with NHMRC hierarchy if applicable eg (Williams 2002 Level Il PK,
n=96, JS 4).
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INTRODUCTION

Conflicting evidence

If evidence was consistent, the most recent, highest hierarchy and highest quality references
were used. If evidence was conflicting, the same approach was taken (identifying highest level,
highest quality evidence); however, examples were given of differences within the literature so
that readers could appreciate the ongoing debate. In some instances, particularly in acute pain
management in various patient populations, evidence was limited to case reports only, which is
made clear in the document as the best available evidence in this instance.

Key messages

Key messages for each topic are given ranked by the highest level of evidence available to
support them, or with a tick box symbol indicating that they are based on clinical experience or
expert opinion. Levels of evidence were documented according to the NHMRC designation and,
as for the previous four editions of this document, clinical practice points have been added.

Key messages are presented in order of level of evidence from the highest to the lowest. Key
messages referring to information extracted from Cochrane meta-analyses were marked “Level |
[Cochrane Review]”, and these were listed first, followed by those marked “Level | [PRISMA]”,
“Level | [QUOROM]” and “Level I”. Level Il evidence was included in key messages if supported by
a single sufficiently large, or at least two smaller, high quality Level Il studies as determined by the
editors. Key messages based on lower levels of evidence than Level Il are presented with those
based upon systematic reviews listed before those based on studies at each level of evidence.

There is no standard approach to updating wording or strength of evidence of existing
guideline recommendations (Vernooij 2014 GL). An indication of how the key messages in this fifth
edition relate to those in the preceding fourth edition is provided. An adapted version of the
system used by Johnston et al (Johnston 2003) to reflect the implications of new evidence on
clinical recommendations was therefore used as previously. Where the new evidence led to
reversal of a conclusion and key message, this was noted in the text.

Review and revision of key messages

New New evidence leads to new key message(s).

Unchanged The new evidence is consistent with the data used to formulate the original
key message. The key message in the original report remains unchanged.

Strengthened  The new evidence is consistent with the data used to formulate the original
key message. The key message in the original report remains unchanged or
expanded. The level of evidence and/or content of the key message in the
original report has been strengthened to reflect this additional evidence.

Weakened The new evidence is inconsistent with the data used to inform the original
key message(s). However, the new evidence does not alter the key
message but weakens the level of evidence.

Qualified The new evidence is consistent with the data used to formulate the original
key message. The key message in the original report remains unchanged
but applicability may be limited to specific patient groups/ circumstances.

Reversed The new evidence is inconsistent with the data used to inform the original
key message(s). The strength of the new evidence alters the conclusions of
the original document.
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Note Clinical and scientific judgement informed the choices made by the editorial working
group members; there was no mandatory threshold of new evidence (eg number of
studies, types of studies, magnitude of statistical findings) that had to be met before
classification into categories occurred.

The first letter of each of the words (New, Unchanged etc) was used to denote the
changes (if any) from the last edition of this document.
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Summary of key messages

A description of the levels of evidence and associated symbols can be found in the Introduction
(see pages vi to x).

1.0 | Physiology and psychology of acute pain

Applied physiology of acute pain

1. High pain-related fear avoidance beliefs in patients with back pain of less than 6 months
duration are associated with poor outcomes, which may be improved by treatment
approaches aimed at fear avoidance (U) (Level | [PRISMA]).

2. There is a significant association between high levels of catastrophising in acute and
subacute back pain and pain and disability at later points of time (U) (Level 111-2 SR).

3. Psychological factors associated with poor postoperative pain control are in particular
anxiety (state and trait) and catastrophising, but also expectation of pain, depression,
negative affect and neuroticism/psychological vulnerability (S) (Level IV SR [PRISMA]).

4. There is significant association between anxiety, pain catastrophising (U) (Level 11l-2 SR),
depression, psychological vulnerability and stress (U) (Level IV SR) and the subsequent
development of chronic postsurgical pain.

5. Preoperative anxiety and depression are associated with an increased number of PCA
demands and dissatisfaction with PCA (U) (Level IV).

M Pain is an individual, multifactorial experience influenced by culture, previous pain events,
beliefs, mood and ability to cope (U).

Placebo and nocebo effects in acute pain

1. Responses to placebo across all clinical conditions are small but consistently positive. They
are more prominent, although highly variable in magnitude, in studies of pain (U) (Level I
[Cochrane Review]).

2. Nocebo effects in studies of pain are of moderate to large size and of high variability (U)
(Level I [PRISMA]).

3. Trials aimed at studying placebo effects demonstrate larger placebo effects than those
assessing responses in placebo-control groups (U) (Level | [QUOROM]).

4. Analgesic placebo effects are based upon multiple neurobiological mechanisms, including
involvement of endogenous opioid, cholecystokinin (U) (Level Il), endogenous
cannabinoid systems (U)(Level lll-1) and genotype (N) (Level I1I-2).

5. Analgesic placebo effects are based upon multiple psychological determinants including
expectancy, classical conditioning and social and observational learning (S) (Level II).

6. Placebo and nocebo effects have significant influence on the efficacy of analgesics (U)
(Level ).

M Placebo effects are the consequence of the psychosocial context (or treatment ritual) on
the patient’s mind, brain and body (U).
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SUMMARY OF KEY MESSAGES

Placebo effects occur in routine clinical care even when no traditional placebo is given.
The outcome of a treatment is attributable to both the treatment itself and the contextual
(or placebo) component (U).

Nocebo effects occur in routine clinical care and are seen as an increased pain response to
a painful stimulus or the development of adverse effects not caused by, or separate from,
the intervention (U).

Ethical harnessing of placebo and minimisation of nocebo effects will improve response to
clinical management interventions (U)

Progression of acute to chronic pain

10.

11.
12.

Perioperative IV ketamine reduces the incidence of chronic postsurgical pain in selected
procedures (S) (Level | [Cochrane Review]).

Following thoracotomy, epidural analgesia reduces the incidence of chronic postsurgical
pain (S) (Level I [Cochrane Review]).

Following breast cancer surgery, paravertebral block (S), local infiltration (N) (Level |
[Cochrane Review]) and IV lidocaine reduce the incidence of chronic postsurgical pain (N)
(Level I [PRISMA]).

For iliac crest bone graft harvest, continuous local anaesthetic infiltration reduces the
incidence of chronic postsurgical pain (N) (Level | [Cochrane Review])

Pregabalin reduces the incidence of chronic postsurgical neuropathic pain, but does not
affect non-neuropathic chronic postsurgical pain (N) (Level | [PRISMA]).

Sparing of the intercostobrachial nerve during mastectomy does not decrease chest wall
hypersensitivity (U) (Level I [PRISMA]).

Cryoanalgesia of the intercostal nerves at the time of thoracotomy results in no
improvement in acute pain but an increase in chronic pain (U) (Level I).

There is significant association between anxiety, pain catastrophising (U) (Level 111-2 SR),
depression, psychological vulnerability and stress (U) (Level IV SR) and the subsequent
development of chronic postsurgical pain.

Other risk factors that predispose to the development of chronic postsurgical pain include
the severity of presurgical chronic pain and postsurgical acute pain and intraoperative
nerve injury (U) (Level IV SR).

Spinal anaesthesia in comparison to general anaesthesia reduces the risk of chronic
postsurgical pain after hysterectomy and Caesarean section (U) (Level 111-2).

Chronic postsurgical pain is common and may lead to significant disability (S) (Level IV).
Chronic postsurgical pain often has a neuropathic component (S) (Level IV).

Gabapentin has no demonstrated effect in preventing chronic postsurgical pain;
considerable uncertainty exists regarding efficacy with contradictory meta-analyses of a
few, usually small, studies with a large degree of heterogeneity (Q).

Implementation of transitional pain services may help manage the complex issues of
prolonged postoperative opioid use and chronic postsurgical pain (N).
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Pre-emptive and preventive analgesia

Pre-emptive analgesia

1. The timing of opioid administration (preincision rather than postincision) may reduce
further opioid consumption over 24 h, but has no effect on pain scores (N) (Level |
[Cochrane Review])

2. Pre-emptive use of paracetamol across a range of procedures reduces pain scores up to 2 h,
opioid consumption for up to 24 h and postoperative nausea and vomiting (N) (Level | [PRISMA]).

3. Pre-emptive epidural analgesia has a significant effect on postoperative pain relief (S) (Level I).

Preventive analgesia
4. Epidural, regional and systemic local anaesthetic administration shows preventive
analgesic effects in reducing chronic postsurgical pain (S) (Level I [Cochrane Review])

5. NMDA-receptor antagonists (ketamine) reduce the incidence of chronic postsurgical pain
in selected procedures (S) (Level | [Cochrane Review]).

M In clinical trials assessing acute postoperative pain for many systemic medicines, the range
of doses administered, the variable durations of follow-up and variable half-lives following
infusion or repeated dosing means that “early” preventive effects, although possible, are
difficult to discern from persistence of direct pharmacological effects (U).

Adverse physiological effects of acute pain

1. Recognition of the importance of postoperative rehabilitation including pharmacological,
physical, psychological and nutritional components has led to enhanced recovery (U)
(Level I [PRISMA]).

M Acute pain and injury of various types are inevitably interrelated and, if severe and
prolonged, the injury response becomes counterproductive and can have adverse effects
on outcome (U).

Adverse psychological effects of acute pain

1. Postoperative delirium is exacerbated by unrelieved acute pain and by overuse of
sedating analgesics, in particular opioids (N) (Level IV).

M Failure to relieve acute pain can lead to psychological distress (N).

Genetics and acute pain

1. CYP2D6 polymorphisms affect plasma concentrations of active metabolites of codeine,
oxycodone and tramadol with variable effects on analgesic efficacy (U) (Level Il).

2. The mu opioid receptor OPRM1 polymorphism is unlikely to be clinically relevant as a
single gene mutation in Caucasian populations and is more likely to be of clinical
relevance in Asian populations (U) (Level 111-2 SR).

3. CYP2D6 ultrarapid metabolisers are at increased risk of codeine and tramadol toxicity (U)
(Level IV).

M Genetic polymorphisms contribute to the wide interindividual variability in plasma
concentrations of a given dose of methadone (U).
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2.0 | Assessment and measurement of pain and pain treatment

Assessment

1. There is good correlation between the visual analogue and verbal numerical rating scales
(S) (Level 1).

2. Regular assessment of pain leads to improved acute pain management (U) (Level 111-3).

3. Appropriate assessments (including screening tools) are required to determine the
presence of neuropathic pain (N) (Level 111-2).

M Functional outcomes rather than pain scores alone should be used to guide acute pain
management, including non-pharmacological approaches (N).

M Self-reporting of pain should be used whenever appropriate as pain is by definition a
subjective experience (U).

M The pain measurement tool chosen should be appropriate to the individual patient and
the clinical context (eg intensive care, ward, community). Developmental, cognitive,
emotional, language and cultural factors should be considered (U).

M Scoring should incorporate different components of pain including the functional capacity
of the patient. In the postoperative patient, this should include static (rest) and dynamic
(eg pain on sitting, coughing) pain (U).

M Uncontrolled or unexpected pain requires a reassessment of the diagnosis and
consideration of alternative causes for the pain (eg new surgical/ medical diagnosis,
neuropathic pain) (U).

Outcome measures in acute pain management

1. Assessment of pain relief (with total pain relief [TOTPAR]) may be more sensitive to
treatment effects than assessment of intensity (with summed pain intensity difference
[SPID]) (N) (Level I [PRISMA]).

M Multiple outcome measures are required to adequately capture the complexity of the
pain experience and how it may be modified by pain management interventions (U).

3.0 | Provision of safe and effective acute pain management

Education

1. Thereis no good evidence in favour of general education for acute neck pain having
significant effects on any relevant outcomes (U) (Level | [Cochrane Review]).

2. Short educational interventions in acute whiplash injury reduce pain and disability and
enhance recovery and mobility (U) (Level I [PRISMA])

3. There is limited evidence that preoperative education may lead to small improvements in
postoperative outcomes such as pain, preoperative and postoperative anxiety, but not in
analgesic requirements (Q) (Level I [PRISMA]).
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4. General “biomedical” education in patients with acute back pain does not reduce pain or
improve other outcomes (S) (Level 1); however, education using a “biopsychosocial/
neuroscience” approach reduces a composite of anxiety, fear, worry, distress and
healthcare utilisation (N) (Level | [PRISMA]).

5. Targeted reassurance in acute back pain by physicians in primary care can result in
improved changes in psychological factors such as fear, worry, anxiety, catastrophisation
and healthcare utilisation (U) (Level | [PRISMA].

6. Preoperative education improves patient or carer knowledge of pain and encourages a
more positive attitude towards pain relief (U) (Level I1).

7. Specific pain neuroscience education in specific surgical settings may result in less
healthcare utilisation (U) (Level II).

8. Written information given to patients is better than verbal information given at the time
of the interview (S) (Level II).

9. Educational interventions in cancer pain patients improve knowledge, attitudes and pain
control (U) (Level 1ll-1 SR).

10. While evidence for the benefit of patient education in terms of better pain relief is
inconsistent, structured preoperative education may be better than routine information
(U) (Level 111-2).

11. Staff education and the use of guidelines improve pain assessment, pain relief and
prescribing practices (S) (Level 11I-3).

12. Pain psychoeducation undertaken before surgery (pre-emptive) or throughout the
perioperative period (preventive) is an underutilised component of multimodal analgesia
which may reduce pain intensity, analgesic use, length of stay, return to the emergency
department, patient anxiety and possibly chronic postsurgical pain (N) (Level IV SR).

13. Pain score documentation improves with various forms of nursing education, but the impact of
this behaviour change has not been adequately assessed (N) (Level IV SR).

14. Pain medicine education in medical school curricula is restricted in scope and content (N)
(Level IV SR).

M Successful management of acute pain requires close liaison between all personnel
involved in the care of the patient (U).

M More effective acute pain management will result from appropriate education and
organisational structures for the delivery of pain relief rather than the analgesic
techniques themselves (U).

Organisational requirements

1. Implementation of an acute pain service may improve pain relief and reduce the incidence
of adverse effects (U) (Level 11I-3).

2. Even “simple” techniques of pain relief can be more effective if attention is given to
education, documentation, patient assessment and provision of appropriate guidelines and
policies (U) (Level 11I-3).
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3. Implementation of root-cause analysis to follow up critical incidents improved the safety of
patients under care of an acute pain service (U) (Level 111-3).

M Successful management of acute pain requires close liaison between all personnel
involved in the care of the patient (U).

M More effective acute pain management will result from appropriate education and
organisational structures for the delivery of pain relief rather than the analgesic
techniques themselves (U).

M Appropriate institutional support and engagement is important for the effective
implementation of an acute pain service (U).

M Procedure-specific analgesic protocols can help optimise analgesia for the individual
patient while reducing adverse effects (U).

M The adoption of individualised care pathways (eg SCAMPS) can improve patient outcomes
and reduce clinical variation (N).

M The benefit of an acute pain service can be enhanced when acute pain management is
integrated into the pre, intra and postoperative periods (N).

M The recruitment of patients ‘at-risk’ for persistent pain and/or excessive opioid use into a
post-discharge treatment service for early review can improve outcomes (N).

M Appropriately designed, implemented and integrated Electronic Medical Records (EMR)
can improve the standards of clinical care (N).

Economic considerations in acute pain management

1. Long term economic consequences from the progression of acute to chronic postsurgical
and post-traumatic pain can be significant (S) (Level IV).

2. Strategies to optimise acute and subacute pain management (including involvement of
transitional pain services) may reduce the economic burden of chronic pain and
inappropriate prescription opioid use (N) (Level IV).

3. The early pattern of prescription opioid use after surgery may increase the risk of chronic
use with significant direct and indirect economic costs (N) (Level IV).

4. Patients’ willingness to pay for good pain relief is high (S) (Level IV).

5. Costs from PCA errors can be considerable; the most common high cost errors arise from
staff communication error and operator error (S) (Level IV).

M There are different measures of economic assessment and analysis used in healthcare; no
one method is the most appropriate (U).

M Prescription drug monitoring may reduce the economic burden through its impact on
inappropriate opioid prescribing (N).
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4.0 | Analgesic medicines

Paracetamol

1. Paracetamol is an effective analgesic for acute pain; the incidence of adverse effects is
comparable to placebo (U) (Level I [Cochrane Review]).

2. Paracetamol given in addition to PCA opioids reduces opioid consumption but does not
result in a decrease in opioid-related adverse effects (U) (Level I).

3. Hepatotoxicity with therapeutic doses of paracetamol is extremely rare (U) (Level IV) and
not associated with alcohol consumption (U) (Level I [PRISMA]).

M Emerging evidence suggests that maternal paracetamol use may influence premature

closure of the fetal ductus arteriosus (N).

Nonselective NSAIDs and coxibs

Efficacy of systemic NSAIDs

1.

Nonselective NSAIDs are effective in the treatment of acute postoperative pain, renal colic,
migraine, primary dysmenorrhoea (S) (Level | [Cochrane Review]), acute muscle injury (N) (Level
I [PRISMA]), chronic low-back pain (U) (Level | [PRISMA]) and acute ankle sprain (U) (Level I).

Coxibs are as effective as nonselective NSAIDs in the treatment of acute pain (including
postoperative pain) (S) (Level I [Cochrane Review]), chronic low-back pain (U) (Level |
[PRISMA]) and osteoarthritis of the knee (N) (Level | [PRISMA]).

Nonselective NSAIDs given in addition to paracetamol improve analgesia compared with
either medicine given alone (S) (Level 1), in particular ibuprofen combined with paracetamol
(U) (Level I [Cochrane Review]).

The risk-benefit ratio for coxibs as a discharge medication after orthopaedic surgery is
superior to that for nonselective NSAIDs (U) (Level I [PRISMA]).

Nonselective NSAIDs given in addition to PCA opioids reduce opioid consumption and the
incidence of nausea and vomiting (U) (Level I).

Coxibs given in addition to PCA opioids reduce opioid consumption but do not result in a
decrease in opioid-related adverse effects (U) (Level I), except after total knee arthroplasty,
where they reduce pain scores and adverse effects and improve outcomes (U) (Level I).

Celecoxib given as a single pre-operative dose is effective at reducing opioid usage, pain
scores at 24 hours and postoperative nausea and vomiting (N) (Level I).

Adverse effects of systemic NSAIDs

8.

In patients with normal preoperative renal function nonselective NSAIDs slightly increase
serum creatinine, but effects on acute kidney injury and need for renal replacement
therapy are uncertain due to lack of evidence (W) (Level | [Cochrane Review]).

Nonselective NSAIDs may increase the risk of any bleeding-related outcome after
tonsillectomy in adults (U) (Level I); however, not in paediatric patients (U) (Level I
[Cochrane Review]) except in a large non-inferiority RCT where need for surgical
intervention was increased with ibuprofen versus paracetamol (Q) (Level Il). There is an
increase in bleeding complications with aspirin in adults and children (U) (Level I) and with
ketorolac in adults only (U) (Level 111-2 [PRISMA]).
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Nonselective NSAIDS, but not coxibs, may cause bronchospasm in individuals known to
have NSAID-exacerbated respiratory disease (U) (Level I [PRISMA]).

Coxibs and nonselective NSAIDs exert individual (non-class) adverse effects on the
cardiovascular system with rofecoxib appearing to be worse than other coxibs and
nonselective NSAIDs (N) (Level I). Celecoxib is no worse than naproxen or ibuprofen (N)
(Level 1) and better than ibuprofen when combined with aspirin (N) (Level II).

Short-term use of parecoxib (S) (Level I) and other NSAIDs (U) (Level 111-2) compared with
placebo does not increase the risk of cardiovascular adverse effects after noncardiac
surgery.

Use of parecoxib followed by valdecoxib after coronary artery bypass graft surgery
increases the incidence of cardiovascular and cerebrovascular effects and is therefore
contraindicated (U) (Level I).

Perioperative nonselective NSAIDs may increase the risk of minor and major bleeding after
surgery compared with placebo (W) (Level 1).

Coxibs do not impair platelet function and are not associated with increased perioperative
blood loss (S) (Level I).

In patients with normal renal function, parecoxib perioperatively does not increase renal
failure (N) (Level I).

NSAIDs hasten bowel recovery after colorectal surgery (N) (Level ).

With regard to renal function, celecoxib and naproxen are safer than ibuprofen with long-
term use (N) (Level II).

Short-term use (5—7 days) of coxibs results in gastric ulceration rates similar to placebo and
lower than nonselective NSAIDs (U) (Level II).

The cardiovascular protective effects of low-dose aspirin are reduced by concomitant
administration of some NSAIDs, in particular ibuprofen (S) (Level I).

Nonselective NSAIDs, but not coxibs increase the risk of anastomotic leak after colorectal
surgery (N) (Level 111-2).

Short term use of ketorolac or ibuprofen do not increase bone healing complications in
children undergoing posterior spinal fusion, osteotomy, or fractures managed surgically
(S) (Level 111-3) or conservatively (N) (Level 11I-3).

Chronic administration of nsNSAIDs or coxibs is associated with an increased risk of renal
impairment (N) (Level 111-3 SR).

The risk of adverse renal effects of nonselective NSAIDs and coxibs may be increased in the
presence of factors such as pre-existing renal impairment, hypovolaemia, hypotension and
use of other nephrotoxic agents including angiotensin-converting enzyme inhibitors (W).

Nonsystemic administration of NSAIDs

1.

Topical NSAIDs are effective in treating acute strains, sprains or sports injuries with
systemic adverse effects comparable to placebo; gel formulations show superior efficacy
over creams (S) (Level | [Cochrane Review]).
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Topical NSAIDs are of limited analgesic efficacy for traumatic corneal abrasions, but reduce
rescue analgesia requirements (W) (Level | [Cochrane Review]).

Topical NSAIDs reduce anterior chamber inflammation and thereby pain after cataract
surgery (N) (Level | [PRISMA]).

. The efficacy of NSAIDs for peri- or intra-articular injection as a component of local

infiltration analgesia compared with systemic administration remains unclear (U) (Level |
[PRISMA]).

Intra-articular nonselective NSAIDs may provide more effective analgesia following
arthroscopy than intravenous administration (U) (Level I).

Mucosal administration of flurbiprofen provides long-lasting pain relief for sore throat (N)
(Level I1).

Opioids

Systemic opioids

1.
2.
3.

10.

11.

Dextropropoxyphene has low analgesic efficacy (U) (Level | [Cochrane Review]).
Tramadol is an effective treatment for neuropathic pain (S) (Level | [Cochrane Review]).

Droperidol, metoclopramide, ondansetron, tropisetron, dolasetron, dexamethasone,
cyclizine, granisetron (U) (Level | [Cochrane Review]), supplemental crystalloid infusions
(N) (Level I [Cochrane Review]), palonosetron and mirtazapine (N) (Level I [PRISMA]) are
effective in the prevention of postoperative nausea and vomiting.

PC6 acupoint stimulation by multiple techniques reduces postoperative nausea and
vomiting (S) (Level I [Cochrane Review]).

Neurokinin-1 receptor antagonists aprepitant (S) (Level I [PRISMA]) and fosaprepitant (U)
(Level 1) are effective in the prevention of postoperative nausea and vomiting.

Intraoperative administration of the long acting opioid methadone reduces consumption
of shorter acting opioids in the 24 hours after surgery (N) (Level | [PRISMA]). Safety data
suggest an increased risk of opioid induced ventilatory impairment due to the long and
unpredictable half-life of methadone (N) (Level IV).

Opioids in high doses, in particular remifentanil, can induce hyperalgesia and/or acute
tolerance (S) (Level I [PRISMA]).

Propofol (U) (Level I [PRISMA]), NMDA-receptor antagonists (U) (Level | [QUOROM]),
pregabalin (U) (Level Il), nitrous oxide (N) (Level Il) and gradual tapering of remifentanil
dose (N) (Level Il) attenuate acute tolerance and/or hyperalgesia induced by remifentanil.

NSAIDs, gabapentin, pregabalin, systemic lidocaine and ketamine are opioid-sparing
medications and reduce opioid-related adverse effects (S) (Level | [PRISMA]).

Paracetamol given preoperatively and intraoperatively reduces postoperative nausea and
vomiting; this effect is associated with improved analgesia, not reduced opioid
requirements (S) (Level | [PRISMA]).

Opioid antagonists (methylnaltrexone, naloxone, naloxegol, alvimopan, axelopran, or
naldemedine) are effective (more so than laxatives) and safe to treat opioid-induced
constipation (S) (Level I [PRISMA]).
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Alvimopan is an effective treatment for postoperative ileus (U) (Level | [QUOROM]).

Haloperidol, perphenazine and transdermal scopolamine are effective in the prevention
of postoperative nausea and vomiting (U) (Level I).

The incidence of clinically meaningful adverse effects (nausea, vomiting) of opioids is
dose-related (U) (Level I).

Paired combinations of 5HTs antagonists, droperidol or dexamethasone provide superior
prophylaxis of postoperative nausea and vomiting than either compound alone (U) (Level 1).

Naloxone, naltrexone, droperidol (U), nalbuphine (S) (Level 1) and ondansetron (N) (Level |
[PRISMA]) are effective treatments for opioid-induced pruritus.

Opioids administered by PCA, in particular morphine, show higher analgesic efficacy in
females than in males (U) (Level I).

Tapentadol has similar efficacy to conventional opioids with a reduced rate of
gastrointestinal adverse effects (nausea, vomiting, constipation) (S) (Level 1).

Tramadol has a lower risk of respiratory depression and impairs gastrointestinal motor
function less than other opioids at equianalgesic doses (U) (Level Il).

Pethidine is not superior to morphine or hydromorphone in treatment of pain of renal
colic (U) (Level I1).

Morphine-6-glucuronide is an effective analgesic (U) (Level I1).

In the management of acute pain, one opioid is not superior to others but some opioids
are better in some patients (U) (Level II).

High doses of methadone can lead to prolonged QT interval (U) (Level Il).

Opioid antagonists are effective treatments for opioid-induced urinary retention (U)
(Level 11I-1).

Pethidine use is associated with an increased risk of delirium in the postoperative period
compared to other opioids (S) (Level 11I-2 SR).

In clinically relevant doses, there is a ceiling effect for respiratory depression with
buprenorphine but not for analgesia (U) (Level I1I-2).

Tapentadol has lower rates of abuse and doctor shopping than oxycodone (S) (Level 111-2).

Opioid-related adverse effects in the postoperative period are associated with increased
inpatient mortality, length of hospital stay, costs and rates of readmission (S) (Level 111-2).

Assessment of sedation is a more reliable way of detecting early opioid-induced
ventilatory impairment than a decreased respiratory rate (S) (Level 111-3).

The evidence for significant QT prolongation and risk of cardiac arrhythmias following
low-dose droperidol, haloperidol and dolasetron is weak (U) (Level 11I-3).

Opioid-induced ventilatory impairment occurs in particular in the first 24 h after surgery
and important risk factors are cardiac and pulmonary disease, obstructive sleep apnoea
and use of higher opioid doses (N) (Level IV SR [PRISMA]).
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32. Continuous pulse oximetry in patients receiving opioids postoperatively increases
detection rate of desaturation, but continuous capnography is superior in identifying
episodes of opioid-induced ventilatory impairment (N) (Level IV SR [PRISMA]).

33.In adults, patient age rather than weight is a better predictor of opioid requirements,
although there is a large interpatient variation (U) (Level IV).

34. Impaired renal function and the oral route of administration result in higher levels of the
morphine metabolite morphine-6-glucuronide with increased risk of sedation and
respiratory depression (U) (Level IV).

34.CYP2D6 ultrarapid metabolisers are at increased risk of codeine toxicity (N) (Level IV).

M Opioid-induced ventilatory impairment is a more appropriate term to describe the effects
of opioids on ventilation as it encompasses the central respiratory depression caused by
opioids and also the depressed consciousness and the subsequent upper airway
obstruction resulting from excessive opioid use (U).

M The use of pethidine and dextropropoxyphene should be discouraged in favour of other
opioids (S).

M Drug interactions relevant for opioids include pharmacodynamic considerations (eg
coadministration of sedative agents) and pharmacokinetic effects (eg CYP 450 enzyme
inducers or inhibitors [antidepressants for CYP2D6 and antifungals, antibiotics for CYP3A4
and complementary medicines for both]) (N).

Neuraxial opioids

Intrathecal opioids
1. Intrathecal morphine and intrathecal fentanyl prolong spinal local anaesthetic block, with
fentanyl being associated with fewer adverse effects (U) (Level | [PRISMA]).

2. Intrathecal morphine produces better postoperative analgesia than intrathecal fentanyl or
sufentanil after Caesarean section (U) (Level I).

3. Intrathecal morphine doses of 300 mcg or more increase the risk of respiratory depression
(V) (Level 1).

Epidural opioids

4. Epidural morphine provides similar analgesia to epidural fentanyl when combined with local
anaesthetic, although the incidence of nausea is greater with morphine (U) (Level |
[PRISMA]).

5. Extended-release epidural morphine provides analgesia for up to 48 hours (U) (Level ),
however it is associated with more respiratory depression than intravenous PCA following
abdominal surgery (U) (Level I).

6. Epidural pethidine produces better pain relief and less sedation than intravenous pethidine
after Caesarean section (U) (Level II).

M No neurotoxicity has been shown at normal clinical intrathecal doses of morphine,
fentanyl and sufentanil (U).

M Neuraxial administration of bolus doses of hydrophilic opioids carries an increased risk of
delayed sedation and respiratory depression compared with lipophilic opioids (U).
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Peripheral opioids

1.

Intra-articular morphine (1 mg) following knee arthroscopy does not improve analgesia
compared with placebo (S) (Level | [Cochrane Review]).

Intra-articular morphine/bupivacaine following knee arthroscopy compared to bupivacaine
alone improves analgesia without increasing adverse effects (N) (Level I [PRISMA]).

Perineural buprenorphine/local anaesthetic for peripheral nerve blocks compared to local
anaesthetic and to systemic buprenorphine/local anaesthetic prolongs duration of
analgesia (N) (Level I [PRISMA]).

Perineural tramadol/local anaesthetic for brachial plexus block compared to local
anaesthetic alone prolongs duration of analgesia (N) (Level | [PRISMA]).

Peripherally applied opioids (excluding intra-articular, perineural and mucosal
administration) show no clinically relevant analgesic effect (N) (Level I [PRISMA]).

Intra-articular tramadol/bupivacaine following knee arthroscopy compared to bupivacaine
alone improves analgesia without increasing adverse effects (N) (Level I).

Morphine mouthwash may have analgesic effects in chemotherapy-induced mucositis (N)
(Level I1).

Evidence for intra-articular analgesic administration is inconclusive for temporomandibular
joint arthrocentesis (N) (Level IV SR [PRISMA]).

Local anaesthetics and other membrane stabilisers

Systemic local anaesthetics and membrane stabilisers

1.

Perioperative intravenous lidocaine reduces pain and opioid requirements to a limited
extent following a range of surgery types, as well as nausea, but not vomiting, incidence
and duration of ileus and length of hospital stay (W) (Level | [Cochrane Review]).

In breast surgery, perioperative lidocaine infusion does not improve pain scores for up to
72 hours, but is associated with lower acute opioid requirements and less chronic
postsurgical pain at 3 to 6 months (N) (Level | [PRISMA])

Perioperative intravenous lidocaine has a preventive analgesic effect (extending beyond
5.5 half-lives of lidocaine, ie > 8 hrs after cessation of administration) after a wide range of
operations (U) (Level 1).

Both intravenous lidocaine and mexiletine are effective in the treatment of chronic
neuropathic pain (U) (Level I [Cochrane Review]); however, guidelines advise against the
use of mexiletine for this indication (N) (GL Level | [PRISMA]).

Perioperative IV lidocaine reduces chronic postsurgical pain at 3 months compared to
placebo (N) (Level I [PRISMA]).

M The optimal and safe dose and duration of perioperative intravenous lidocaine infusions

]

has yet to be clearly established (N).

Based on the experience in chronic neuropathic pain states, it would seem reasonable to
use membrane stabilisers including systemic lidocaine in the management of acute
neuropathic pain (U).
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The role and safety of IV lidocaine for analgesia in the emergency department still requires
clarification (N).

Regional local anaesthetics

10.

11.

]

Lidocaine intrathecal is more likely to cause transient neurologic symptoms than
bupivacaine, prilocaine and procaine (S) (Level | [Cochrane Review NMA]).

Local anaesthetics have chondrotoxic effects on articular cartilage, with ropivacaine the
least toxic (N) (Level I [PRISMA]).

Wound infiltration with liposomal preparations of bupivacaine is no more effective than
ropivacaine or plain bupivacaine for analgesic outcomes up to 48 hours (N) (Level |
[PRISMA]).

. The quality of epidural analgesia with local anaesthetics is improved with the addition of

opioids (U) (Level I).

Ultrasound guidance reduces the risk of vascular puncture during the performance of
regional blocks (S) (Level I).

Local anaesthetic systemic toxicity is reduced by the use of ultrasound guidance for regional
anaesthesia (S) (Level I).

Continuous perineural infusions of lidocaine result in less effective analgesia and more
motor block than long-acting local anaesthetic agents (U) (Level II).

There are no consistent differences between ropivacaine, levobupivacaine and bupivacaine
in terms of quality of analgesia or motor block, when given in low doses for regional
analgesia (epidural and peripheral nerve block) (U) (Level I1).

Cardiovascular and central nervous system toxicity of the stereospecific isomers ropivacaine
and levobupivacaine is less severe than with racemic bupivacaine (U) (Level Il).

Local anaesthetic systemic toxicity is increased in paravertebral and upper limb blocks, with
the use of lidocaine and higher doses of local anaesthetics (U) (Level IV).

Lipid emulsion is effective in resuscitation of circulatory collapse due to local anaesthetic
toxicity (S) (Level IV SR); however, uncertainties relating to dosage, efficacy and adverse
effects still remain; therefore, it is appropriate to administer lipid emulsion only once
ventilatory support has begun and convulsions are controlled (S) (Level IV).

Case reports following accidental overdose with ropivacaine, levobupivacaine and
bupivacaine suggest that resuscitation is less likely to be successful with bupivacaine (U).

Inhalational agents

1.

Nitrous oxide has some analgesic efficacy in labour pain (U), increases maternal adverse
effects (nausea, vomiting, dizziness) (U), with no adverse effects on the newborn (U) (Level |
[Cochrane Review]) and increases maternal satisfaction compared to pethidine and epidural
analgesia (U) (Level IV SR).

Nitrous oxide has equivalent effectiveness and more rapid recovery compared with
intravenous sedation in patients having lower gastrointestinal endoscopy (U) (Level I).
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Methoxyflurane, in low doses, is an effective analgesic with rapid onset in the prehospital
setting, and a range of procedures in the hospital setting (U) (Level Il) with good safety data
(S) (Level IV); it may have comparable efficacy to nitrous oxide (N) (Level I [NMA]), but is
inferior to IV morphine and IN fentanyl (N) (Level I1I-2 SR).

Nitrous oxide is an effective analgesic agent in a variety of other acute pain situations
(U) (Level I).

Intraoperative use of nitrous oxide reduces the incidence of chronic postsurgical pain in
Asian populations (N) (Level ).

Subacute combined degeneration of the spinal cord, myelopathy and generalised
demyelinating polyneuropathy are rare but potentially serious complications of nitrous
oxide use including in those abusing nitrous oxide (S) (Level IV SR).

Vitamin Bi2 deficiency (identified by vitamin B12 level <74 pmol/L and MCV >100 fL) and age
>40 years are relevant risk factors in nitrous oxide neurotoxicity; total nitrous oxide
exposure may not be a risk factor (N) (Level IV SR).

Early supplementation with Vitamin B12in subacute combined degeneration of the spinal
cord exacerbated by nitrous oxide use improves neurological recovery (N) (Level IV SR).

In patients receiving nitrous oxide repeatedly, supplementation with vitamin B1y,
methionine and folic or folinic acid is a consideration, in particular in those with risk
factors (Q).

If nitrous oxide is used with other sedative or analgesic agents, appropriate clinical
monitoring should be used (U).

NMDA-receptor antagonists

Systemic NMDA-receptor antagonists

1.

Perioperative IV ketamine reduces opioid consumption, pain intensity and postoperative
nausea and vomiting compared to placebo (S) (Level | [Cochrane Review]); similar
outcomes are achieved when ketamine is added to an opioid in a PCA pump (S) (Level |
[PRISMA]).

Perioperative IV ketamine reduces the incidence of chronic postsurgical pain in selected
procedures (S) (Level | [Cochrane Review]).

NMDA-receptor antagonists reduce the development of acute tolerance/opioid-induced
hyperalgesia associated with remifentanil use (S) (Level I [PRISMA]).

IV ketamine reduces ischaemic pain intensity in critical limb ischaemia (N) (Level I [PRISMA]).

IV magnesium as an adjunct to morphine analgesia has an opioid-sparing effect and
improves pain scores (S) (Level | [PRISMA]).

IV magnesium is effective in treatment of acute migraine attacks (N) (Level I [PRISMA]).

IV ketamine is effective in the treatment of neuropathic pain following spinal cord injury
(V) (Level 1).

Morphine/ketamine compared with higher doses of morphine alone improves analgesia
and reduces sedation and postoperative nausea and vomiting in postoperative patients
(U) (Level 1).
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IV ketamine does not increase intracranial pressure or reduce cranial perfusion pressure
compared to opioids (U) (Level I).

Perioperative dextromethorphan reduces opioid consumption and pain intensity
compared to placebo (N) (Level I)

Ketamine is a safe and effective analgesic in the prehospital setting (U) (Level Il).

Ketamine reduces postoperative pain and opioid requirements in opioid-tolerant patients
(S) (Level I1).

IV magnesium extends the duration of sensory block with spinal anaesthesia and reduces
subsequent postoperative pain (N) (Level II).

Increasing rates of ketamine abuse are reported, in particular from South-East Asia and
China (S).

Ketamine toxicity leads to cognitive impairment and abuse to chronic organ toxicity
(bladder, liver) (U).

Regional NMDA-receptor antagonists

1.

Neuraxial magnesium reduces pain intensity and analgesic requirements after Caesarean
section (N) (Level I [PRISMA].

Oral topical magnesium or ketamine (as gargle or lozenge) reduce the incidence of
postoperative sore throat (N) (Level | [PRISMA].

Intra-articular magnesium improves analgesia after arthroscopic surgery compared to
placebo (N) (Level I [PRISMA].

Magnesium added to local anaesthetics in peripheral nerve blocks prolongs sensory block
and analgesic effects (N) (Level I [PRISMA].

Epidural ketamine (without preservative) added to opioid-based epidural analgesia
regimens improves pain relief without reducing adverse effects (U) (Level I).

Caudal ketamine in children, in combination with local anaesthetic or as the sole
medication, improved and prolonged analgesia with few adverse effects (U) (Level I).

Variable results for regional and topical administration of ketamine and magnesium may
reflect systemic effects (N).

Antidepressant medicines

1.

2.

In chronic neuropathic pain and fibromyalgia, tricyclic antidepressants and serotonin—
noradrenaline-reuptake inhibitor are effective analgesics (W) and more effective than
selective serotonin-reuptake inhibitors (U) (Level | [Cochrane Review]).

Tricyclic antidepressants are effective in the treatment of chronic headaches (U)
(Level I [PRISMA]).

Duloxetine is as effective as other first-line treatments for pain and disability of
osteoarthritis (U) (Level ).

Some antidepressants, in particular duloxetine, may be effective in the treatment of
chronic low-back pain (U) (Level I).
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5. Perioperative serotonin-noradrenaline reuptake inhibitors reduce acute pain and opioid
requirements in a limited number of studies (U) (Level II).

M Based on the experience in chronic neuropathic pain states, it would seem reasonable to
use tricyclic antidepressants and serotonin—noradrenaline-reuptake inhibitors in the
management of acute neuropathic pain (U).

M To minimise adverse effects, it is advisable to initiate treatment with tricyclic
antidepressants at low doses (U).

Anticonvulsant medicines

1. Alpha-2-delta ligands (gabapentinoids) are the only anticonvulsants with proven efficacy
in the treatment of chronic neuropathic pain (S) (Level I [Cochrane Review]).

2. Pregabalin is the only anticonvulsant with proven but limited efficacy in chronic pain due
to fibromyalgia (S) (Level I [Cochrane Review]).

3. Perioperative alpha-2-delta ligands (gabapentinoids) reduce postoperative pain and
opioid requirements, in particular after more painful surgery (Q) and reduce the incidence
of postoperative nausea and vomiting (S) as well as pruritus (S), but increase the risk of
sedation (S) and visual disturbances (N) (Level I [PRISMA]).

4. Overdose toxicity of alpha-2-delta ligands is increased when taken in combination with
other agents that cause sedation, particularly opioids (N) (Level IlI-2).

5. Alpha-2-delta ligands have the potential for misuse and abuse, in particular in patients
with opioid use disorder or psychiatric comorbidity (N) (Level IV SR).

I Based on the experience in chronic neuropathic pain states, it would seem reasonable to
use alpha-2-delta ligands in the management of acute neuropathic pain (U).

Alpha-2 agonists

Systemic alpha-2 agonists
1. Alpha-2 agonists such as clonidine are more effective than placebo in the management of
opioid-withdrawal symptoms (U) (Level I [Cochrane Review]).

2. The perioperative use of clonidine systemically (excluding transdermal administration)
does not reduce pain intensity (at 24 or 48 hours) (Q) (Level 1) but reduces opioid
consumption and postoperative nausea and vomiting versus placebo (Q) (Level |
[PRISMA]).

3. The perioperative use of the systemic dexmedetomidine reduces postoperative pain
intensity, opioid consumption and requirements for rescue analgesia (S) without effect on
postoperative nausea and vomiting (N) (Level | [PRISMA]).

4. The IV administration of dexmedetomidine combined with intrathecal local anaesthetic
prolongs time to first analgesic request (N) (Level I [PRISMA]).

Regional alpha-2 agonists

1. Neuraxial clonidine improves duration and quality of analgesia and is opioid sparing when
used as an adjuvant to neuraxial local anaesthetics (in particular after Caesarean section)
(S) (Level I [PRISMA]) or to morphine (U) (Level I [PRISMA]), but increases the risk of
hypotension and sedation (N) (Level | [PRISMA]).
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2. Neuraxial dexmedetomidine improves duration and quality of analgesia when used as an
adjuvant to neuraxial local anaesthetics (S) (Level | [PRISMA]).

3. Intrathecal adrenaline (epinephrine) when combined with local anaesthetic, but not with
intrathecal opioids, prolongs analgesia duration (U) (Level | [PRISMA]).

4. Dexmedetomidine when added to local anaesthetics for peripheral nerve blocks improves
duration and quality of analgesia, but is associated with increased hypotension and
bradycardia (S) (Level | [PRISMA]).

5. Intra-articular clonidine reduces pain scores for 4 hours, need for rescue analgesia and
incidence of nausea, but increases hypotension (N) (Level | [PRISMA])

6. Clonidine improves duration of analgesia and anaesthesia when used as an adjuvant to
local anaesthetics for peripheral nerve and plexus blocks but is associated with increased
hypotension and bradycardia (U) (Level I).

7. Dexmedetomidine added to intravenous regional anaesthesia improves and prolongs
analgesia (U) (Level Il).

8. Epidural adrenaline (epinephrine) in combination with a local anaesthetic improves the
quality of postoperative thoracic epidural analgesia (U) (Level II).

M The benefits of perineural adjuvant administration of alpha-2-agonists over systemic
administration remains unclear (N).

Salmon calcitonin and bisphosphonates

1. Bisphosphonates reduce bone pain associated with metastatic breast cancer (U), multiple
myeloma (S) and Paget’s disease (N) (Level I [Cochrane Review]), but have no beneficial
effect for knee arthritis (N) (Level I).

2. Salmon calcitonin reduces pain and improves mobilisation in the acute phase after
osteoporosis-related vertebral compression fractures (U) (Level I [PRISMA]).

3. Bisphosphonates reduce pain in patients with CRPS Type 1 in the early phase of the
disease (N) (Level I).

4. Salmon calcitonin reduces acute, but not chronic, phantom limb pain (U) (Level ll).

5. Pamidronate reduces pain associated with acute osteoporotic vertebral compression
fractures (U) (Level I1).

Cannabis, cannabinoids and cannabimimetics

1. Adverse effects including dizziness, cognitive changes and psychiatric symptoms
(eg psychosis) may limit the usefulness of cannabinoids in pain treatment (S) (Level |
[Cochrane Review]).

2. Current evidence does not support the use of cannabinoids in acute pain management (S)
(Level I [PRISMA]).

3. Smoking cannabis has short-term efficacy in neuropathic pain in patients with HIV/AIDS,
although potential study bias means that this is not recommended as routine treatment
(Q) (Level I [PRISMA]).
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Cannabinoids appear to be mildly effective when used in the treatment of pain and
spasticity associated with multiple sclerosis and HIV (W) (Level 111-2 SR [PRISMA]).

Smoked cannabis increases the risk of acute coronary syndrome and chronic
cardiovascular disease (N) (Level IV SR).

Corticosteroids

Systemic corticosteroids

1.

Mild increase in blood glucose concentration follows perioperative administration of
dexamethasone (S) (Level | [Cochrane Review]) and all corticosteroids (S) (Level |
[PRISMA), particularly in patients with diabetes mellitus.

Perioperative administration of dexamethasone (N) (Level | [Cochrane Review]) and all
corticosteroids (N) (Level I [PRISMA]) does not increase the risk of infection.

Perioperative administration of dexamethasone reduces postoperative pain and opioid
requirements to a limited extent but also reduces nausea and vomiting, fatigue, and
improves the quality of recovery compared with placebo (U) (Level | [PRISMA]).

Preoperative dexamethasone appears to be more effective than intraoperative or
postoperative administration (U) (Level | [PRISMA]).

Perioperative corticosteroids do not increase the risk of impaired wound healing,
anastomotic leakage or postoperative haemorrhage (N) (Level I [PRISMA]).

A single dose of corticosteroids provides more effective and faster relief of pain from sore
throat than placebo (N) (Level 1) and decreases incidence and severity of sore throat after
extubation when administered at induction (N) (Level | [PRISMA]).

Systemic dexamethasone reduces pain intensity and opioid requirements after spinal
anaesthesia (N) (Level I [PRISMA].

As all adverse event data on corticosteroid use in surgical populations are based to date on
efficacy trials (with methodological differences), their long-term safety awaits further
evaluation (N).

Regional corticosteroids

1.

For brachial plexus blocks, addition of dexamethasone to local anaesthetic prolongs the
duration of sensory and motor block and improves postoperative analgesia with only very
limited benefits over systemic administration (S) (Level | [Cochrane Review]).

For transverse abdominis plane blocks, addition of dexamethasone to local anaesthetics
prolongs the duration of sensory block, improves postoperative analgesia and PONV with
no comparison to systemic administration (N) (Level I [PRISMA]).

After spinal surgery, epidural steroid application intraoperatively by the surgeon provides
analgesic benefit up to 24 hours and reduces length of stay (N) (Level | [PRISMA]).

For acute radicular pain, lumbar epidural corticosteroid administration is effective for
short-term relief (S) (Level I [PRISMA]).

Subacromial injections of corticosteroids are superior to oral NSAIDs in treating rotator
cuff tendonitis (U) (Level | [QUOROM]).
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For peripheral nerve blocks, addition of dexamethasone to local anaesthetics prolongs the
duration of sensory block and improves postoperative analgesia with only limited benefits
over systemic administration (N) (Level II).

For epidural analgesia, addition of dexamethasone improves postoperative analgesia and
reduces opioid requirements (N) (Level II).

. Addition of dexamethasone to intravenous regional anaesthesia with lidoocaine improves

analgesia for up to 24 hours (U) (Level l).

Addition of corticosteroid to periarticular injection of local anaesthetic does not improve
pain relief or range of movement following total knee arthroplasty (U) (Level II).

Following knee joint arthroscopy, intra-articular steroids in combination with either local
anaesthetic or opioids reduce pain, analgesic consumption and duration of immobilisation
(U) (Level I).

There is a risk of septic arthritis with intra-articular steroids (U) (Level IV).

Repeat epiudural steroid injections are associated with reduced bone mineral density and
increased risk of vertebral fractures (N) (Level IV SR).

Concerns have been raised regarding the safety of epidural steroids (U).

There is little data in humans regarding the neurotoxicity of perineural corticosteroids (N).

Other regional analgesic medicines

Intrathecal midazolam combined with a local anaesthetic improves and prolongs analgesia
and reduces postoperative nausea and vomiting (U) (Level ).

Intrathecal neostigmine improves perioperative and peripartum analgesia in combination
with other intrathecal medications (S) (Level I) but is associated with dose-dependent
significant adverse effects, in particular nausea and vomiting (Q) (Level I).

Epidural neostigmine combined with local anaesthetics improves postoperative and
peripartum analgesia without increasing the incidence of adverse effects (U) (Level I).

Epidural neostigmine combined with an opioid reduces the dose of epidural opioid that is
required for analgesia (U) (Level I).

Complementary and alternative medicine

White willow bark (Salix alba) and devil's claw (Harpagophytum procumbens) are effective
in treating acute episodes of low back pain (U) (Level I [Cochrane Review])

A variety of complementary medicines may show efficacy in prevention and treatment of
primary dysmenorrhoea based on very limited evidence (W) (Level | [Cochrane Review]),
including aromatherapy (N) (Level 11I-1 SR).

Curcuminoids and extracts of Zingiberaceae may reduce pain intensity in acute and
chronic pain states compared to placebo (N) (Level I [PRISMA]).

Oral administration of honey versus control reduces postoperative pain and analgesic use
after tonsillectomy (N) (Level | [PRISMA]).
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5. Vitamin C reduces postoperative opioid requirements (N) (Level I [PRISMA] and
postoperative pain compared to placebo (N) (Level IV SR [PRISMA]).

6. Aromatherapy (N) (Level I), homeopathic preparations of arnica (Arnica montana) (U)
(Level I [PRISMA]) and St John's wort (Hypericum perforatum) are not effective in treating
acute postoperative pain (U) (Level | [QUOROM]).

7. Stlohn’s wort (Hypericum perforatum) induces metabolism of oxycodone reducing its
plasma concentrations and efficacy (U) (Level Il).

M There is some evidence that some complementary and alternative medicines may be
effective in some acute pain states. Adverse effects and interactions with medications
have been described with complementary and alternative medicines and must be
considered before their use (U).

M The evidence on complementary and alternative medicines is characterised by small
sample sizes and study designs prone to bias and caution is urged in interpreting results.
Additionally, the safety and potential drug interactions of many complementary and
alternative medicines have not been adequately assessed (N).

5.0 | Administration of analgesic medicines

Oral and sublingual route

1. Oral combinations of paracetamol/ibuprofen provide superior analgesia to
paracetamol/codeine; both combinations are more effective than the individual
medicines and have a dose-response effect (S) (Level | [Cochrane Review]).

2. Oral combinations of paracetamol/tramadol are more effective than the individual
medications and have a dose-response effect (U) (Level I).

3. NSAIDs given parenterally or rectally are not more effective and do not result in fewer
adverse effects than the same medicines given orally (U) (Level I).

4. The formulation of oral NSAIDs (eg fast acting [dispersible, solution or gel], sodium versus
potassium salt) can greatly affect their efficacy (N) (Level 1).

5. Early postoperative oral administration of paracetamol results in highly variable plasma
concentrations that may remain subtherapeutic in some patients (U) (Level Il). However, no
difference in clinical efficacy to intravenous administration is seen in hip and knee arthroplasty
(N) (Level 1), Caesarean section (N) (Level Il) or laparoscopic cholecystectomy (N) (Level I1).

M Other than in the treatment of severe acute pain, and providing there are no
contraindications to its use, the oral route is the route of choice for the administration of
most analgesic medicines (U).

M Slow-release opioid preparations (particularly conventional opioids including transdermal
fentanyl and methadone) are not recommended in general for the management of acute
pain in opioid-naive patients due to difficulties in short-term dose adjustments needed for
titration, an increased risk of opioid-induced ventilatory impairment and risk of initiating
long-term use (S). In some patients with prolonged postoperative and post-traumatic
acute pain states, the use of slow-release opioid preparations may be appropriate on a
short-term basis with preference for use of atypical opioids (N).

M Slow-release oral opioid preparations should only be given at set time intervals (U).

5t Edition | Acute Pain Management: Scientific Evidence

xliii



xliv

Intravenous route

1. Intravenous paracetamol is more effective in reducing pain, opioid consumption and
PONV when given prior to versus after surgical incision (U) (Level | [PRISMA]).

2. The onset of analgesia is faster when NSAIDs are given intravenously for the treatment of
renal colic (U) (Level I).

3. Continuous intravenous infusion of opioids in the general-ward setting is associated with
an increased risk of respiratory depression compared with other methods of parenteral
opioid administration (U) (Level IV).

M Titration of opioids for severe acute pain is best achieved using intermittent intravenous
bolus doses as it allows more rapid titration of effect and avoids the uncertainty of
medicine absorption by other routes (U).

Intramuscular and subcutaneous route

1. Intermittent subcutaneous morphine injections are as effective as intramuscular
injections and have better patient acceptance (U) (Level II).

Transdermal route

1. Transdermal buprenorphine reduces postoperative pain with a low rate of adverse effects
(N) (Level 1).

2. Transdermal fentanyl (except for iontophoretic patient-controlled transdermal devices)
should not be used in the management of acute pain because of safety concerns and
difficulties in short-term dose adjustments needed for titration (S) (Level IV).

M Transdermal fentanyl preparations should not be used in opioid-naive patients or in acute
pain settings because of safety concerns and, in most countries, the lack of regulatory
approval for use in other than chronic pain in opioid-tolerant patients (S).

Transmucosal route

1. Intranasal, sublingual and buccal fentanyl preparations are effective treatments for
breakthrough pain in cancer patients (U) (Level I [Cochrane Review]) with similar efficacy
to IV administration (U) (Level I [PRISMA]) and superiority to oral morphine (U) (Level I).

2. Intranasal fentanyl is an effective treatment for paediatric acute pain management, with
an acceptable adverse effect profile and ease of delivery (N) (Level I).

3. Intranasal fentanyl provides faster and better analgesia for breakthrough pain in cancer
patients than oral transmucosal fentanyl and fentanyl buccal tablets (U) (Level 1).

4. Sublingual sufentanil delivered by a PCA device provided analgesia comparable to IV PCA
opioids in a number of acute pain settings (N) (Level II).

I Neither transmucosal immediate-release nor transdermal fentanyl preparations should be
used in the management of acute pain in opioid-naive patients because of safety concerns
and, in most countries, the lack of regulatory approval for use in other than opioid-
tolerant patients (U).
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Epidural analgesia

10.

11.

12.

13.

For all types of surgery, epidural analgesia provides better postoperative pain relief
compared with parenteral (including PCA) opioid administration (S) (Level I [Cochrane
Review]); except epidural analgesia using a hydrophilic opioid only (U) (Level I).

Thoracic epidural analgesia for open abdominal aortic surgery reduces pain intensity, time
to tracheal extubation, time spent in the intensive care unit, rate of acute respiratory
failure, myocardial infarction and gastrointestinal bleeding when compared with
intravenous opioids (S) (Level I [Cochrane Review]).

High thoracic epidural analgesia used for coronary artery bypass graft surgery reduces
postoperative pain, risk of dysrhythmias, pulmonary complications and time to extubation
when compared with intravenous opioid analgesia (Q) (Level I [Cochrane Review]).

. Thoracic epidural analgesia for thoracotomy reduces the risk of chronic postsurgical pain (S)

(Level I [Cochrane Review]).

Thoracic epidural analgesia improves bowel recovery after abdominal surgery (including
colorectal surgery) (S) (Level I [Cochrane Review]).

Epidural analgesia is not associated with increased risk of anastomotic leakage after bowel
surgery (S) (Level I [Cochrane Review]).

Epidural analgesia provided with local anaesthetics for at least 24 hours compared to
systemic opioid analgesia reduces perioperative mortality and multiple morbidities
(including ileus, pneumonia, respiratory depression and arrhythmias) but increases
hypotension (U) (Level I [PRISMA]).

After laparoscopic colectomy, thoracic epidural analgesia compared to intravenous PCA
reduces initial pain scores and time to first bowel opening, but length of hospital stay, total
rate of complications (S) (Level I [PRISMA]), urinary tract infection rates and hospital costs
are increased (U) (Level 111-2).

. Combinations of low concentrations of local anaesthetic agents and opioids for epidural

analgesia provide consistently superior pain relief compared with either of the medications
alone; epidural opioids alone have no advantage over parenteral opioids (U) (Level I).

Epidural local anaesthetic administration improves oxygenation and reduces pulmonary
infections and other pulmonary complications compared with parenteral opioids (U)
(Level I).

Chlorhexidine-impregnated dressings of epidural catheters in comparison to placebo- or
povidone-iodine-impregnated dressings reduce the incidence of catheter colonisation (U)
(Level 1).

In patients with multiple rib fractures, thoracic epidural analgesia improves pain relief
versus parenteral opioids (N) (Level 11I-2 SR), but does not reduce incidence of pneumonia
and mortality (U) (Level 1) and may not reduce need for ventilation (Q)

(Level 111-2 SR).

The combination of thoracic epidural analgesia with local anaesthetics and nutritional
support leads to preservation of total body protein after upper abdominal surgery (U)
(Level I1).
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The incidence of permanent neurological damage in association with epidural analgesia is
extremely low, especially in the obstetric population, but increases with various
comorbidities and risk factors; the incidence is higher where there have been delays in
diagnosing an epidural haematoma or abscess (S) (Level IV SR).

Immediate decompression of an epidural haematoma (within 8 hours of the onset of
neurological signs) increases the likelihood of partial or good neurological recovery (S)
(Level IV SR).

Epidural abscesses present mainly with neurological deficits and back pain; they are

best diagnosed with early MRI and best treated with empiric antibiotics (until abscess
culture) and immediate surgical decompression when neurological deficits are present (S)
(Level IV SR).

The provision of epidural analgesia by continuous infusion, programmed intermittent
bolus or patient-controlled administration of local anaesthetic-opioid mixtures is safe on
general hospital wards, as long as supervised by an anaesthesia-based pain service with
24-hour medical staff cover and monitored by well-trained nursing staff (U).

Prior to insertion of an epidural catheter, thorough handwashing with surgical scrub
solution, the use of barrier precautions including the wearing of a cap, mask, sterile gown
and gloves and use of chlorhexidine in alcohol for skin preparation are recommended; but
meticulous care must be taken to avoid the chlorhexidine solution from reaching epidural
space or cerebrospinal fluid (U).

Intrathecal analgesia

Intrathecal morphine improves analgesia and is opioid-sparing for up to 24 hours after
major surgery including abdominal (S), orthopaedic (N), spinal (N) (Level I [PRISMA]) and
cardiothoracic surgery (N) (Level II).

Adding intrathecal morphine to intrathecal bupivacaine/fentanyl or intrathecal
bupivacaine/sufentanil prolongs pain relief after labour (N) (Level | [PRISMA]).

The addition of intrathecal fentanyl (N) (Level I [PRISMA]) and morphine to spinal
anaesthesia prolongs time to first analgesic request after Caesarean section (N) (Level I).

Intrathecal morphine in comparison to peripheral regional analgesia techniques offers
similar analgesic benefits, but increases adverse effects (nausea, vomiting, pruritus) after
lower limb arthroplasty (N) (Level I).

The incidence of opioid-induced ventilatory impairment, pruritus and postoperative
nausea and vomiting is higher with intrathecal morphine compared with intravenous PCA
opioids (S) (Level I).

Pruritus with intrathecal opioids is dose-dependent (N) (Level I) and can be effectively
prevented and treated with 5HTs antagonists in non-obstetric patients, but only treated
but not prevented in obstetric patients (Q) (Level I)

The addition of intrathecal magnesium to opioids and/or local anaesthetics results in
slightly longer analgesia in non-obstetric patients (U) (Level I).

The addition of intrathecal clonidine to intrathecal morphine results in slightly longer
analgesia and reduced opioid requirements (U) (Level I).
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Pruritus with intrathecal opioids cannot be treated with methylnaltrexone (N) (Level II).

The absence of consistent dose-responsiveness to the efficacy of intrathecal opioids and
the increase in adverse effects with higher doses suggests that the lowest effective dose
(typically 50-200 mcg morphine) should be used (Q).

Patients receiving intrathecal opioids should be monitored for opioid-induced ventilatory
impairment for the anticipated duration of opioid effects, eg 18 to 24 hours after
intrathecal morphine (S).

Clinical experience with morphine, fentanyl and sufentanil has shown no neurotoxicity or
behavioural changes at normal clinical intrathecal doses (U), however caution is
recommended in patients who are at risk of spinal cord ischaemia (U).

Other regional and local analgesic techniques

10.

Topical EMLA® cream (eutectic mixture of lignocaine [lidocaine] and prilocaine) is
effective in reducing the pain associated with venous ulcer debridement (U) (Level I
[Cochrane Review]).

. Transversus abdominis plane blocks provide pain relief superior to local anaesthetic

infiltration for a range of abdominal surgeries (N) (Level I [PRISMA]).

Intraperitoneal local anaesthetic instillation after laparoscopic gastric surgery (N) (Level |
[PRISMA]) and laparoscopic cholecystectomy (U) (Level I) improves postoperative pain
outcomes.

Adductor canal block results in similar postoperative pain outcomes following total knee
arthroplasty versus femoral nerve block with less quadriceps weakness, earlier mobilisation
and better functional recovery (S) (Level | [PRISMA]).

Following thoracotomy, thoracic paravertebral block provides comparable analgesia to
thoracic epidural analgesia (U) (Level I).

Continuous peripheral nerve block, compared with single-injection peripheral nerve block,
results in improved pain control, decreased need for opioid analgesics, reduced nausea and
improved patient satisfaction in some settings, in particular in the first 24 hours
postoperatively (W) (Level ).

Femoral nerve block, either single-injection or continuous, provides better analgesia and
decreased nausea compared with parenteral opioid-based techniques after total knee
arthroplasty (U) (Level I).

Compared with opioid analgesia, continuous peripheral nerve block (regardless of catheter
location) provides better postoperative analgesia and leads to reductions in opioid use as
well as nausea, vomiting, pruritus and sedation (U) (Level I).

Blocks performed using ultrasound guidance are more likely to be successful, faster to
perform, with faster onset and longer duration compared with localisation using a
peripheral nerve stimulator (U) (Level I).

Morphine injected into the intra-articular space following knee arthroscopy does not
improve analgesia compared with placebo (U) (Level 1).
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18.
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20.

21.

22.

Following total knee arthroplasty, local infiltration analgesia reduces postoperative pain for
up to 32 hours when compared to systemic analgesics alone; however, there is limited
benefit in comparison to femoral nerve block (U) (Level I).

Following total hip arthroplasty, there is no additional analgesic benefit for local infiltration
analgesia over conventional multimodal analgesia (S) (Level 1) and peripheral nerve blocks
have limited or no effect on postoperative pain (Q) (Level Il).

Following either knee or hip arthroplasty, there is insufficient evidence to support
postoperative administration of local infiltration analgesia via catheter (U) (Level I).

Local anaesthetic infusions or intermittent injections through wound catheters provide
analgesic benefits following gynaecological and obstetric surgery, but not other abdominal
or nonorthopaedic surgery (Q) (Level I).

Intraurethral instillation of lignocaine gel provides analgesia during flexible cystoscopy (U)
(Level I).

The benefit of routine sciatic nerve block in addition to femoral nerve block for analgesia
following total knee joint arthroplasty remains unclear (U) (Level ).

Continuous interscalene analgesia provides better analgesia, reduced opioid-related
adverse effects and improved patient satisfaction compared with intravenous PCA or single-
injection interscalene block after open shoulder surgery (U) (Level II).

Erector spinae plane blocks provide postoperative analgesia superior to systemic analgesia
after cardiac surgery (N) (Level 1l) and to transverse abdominis blocks after laparoscopic
cholecystectomy (N) (Level II).

Quadratus lumborum block reduces pain scores and opioid requirements following
Caesarean section compared to placebo or control (N) (Level I).

Intra-articular bupivacaine infusions have been associated with chondrolysis and their use
has been cautioned against (U) (Level IV).

Postoperative neurologic symptoms or dysfunction is often related to patient and surgical
factors and the incidence of neuropathy directly related to peripheral regional anaesthesia
is rare (S) (Level 111-3).

Ultrasound guidance of regional blocks is associated with a reduced risk of local anaesthetic
systemic toxicity in adults (N) (Level IV).

Continuous peripheral nerve blocks carry a risk of infection; skin preparation with alcohol-
based chlorhexidine and full barrier precautions (including face masks) are recommended
for insertion of peripheral nerve catheters (U).

Ultrasound-guided techniques should be practiced with a high degree of skill and care,
including aseptic techniques, as they do not eliminate the risks of injury to tissues and
structures, local anaesthetic systemic toxicity or site contamination (U).

Caution should be used when considering and performing some peripheral nerve or plexus
blocks in patients with impaired coagulation, in particular where the PNB is performed at a
deep location that prevents external compression, should bleeding occur (N).
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Regional analgesia and concurrent anticoagulant medications

1.

]

Anticoagulation and coagulopathy are the two most important risk factors for the
development of epidural haematoma after neuraxial block (U) (Level IV).

Consensus statements of experts guide the timing and choice of regional anaesthesia and
analgesia in the context of anticoagulation but do not represent a standard of care and
will not substitute the risk/benefit assessment of the individual patient by the individual
anaesthetist (S).

Caution should be used when considering and performing some peripheral nerve or plexus
blocks in patients with impaired coagulation, in particular where the peripheral nerve
block is performed at a deep location that prevents external compression, should
bleeding occur (S).

6.0 | Patient-controlled analgesia

1.

10.

11.

Intravenous opioid PCA provides better analgesia than conventional parenteral opioid
regimens (S) (Level I [Cochrane Review]).

Opioid administration by IV PCA leads to higher opioid consumption, a higher incidence of
pruritus, but no difference in other opioid-related adverse effects, or hospital stay
compared with traditional methods of intermittent parenteral opioid administration (S)
(Level I [Cochrane Review]).

Patient satisfaction with intravenous PCA is higher when compared with conventional
regimens (S) (Level I [Cochrane Review]).

The adjuvant use of ketamine with PCA opioid (in varying ratios) improves pain relief and
reduces opioid consumption along with nausea and vomiting, with no increase in
neurocognitive effects including hallucinations (N) (Level | [PRISMA]).

lontophoretic transdermal fentanyl PCA is not as effective as intravenous morphine PCA,
with more patients withdrawing from studies because of inadequate pain relief (U) (Level |
[QUOROM]).

In settings where there are high nurse to patient ratios, there may be no difference in the
effectiveness of PCA and conventional parenteral opioid regimens (U) (Level I).

. Tramadol via intravenous PCA provides effective analgesia comparable to morphine by

intravenous PCA (U) (Level I).

. The addition of a background infusion to intravenous PCA morphine in adults increases the

incidence of respiratory depression (U) (Level I) and does not improve pain relief or sleep,
or reduce the number of PCA demands (U) (Level II).

Different opioids by intravenous PCA show different rates of adverse effects; fentanyl PCA
has the least rates of sedation, nausea and vomiting while pruritus is most frequent with
morphine PCA (N) (Level | [NMA]). Furthermore, on an individual patient basis, one opioid
may be better tolerated than another (U) (Level II).

There is no analgesic benefit in adding naloxone to the PCA morphine solution; however,
the incidence of nausea and pruritus may be decreased (U) (Level I).

Subcutaneous PCA opioids can be as effective as intravenous PCA (U) (Level I1).
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12.
13.

Intranasal PCA opioids can be as effective as intravenous PCA (U) (Level II).

In the emergency department, PCA morphine compared with IV morphine administered by
nursing staff, provides more effective analgesia with more rapid onset and with higher
patient satisfaction (U) (Level II).

14. The safety of PCA use can be significantly improved by hospital-wide safety initiatives

(equipment, guidelines, education, monitoring) (U) (Level 111-3).

15. The adoption of “smart pump” technologies in PCA design can improve documentation of

16.

patient care (N) (Level llI-3), reduce programming errors and improve safety (N) (Level IV SR).

Operator-error, in particular programming error, remains a common safety problem with
PCA useoften leading to patient harm (S) (Level IV).

M There is insufficient data to compare the risk of rare but serious adverse events with PCA

]

opioid use to conventionally administered opioid analgesia (N).

Adequate analgesia needs to be attained prior to commencement of PCA. Initial orders for
bolus doses should consider individual patient factors such as a history of prior opioid use and
patient age. Individual PCA prescriptions may need to be adjusted (U).

M The routine addition of antiemetics to PCA opioids is not encouraged, as it is of no benefit

]

]

compared with selective administration (U).

PCA infusion systems must incorporate anti-siphon valves and, in non-dedicated lines,
antireflux valves (U).

Drug concentrations, prescription and observation forms should be standardised to
improve patient safety (U).

M The pharmacokinetics of morphine (long equilibration half-time and active metabolites)

]

]

may make it less suitable for PCA use than other opioids (U).

Pethidine, when used in PCA, may cause central nervous system toxicity due to the
accumulation of norpethidine (U).

Improved methods of patient monitoring (eg continuous pulse oximetry, continuous
capnography) may offer opportunities to improve safety in at-risk patient groups (N).

7.0 | Nonpharmacological techniques

Psychological interventions

1.

Preoperative psychological interventions may be effective at reducing pain, length of stay
and negative affect after various procedures (N) (Level | [Cochrane Review]) but may not be
effective after cardiac surgery (N) (Level | [Cochrane Review]).

Distraction (including with video, toys, music or stories) and hypnosis reduces needle
related pain (S) and distress (N) in children and adolescents (Level | [Cochrane Review])

Hypnosis may reduce procedural pain and anxiety (N) (Level | [Cochrane Review]),
postoperative pain (R) (Level I), postoperative anxiety (N) and analgesia consumption in
labour (R) (Level | [Cochrane Review]).
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Listening to music produces a small reduction in postoperative or procedural pain, analgesic
requirements and emotional distress (S) (Level I); patient selected music may be more
effective than clinician selected music (N) (Level ).

Patient education regarding the procedure or recovery may reduce postoperative pain (Q),
preoperative anxiety (N) and postoperative anxiety (N) but does not affect analgesia use (U)
(Level I [PRISMA]).

. Training in coping methods or behavioural instruction prior to surgery reduces pain,

negative affect and analgesic use (U) (Level I).

Relaxation techniques may reduce postoperative pain but do not reduce analgesic
consumption (S) (Level I).

Immersive virtual reality distraction is effective in reducing pain (S) and anxiety (N) in some
clinical situations (Level 111-2 SR [PRISMA]).

In work injury-related acute pain, psychologically informed and workplace-oriented
interventions may reduce time lost from work (N) (Level 11I-2 SR).

Pain catastrophisation and anxiety negatively impact the postoperative experience and
are risk factors for the development of chronic postsurgical pain and prolonged opioid use.
Interventions aimed at reducing catastrophisation may be useful in improving patient
outcomes, but retaining patient engagement with perioperative psychoeducation may
also prove challenging (N).

Preoperative psychoeducation may be cost effective from the perspective of reducing
length of stay (N).

The evidence that sensory and combined sensory-procedural information is effective in
reducing procedure-related pain is equivocal and not sufficient to make recommendations (U).

There is insufficient evidence to make a recommendation about the role of brief
mindfulness-based interventions in acute pain (N).

Transcutaneous electrical nerve stimulation

1.

Transcutaneous electrical nerve stimulation compared to sham reduces acute pain
(procedural and nonprocedural) (U) (Level | [Cochrane Review]), including pain after
thoracic surgery (U) (Level I [PRISMA), after total knee replacement (N) and in the
prehospital setting (N) (Level I [PRISMA]).

High-frequency transcutaneous electrical nerve stimulation is effective in primary
dysmenorrhoea (U) (Level I [Cochrane Review]).

Transcutaneous electrical nerve stimulation has no effect on pain, interventions or
outcomes in labour with the exception of a reduction of reports of severe pain when
applied to acupuncture points (U) (Level I [Cochrane Review]).

Transcutaneous electrical nerve stimulation used preventatively in migraine reduces
attack frequency and medication use (N) (Level I [PRISMA])
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Acupuncture and acupressure

1.

8.

Acupuncture and acupressure for labour pain may reduce pain, use of pharmacological
pain relief and increase satisfaction with pain management versus standard care or
placebo (Q) (Level | [Cochrane Review]); Caesarean section rates are unchanged (R)
(Level I [Cochrane Review]).

For oocyte retrieval, electroacupuncture plus sedation reduced procedural and
postoperative pain compared with sedation plus placebo or sedation alone (U), but may
be inferior to paracervical block plus sedation (Q) (Level | [Cochrane Review]).

Acupuncture or acupressure may be effective in the treatment of primary dysmenorrhoea
(S) (Level I [Cochrane Review]).

Acupuncture may reduce the frequency of tension-type headaches and migraine (U)
(Level I [Cochrane Review]); in migraine, it may be better tolerated than pharmacological
prophylaxis (N) (Level I [Cochrane Review]).

Acupuncture may be effective in a variety of acute pain conditions in the emergency
department setting (S) (Level I [PRISMA]) including back pain (N) (Level I [PRISMA])

Acupuncture by a variety of techniques may reduce postoperative pain and opioid
consumption for a variety of surgical types (S) (Level 1); specifically, the benefit may occur
after lumbar spinal surgery (U) (Level | [PRISMA]), total knee arthroplasty (U) (Level |
[PRISMAYJ), total hip arthroplasty (N) (Level I) and craniotomy (N) (Level | [PRISMA]).

There is no difference between distant acupuncture and acupuncture at the incisional site
for open abdominal surgery (S) (Level | [PRISMA]).

Acupuncture may reduce post-stroke pain (N) (Level | [PRISMA]).

Photobiomodulation

Photobiomodulation may be effective for both prophylaxis and treatment of mucositis in
oncology patients (S) (Level I [PRISMA]).

Photobiomodulation may reduce pain after 3rd molar extraction (N) (Level | [PRISMA]).

Needle related pain after arteriovenous fistula access may be reduced by
photobiomodulation (N) (Level I)

After episiotomy, photobiomodulation may not reduce pain (N) (Level Il).

Photobiomodulation may have a role in acute postsurgical pain management, however
evidence is currently insufficient to make any furrher recommendations (N).

Physical therapies

Exercise therapy

1.

Following total knee arthroplasty, an exercise intervention in addition to standard post-
operative interventions for 8 weeks after discharge may reduce pain and improve function
(N) (Level I).

In primary dysmenorrhoea, exercise may reduce acute pain intensity and pain duration
(N) (Level 1).
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3. Use of a birth ball may improve labour pain (N) (Level I).

M Clear recommendations on the components of exercise interventions (including time
point of application, frequency, mode, dose and duration) for acute postoperative pain
management cannot be made; different surgical procedures may require different
exercise-based interventions (N).

M Immediate post-operative weight bearing post anterior cruciate ligament reconstruction
may reduce pain and does not appear to result in increased joint laxity (N).

Prehabilitation
1. Prior to total hip arthroplasty, prehabilitation may reduce postoperative hip pain at 3
months (N) (Level | [PRISMA]).

M A recommendation for the specific type of prehabilitation and dosing parameters cannot
be made at this time (N).

Rehabilitation
1. Early comprehensive active physiotherapy in the first 4 weeks post spinal surgery may
reduce pain and does not appear to increase adverse events (N) (Level I [PRISMA]).

2. Movement representation interventions (mirror therapy/motor imagery) may reduce
acute pain after trauma and surgery (N) (Level | [PRISMA]).

M Accelerated rehabilitation, started within 24 hours post total knee arthroplasty, may
reduce pain at the time of discharge (N).

Manual and massage therapies
1. Single and multiple doses of massage in the early postoperative period may reduce pain
after surgical procedures, including cardiac surgery (N) (Level | [PRISMA])

2. Massage may decrease pain in the first stage of labour pain compared to standard care
(N) (Level I [Cochrane Review])

M The role of manipulative therapy in primary dysmenorrhea is currently unclear (N).
Warming and cooling interventions

1. Heat packs may reduce labour pain during the first and second stages (N) (Level | [Cochrane
Review]).

2. Vapocoolants may reduce the pain of intravenous cannulation in adults but its application is
associated with discomfort (N) (Level | [Cochrane Review]).

3. Cryotherapy may reduce pain after total knee arthroplasty but is not superior to
compression (N) (Level I [PRISMA]).

4. Compression cryotherapy may reduce acute pain and analgesia requirements post
anterior cruciate ligament reconstruction and pain on day one to three post knee surgery
(N) (Level I [PRISMA]).

5. Intraoperative cryotherapy may reduce post-tonsillectomy pain (N) (Level I [PRISMA]).

6. Hilotherapy (the application of cold compression at a regulated temperature through a
face mask) may reduce pain and swelling after facial skeletal surgery vs cold compression
(N) (Level I [PRISMA]).
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8.0 | Specific clinical situations

Postoperative pain

Multimodal postoperative pain management
1. Multimodal analgesia compared to mainly opioid-based analgesia improves pain control and
reduces opioid consumption (“opioid-sparing”) and adverse effects (S) (Level | [NMA]).

M The concept of multimodal (or “balanced”) analgesia suggests the use of combinations of
analgesics with different mode or site of action (S).

Procedure-specific postoperative pain management
1. An analgesic may have different efficacy in different surgical settings (U) (Level I).

2. Different surgical procedures cause different pain states (eg musculoskeletal vs visceral) of
different severity in different locations, thereby requiring a procedure-specific approach (S)
(Level 111-2).

M Pooling of data from different postoperative pain states may ignore the specific effects of
a specific analgesic in a specific postoperative pain state (U).

Acute rehabilitation after surgery, “fast-track” surgery and enhanced recovery after surgery

(ERAS)

1. Adherence to multimodal enhanced recovery protocols after surgery protocols reduces
hospital length of stay, complication rates (S) (Level 1), postoperative pain severity and
opioid requirements (N) (Level IlI-2 SR).

M Provision of appropriate analgesia is only one of several elements of enhanced recovery
after surgery protocols (S).

M Analgesic techniques, which permit early mobilisation and early enteral feeding, in
particular those that are opioid-sparing, may contribute to early recovery after surgery
protocols (S).

Risks of acute postoperative neuropathic pain
1. Positive screening for acute postoperative neuropathic pain is a risk factor for positive
screening of chronic postsurgical neuropathic pain (N) (Level 111-2).

2. Acute neuropathic pain occurs after trauma and surgery (S) (Level IV).

M Treatment of acute neuropathic pain should follow guidelines for chronic neuropathic
pain; ketamine, opioids (including tramadol and tapentadol in particular) and alpha-2-
delta ligands may offer faster onset of effect than other treatment options (U).

Acute postamputation pain syndromes
1. Morphine, gabapentin, ketamine and dextromethorphan reduce phantom limb pain
compared to placebo (U) (Level | [Cochrane Review]).

2. Calcitonin reduces phantom limb pain in the acute (<7 days post amputation) but not the
chronic setting (U) (Level I [Cochrane Review]).

3. Continuous regional block via nerve sheath catheters provides postoperative analgesia after
amputation but has no preventive effect on phantom limb pain (U) (Level I).

5th Edition | Acute Pain Management: Scientific Evidence



6.
]

SUMMARY OF KEY MESSAGES

Treatments aiming at cortical reorganisation such as mirror therapy (W) (Level IV SR),
sensory discrimination training and motor imagery may reduce chronic phantom limb pain
(W) (Level 111-2 SR).

Perioperative epidural analgesia reduces the incidence of severe phantom limb pain (U)
(Level 111-2 SR).

Anxiety may be a predictor of phantom limb pain (N) (Level IV).

Perioperative ketamine may prevent severe phantom limb pain (U).

Other postoperative pain syndromes

1.

Following thoracotomy, epidural analgesia reduces the incidence of chronic postsurgical
pain (S) (Level I [Cochrane Review]).

Following breast cancer surgery, paravertebral block (S) (Level | [Cochrane Review]) and
lidocaine IV infusions reduce the incidence of chronic postsurgical pain (N) (Level I
PRISMA]).

Cryoanalgesia of the intercostal nerves at the time of thoracotomy results in no
improvement in acute pain, but an increase in chronic pain (U) (Level 1).

Video-assisted thoracoscopic surgery versus open thoracic surgery resulted in a reduced
rate of chronic post-thoracotomy pain (N) (Level 11I-3).

Post-thoracotomy, post-mastectomy, post-herniotomy and post-hysterectomy pain
syndromes occur frequently (S) (Level IV) and psychological factors (eg anxiety,
catastrophising), chronic preoperative pain and severe acute postoperative pain are
consistently reported risk factors for these pain syndromes (N) (Level IV).

Ambulatory or short-stay surgery

1.

Wound infiltration and intraperitoneal instillation with local anaesthetics for short-stay
laparoscopic cholecystectomy has good analgesic efficacy, in particular when combined and
administered prior to trocar insertion and at commencement of pneumoperitoneum
respectively (S) (Level I [Cochrane Review]).

Intraperitoneal instillation with local anaesthetic provides good analgesia for up to 6 hours
after short-stay gynaecological laparoscopy (U) (Level I) and reduces shoulder tip pain for
24 h (N) (Level I [Cochrane Review]).

Ketamine added to caudal local anaesthetic for paediatric day-stay surgery prolongs
analgesia, but not motor block (U) (Level | [PRISMA]); however, concerns regarding
neurotoxicity remain.

Continuous peripheral nerve blocks after short-stay surgery provide extended analgesia for at
least 24 h, leading to reduced opioid requirements (S) (Level | [PRISMA]), earlier achievement
of discharge criteria, less sleep disturbance and improved early rehabilitation (S) (Level 11).

Paravertebral block improves pain-related outcomes after short-stay hernia repair (S) (Level |
[PRISMA]) and major breast surgery (U) (Level I1).

After ambulatory anterior cruciate ligament repair, analgesia is superior with local
infiltration anaesthesia versus femoral nerve blocks and adductor canal blocks; multimodal
systemic analgesia, early mobilisation and cooling/compression are also supported (N)
(Level I [PRISMA]).
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7. After ambulatory shoulder arthroscopy, interscalene nerve block is superior to other
peripheral nerve blocks; adjuvants to increase block duration and systemic multimodal
analgesia are also supported (N) (Level I [PRISMA]).

8. Gynaecological paracervical block provides superior analgesia to intracervical and
transcervical block and topical local anaesthetic administration (the latter both without
analgesic effect) for ambulatory hysteroscopy (N) (Level I).

9. Dexamethasone added to local anaesthetics in peripheral nerve blocks and for caudal
analgesia or given systemically prolongs duration of analgesia after short-stay surgery
(S) (Level 1).

10. Single injection peripheral nerve blocks with long-acting local anaesthetics provide long-
lasting postoperative analgesia after short-stay surgery (S) (Level II).

11. Infiltration of the wound with local anaesthetic provides effective and long-lasting analgesia
after many short-stay procedures (U) (Level Il).

12.In the short-stay surgery setting, anti-inflammatories (nonselective NSAIDs, coxibs and
dexamethasone) and paracetamol contribute to reduced pain and improved recovery (U)
(Level I1).

13. Buprenorphine or dexmedetomidine added to local anaesthetics for peripheral nerve blocks
prolong duration of analgesia after short-stay surgery (U) (Level Il).

14. Anterior cruciate ligament repair performed as a short-stay procedure in comparison to an
inpatient setting achieves comparable quality of pain relief and better outcomes (N) (Level
llI-3 SR).

15. Pain relief after short-stay surgery remains poor (U) (Level IV) and is a common cause of
unplanned re-presentation (U) (Level I1I-3).

16. Continuous peripheral nerve blocks have been shown to be safe at home after short stay
surgery, if adequate resources and patient education are provided (U) (Level IV).

17. Predictive factors of severe pain after short-stay surgery are preoperative pain, high
expectation of postoperative pain, younger age and certain types of surgery (in particular
orthopaedic surgery) (N) (Level IV).

M Preoperative patient-centered education (verbal and written) and telephone follow-ups
may improve anxiety, pain and functional outcomes and patient satisfaction after
ambulatory surgery (N).

Cranial neurosurgery
1. Local anaesthetic infiltration of the scalp provides early analgesia after craniotomy and
reduces opioid requirements (S) (Level I [PRISMA]).

2. Intraoperative dexmedetomidine provides early analgesia after craniotomy and reduces
opioid requirements compared to placebo or remifentanil (S) (Level I [PRISMA]).

3. Morphine is more effective than codeine and tramadol for pain relief after craniotomy
(V) (Level I).

4. Craniotomy leads to significant pain in the early postoperative period (U) (Level IV), which is
however not as severe as pain from other surgical interventions (U) (Level lI-2).

5. Craniotomy can lead to significant chronic headache (U) (Level IV).

Ivi 5th Edition | Acute Pain Management: Scientific Evidence



]

SUMMARY OF KEY MESSAGES

Acute pain following craniotomy is underestimated and often poorly treated (U).

Spinal surgery

1.

10.

]

Epidural analgesia compared to systemic analgesia after spinal surgery in children
improves pain up to 72 hours postoperatively (N) (Level I[Cochrane Review]).

Perioperative use of gabapentin or pregabalin improves analgesia and reduces opioid
requirements after spinal surgery (S) (Level | [PRISMA]).

NSAIDs provide analgesic benefits as well as opioid-sparing effects after spinal surgery (S)
(Level I [PRISMA]).

Intravenous dexmedetomidine improves early postoperative analgesia and reduces
analgesic requirement up to 48 hours after spinal surgery (N) (Level I [PRISMA]).

Intravenous corticosteroids improve analgesia and reduce nausea and length of stay after
spinal surgery (N) (Level I [PRISMA]).

Epidural steroid application intraoperatively by the surgeon provides analgesic benefit up
to 24 hours and reduces length of stay after spinal surgery(N) (Level | [PRISMA]).

Perioperative pregabalin improves functional outcome after laminectomy at 3 months (U)
(Level ).

Local infiltration anaesthesia improves analgesia and reduces opioid requirements after
spinal surgery; this benefit is enhanced with preincision infiltration compared to
infiltration at wound closure (U) (Level 1l).

Perioperative systemic lidocaine infusion improves analgesia and reduces opioid
requirements after spinal surgery (W) (Level II).

NSAID use for less than 14 days does not increase the risk of nonunion after spinal fusion,
except with high-dose ketorolac (U) (Level 11I-3).

Acute pain management following spinal surgery is often complicated by preoperative
chronic pain and long term medication use (U).

Acute pain following spinal cord injury

1.

]

]

Alpha-2-delta ligands (gabapentin/pregabalin) are effective in the treatment of
neuropathic pain following spinal cord injury (S) (Level I).

Antidepressants (amitriptyline, duloxetine and venlafaxine) are effective in the treatment
of neuropathic pain following spinal cord injury but only in those with co-morbid
depression (N) (Level I).

Intravenous opioids, ketamine ((U) (Level 1), lidocaine and tramadol are effective in the
treatment of neuropathic pain following spinal cord injury (U) (Level l).

Treatment of acute spinal cord injury pain is largely based on evidence from studies of
other neuropathic and nociceptive pain syndromes (U).

There is currently insufficient evidence to support non-pharmacological treatments (TENS,
acupuncture, self-hypnosis or cognitive behavioural therapy) for spinal cord injury pain (N).
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Chest trauma (Rib fractures)

. Surgical fixation in patients with 3 or more fractured ribs improves outcome with regard

to incidence of pneumonia and need for tracheostomy (N) (Level I [Cochrane Review]),
duration of ventilation, ICU and hospital stay (N) (Level I) and mortality (N) (Level 111-2 SR).

. Continuous thoracic epidural analgesia and continuous intercostal and paravertebral

blocks provide similar analgesia and are superior to intravenous opioids for rib fracture
related pain (N) (Level | [PRISMA]).

. Systemic NSAIDs and ketamine are efficacious analgesic adjuvants for rib fracture related

pain (N) (Level 111-3)

Emerging regional techniques such as serratus anterior and erector spinae plane blocks
(single shot and continuous infusion) are supported by case series and could be
considered for rib fracture analgesic management (N).

Chest trauma with rib fractures carries a high risk of potentially life-threatening
complications; excellent analgesia and aggressive physical rehabilitation, ideally provided
in a protocolised clinical pathway, can improve outcome (N)

Acute pain after hip (neck of femur) fractures

Lower limb nerve blocks with local anaesthetics reduce pain, analgesia requirements and
lengthen time to rescue analgesia in hip fracture patients compared to systemic analgesia;
there is no advantage of a specific nerve block, insertion technique or continuous versus
single injection administration (S) (Level | [Cochrane Review]).

Lower limb nerve blocks decrease the risk of pneumonia in hip fracture patients, but do
not decrease the risk of delirium, myocardial infarction/ischaemia or mortality (N) (Level |
[Cochrane Review]).

Morphine should be avoided due to increased risk of delirium in hip fracture patients,
who have a high prevalence of renal impairment (N) (Level 11I-3 SR).

. Arthroplasty techniques in hip fracture patients are associated with less pain and opioid

requirements than non-arthroplasty techniques (N) (Level 11I-2).

Integrated orthogeriatric care, utilisation of care bundles and adherence to clinical care
standards improve outcomes in hip fracture patients (N).

Acute burns injury pain

. The use of biosynthetic dressings is associated with a decrease in time to healing and a

reduction in pain during burns dressings changes (U) (Level | [Cochrane Review]).

. Virtual reality distraction, augmented reality techniques and multimodal distraction

methods reduce pain and unpleasantness during burns dressings (S) (Level I [PRISMA]).

Music interventions are helpful in reducing pain, anxiety and heart rate in burns patients
(N) (Level I [PRISMA])

. Opioids, particularly via PCA, are effective in burns pain, including procedural pain (U)

(Level ).
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Pregabalin reduces pain following acute burns injury (U) (Level l1).

Sedation and anxiolysis with lorazepam improves procedural pain relief in acute burns
injury (U) (Level II).

Regional analgesia reduces donor site pain in selected burns patients (U) (Level II).

Gabapentin reduces pain and opioid consumption following acute burns injury (U) (Level
-3).

PCA with ketamine and midazolam mixture provides effective analgesia and sedation for
burns dressings (U) (Level IV).

Acute pain following burns injury can be nociceptive and/or neuropathic in nature and
may be constant (background pain), intermittent or procedure-related (U).

Acute pain following burns injury requires aggressive multimodal and multidisciplinary
treatment and may benefit from protocolised management approaches (S). This is
particularly important as severely burn injured patients require repeated procedures and
frequently have persistent issues of chronic pain, pruritus, post-traumatic stress and other
psychological consequences.

Pruritus is a common symptom following burns injury and alpha-2-delta ligands are useful
in its management (N).

Acute medical pain

Acute abdominal pain

1.

Provision of analgesia does not interfere with the diagnostic process in acute abdominal
pain and does not increase the risk of errors in clinical management (U) (Level I [Cochrane
Review]).

NSAIDs, opioids and intravenous metamizole (dipyrone) provide effective analgesia for
renal colic (S) (Level I [Cochrane Review]).

NSAIDs given for renal colic reduce pain (N) (Level I [PRISMA]) and rescue analgesia
requirements with less vomiting compared with opioids, particularly pethidine
(meperidine) (S) (Level I [Cochrane Review]).

Alpha blockers as expulsive therapy for ureteral stones reduce the number of pain
episodes and analgesic requirements (S) (Level I [Cochrane Review]).

Antispasmodics and tricyclic antidepressants, but not bulking agents, are effective for the
treatment of acute pain in irritable bowel syndrome (S) (Level | [Cochrane Review]) as
well as psychological interventions (N) (Level I).

NSAIDs are effective in primary dysmenorrhoea and superior to paracetamol (S)
(Level I [Cochrane Review]).

The smooth muscle relaxant buscopan does not add further analgesic benefit when
combined with metamizole (dipyrone) (U) (Level I [Cochrane Review]), opioids or NSAIDS
to treat pain of renal colic (U) (Level II).

High-frequency TENS, possibly some dietary supplements and acupuncture/acupressure
are effective in the treatment of primary dysmenorrhoea (S) (Level | [Cochrane Review]).
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9. NSAIDS are superior to placebo and spasmolytics and as effective as opioids in the
treatment of biliary colic (S) (Level I [Cochrane Review])

10. The perioperative use of NSAIDs for endoscopic retrograde cholangiopancreatography
(ERCP) reduces the risk of post ERCP pancreatitis (S) (Level | [PRISMA]).

11. 5HTs antagonists reduce some of the symptoms of irritable bowel syndrome (S)
(Level | [QUOROM).

12. The onset of analgesia is faster when NSAIDs are given intravenously for the treatment of
renal colic (U) (Level I).

13. Intravenous paracetamol is as effective as intravenous morphine and superior to
intramuscular piroxicam for analgesia in renal colic (U) (Level I).

14. There is no difference between pethidine and morphine for analgesia in renal colic (U)
(Level ).

15. Low-dose ketamine is an effective analgesic for renal colic pain (N) (Level Il).

16. IV lidocaine is an effective analgesic for renal colic pain (N) (Level IV SR).

Herpes zoster-associated pain

1. Antiviral agents started within 72 hours of onset of the herpes zoster rash accelerate the
resolution of acute pain (U) (Level I) but do not reduce the incidence, severity and
duration of postherpetic neuralgia (U) (Level | [Cochrane Review]).

2. Immunisation of persons aged 60 years or older reduces the incidence of herpes zoster
and thereby postherpetic neuralgia with Zostavax® (U) (Level | [Cochrane Review]) and
Shingrix® (N) (Level II).

3. Continuous or repeated paravertebral blocks in the acute phase of herpes zoster reduce

the incidence of postherpetic neuralgia at 3, 6 and 12 months (N) (Level ).

4. Amitriptyline (used in low doses for 90 days from onset of the herpes zoster rash) reduces
the incidence of postherpetic neuralgia (U) (Level Il).

5. Topical aspirin, topical lignocaine patch or controlled-release oxycodone provide analgesia
in acute pain due to herpes zoster (U) (Level II).

6. Nerve blocks in the acute phase of herpes zoster reduce the duration of herpes zoster-
associated pain (N) (Level IlI-1 SR).

6. Continuous epidural analgesia in the acute phase of herpes zoster reduces the incidence
of postherpetic neuralgia at 3 months (N) (Level IlI-1 SR).

M Provision of early and appropriate analgesia is an important component of the
management of herpes zoster and may have benefits in reducing the incidence of
postherpetic neuralgia (U).

Acute cardiac pain
1. The routine use of oxygen in normoxic patients with acute myocardial infarction does not
reduce pain or mortality (S) (Level | [Cochrane].

2. Morphine is an effective and appropriate analgesic for acute cardiac pain, but may interfere
with pharmacokinetics and pharmacodynamics of some platelet inhibitors (Q) (Level I).
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Nitroglycerine is an effective and appropriate agent in the treatment of acute ischaemic
chest pain (S) (Level IV).

M The mainstay of analgesia in acute coronary syndrome is the restoration of adequate

myocardial oxygenation, nitroglycerine, beta blockers and strategies to improve coronary
vascular perfusion (U).

Acute pain associated with haematological disorders

1.

Parenteral corticosteroids reduce the duration of severe pain, analgesia requirements and
hospital length of stay, without major adverse effects, during vaso-occlusive crises in
sickle cell disease (U) (Level I [Cochrane Review]).

. There is no evidence that fluid replacement therapy (S) or intravenous or oral magnesium

reduces pain associated with vaso-occlusive crises in sickle cell disease (N) (Level |
[Cochrane Review]).

Hydroxyurea decreases the frequency of vaso-occlusive crises, life-threatening
complications and transfusion requirements in sickle cell disease (S) (Level | [Cochrane
Review]).

Zinc reduces the incidence of painful vaso-occlusive crises in sickle cell disease (U) (Level |
[Cochrane Review]).

Intravenous opioid loading optimises analgesia in the early stages of a vaso-occlusive crisis
in sickle cell disease; effective analgesia may be continued with intravenous opioid
therapy, optimally as PCA, or as oral opioids (S) (Level II).

Single-dose ketorolac does not reduce opioid requirements in vaso-occlusive crisis in sickle
cell disease (N) (Level Il), but may increase the risk of acute kidney injury (N) (Level 11I-3).

Oxygen supplementation does not decrease pain during a vaso-occlusive crisis in sickle
cell disease (U) (Level Il), but hyperbaric oxygen may be effective (U) (Level llI-3).

Intravenous ketamine and intravenous lidocaine reduced pain intensity and opioid
requirements in vaso-occlusive crisis in sickle cell disease (N) (Level IV).

Acute headache

Tension-type headache

1. Acupuncture may be effective in the treatment of tension-type headache (S) (Level |
[Cochrane Review]).

2. Simple analgesics such as paracetamol or NSAIDs, either alone or combined, are effective
in the treatment of episodic tension-type headache (S) (Level | [PRISMA]).

3. Metoclopramide, metamizole and chlorpromazine as parenteral treatments of tension-
type headache have high efficacy (U) (Level I [PRISMA]).

4. The combination of caffeine/aspirin/paracetamol is superior to paracetamol in the
treatment of episodic tension-type headache (U) (Level I).

Migraine

5. Paracetamol is effective in the treatment of migraine, however less than other analgesics;

the efficacy is increased when combined with metoclopramide (U) (Level I [Cochrane
Review]).
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10.

11

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

Aspirin, ibuprofen, diclofenac and dipyrone are effective in the treatment of migraine;
soluble preparations of ibuprofen provide a faster onset (U) (Level I [Cochrane Review]).

For sumatriptan, subcutaneous administration achieves the fastest onset of effect and
highest efficacy (U) (Level | [Cochrane Review]).

. The combination naproxen/sumatriptan has increased efficacy and better tolerability than

sumatriptan on its own (N) (Level I [Cochrane Review]).

The addition of caffeine to simple analgesics improves their analgesic efficacy and
tolerability in acute migraine (N) (Level | [Cochrane Review]).

Hyperbaric oxygen therapy is effective in controlling pain in migraine, but no other
symptoms and outcomes (U) (Level | [Cochrane Review]).

. A significant placebo effect occurs in migraine treatment (N) (Level 1 [QUOROM]),

leading to an underestimation of treatment effects of analgesic medications (N) (Level II).

Parenteral antiemetics, metoclopramide (S) (Level | [PRISMA]) and droperidol (U) (Level 1)
are effective in the treatment of migraine.

Phenothiazines and butyrophenones (at the expense of more adverse effects) are
effective in the treatment of migraine, in particular in the emergency department (S)
(Level I).

All triptans are more effective than placebo in the treatment of severe migraine (S) (Level 1),
however 30 to 40% of patients may not respond (N) (Level I).

Triptans and mefenamic acid are effective in treatment of menstruation-related migraine
(U) (Level 1).

Some opioids are more effective than placebo in the treatment of acute migraine (U)
(Level 1), but their use in this setting is associated with significant adverse effects and
poor outcomes (S) (Level 111-2).

Pethidine is less effective than most other migraine treatments and should not be used
(V) (Level 1).

Intravenous magnesium may have some analgesic effect compared to placebo in migraine
(Q) (Level I [PRISMA]).

A “stratified care strategy” is effective in treating migraine (U) (Level Il).

Ergotamine derivatives, but not triptans, increase the rate of severe myocardial ischaemic
events (U) (Level llI-2 SR).

Migraine in pregnancy is a risk factor for gestational hypertension, preeclampsia and
cardiovascular complications (U) (Level I1I-2).

Cluster headache

22.

23.

Parenteral triptans (sumatriptan or zolmitriptan) or high-flow oxygen therapy are
effective treatments for cluster headache attacks (S) (Level I [Cochrane Review]).

Sphenopalatine ganglion local anaesthetic block has moderate evidence support for the
treatment of acute cluster headaches (N) (Level IV SR).
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Postdural puncture headache

24.There is no evidence that bed rest or fluid supplementation are beneficial in the
treatment and prevention of postdural puncture headache (S) (Level I [Cochrane
Review]).

25. Epidural blood patch administration is more effective than conservative treatment or a
sham procedure in the treatment of postdural puncture headache (S) (Level I[Cochrane
Review]).

26. Risk of postdural puncture headache is reduced with preventive use of morphine,
cosyntropin or aminophylline, especially in patients at high risk; preventive
dexamethasone use increases risk of postdural puncture headache (N) (Level | [Cochrane
Review]).

27. Caffeine, gabapentin, hydrocortisone or theophylline are effective treatments for
postdural puncture headache (S) (Level | [Cochrane Review]).

28.The incidence of postdural puncture headache is reduced by using smaller-gauge
spinal or non-cutting bevel needles or by orientating the cutting bevel parallel to the
spinal sagittal plane (U) (Level 1).

Medication overuse headache

29. Frequent use (>8—10 days/month) of paracetamol, NSAIDs and opioids for recurrent
acute headache (more so than triptans and ergot derivatives) may lead to medication
overuse headache; weaning and use of preventive medication are recommended
management approaches (S) (Level IV SR).

M Opioids should be used with extreme caution in the treatment of headache;
pethidine should not be used at all (S).

Acute pain associated with neurological disorders
1. Various anticonvulsants (U) (Level | [PRISMA]) and duloxetine (N) (Level Il) have beneficial
effects in the treatment of neuropathic pain associated with multiple sclerosis

2. Cannabinoids have a clinically small effect on spasticity caused by multiple sclerosis (U)
(Level I); the effect on neuropathic pain associated with multiple sclerosis is unclear and
may depend on the preparation used (W) (Level | [PRISMA]).

3. With cannabinoid use in multiple sclerosis, there is a high rate of minor adverse effects and
serious adverse psychopathological effects occur in nearly 1% of patients (U) (Level I).

4. Acupuncture (N) (Level I), non-invasive brain stimulation (N) (Level I1I-3 SR) and motor
cortex stimulation (N) (Level IV SR) may reduce post-stroke pain.

5. Local anaesthetics (mainly lidocaine) by local and systemic administration, anticonvulsants
(phenytoin or IV fosphenytoin) and sumatriptan reduce pain in acute exacerbations of
trigeminal neuralgia (N) (Level IV SR).

6. Motor cortex stimulation may reduce acute pain in trigeminal neuralgia (N) (Level IV SR)

~

Deep brain stimulation may improve pain relief in Parkinson’s disease (N) (Level IV).

M Treatment of acute pain associated with neurological disorders is based largely on evidence
from trials for the treatment of a variety of chronic neuropathic pain states (S).
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Acute orofacial pain

Acute dental pain

1. NSAIDs and emergency pulpectomy reduce pain in patients with acute apical periodontitis
(U) (Level 1) with insufficient evidence to support analgesic benefit from adding antibiotics
(S) (Level I [Cochrane Review]).

Dental extraction

2. Paracetamol, nonselective NSAIDs and coxibs provide safe and effective analgesia with
minimal adverse effects after dental extraction (S) (Level | [Cochrane Review]).

3. Combinations of paracetamol with ibuprofen (U) (Level | [Cochrane Review]) and other

nonselective NSAIDs (U) (Level 1) provide superior analgesia to either drug alone after
dental extraction.

Tramadol provides equal analgesia to paracetamol/weak opioid and aspirin/weak opioid
combinations (U) (Level I [Cochrane Review]) and tramadol/paracetamol combinations
provide superior analgesia to tramadol alone after dental extraction (U) (Level I).

5. Nonselective NSAIDs and coxibs provide similar analgesia, which is superior to
paracetamol, codeine, combinations of paracetamol/codeine (U) (Level 1), tramadol (S)
(Level 1) and pethidine (U) (Level Il) after dental extraction.

6. Perioperative corticosteroid administration reduces swelling, but not pain (U) (Level 1),
and reduces postoperative nausea (U) (Level Il) after third molar extraction.

Tonsillectomy

7. Nonselective NSAIDs (U) (Level 1), in particular aspirin and ketorolac (U) (Level ll), increase
the risk of reoperation for bleeding after tonsillectomy in adults, but not in children (U)
(Level I [Cochrane Review]).

8. Intraoperative dexamethasone administration reduces postoperative pain, nausea and
vomiting and time to resumption of oral intake after tonsillectomy (S) (Level I [Cochrane
Review]), with no increase in adverse effects (U) (Level | [Cochrane Review]).

9. Paracetamol, NSAIDs (S) (Level | [PRISMA]), dexamethasone, preoperative alpha-2-delta
ligands (S) and dextromethorphan are effective analgesics after tonsillectomy (N) (Level |
[PRISMA]).

10. Intraoperative cryothgerapy may reduce post-tonsillectomy pain (N) (Level I [PRISMA]).

11. Oral administration of honey versus control reduces postoperative pain and analgesic use
after tonsillectomy (N) (Level | [PRISMA]).

12. Peritonsillar infiltration or topical application of local anaesthetics are equally effective in
producing a modest reduction in acute post-tonsillectomy pain (U) (Level I).

13. Dexamethasone, magnesium (and with limited support pethidine and tramadol)
combined with local anaesthetics for peritonsillar infiltration improve analgesia and other
outcomes after tonsillectomy (N) (Level I).

14. Perioperative antibiotics show no benefit in post-tonsillectomy pain, but increase adverse
effects (S) (Level I).

15. Acupuncture may reduce post-tonsillectomy pain compared to control group or sham

acupuncture (N) (Level I)
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16. Peritonsillar infiltration with tramadol or ketamine may reduce post-tonsillectomy pain
and analgesia requirements but was no more effective than equivalent doses
administered parenterally (U) (Level Il).

Pharyngitis
17. Corticosteroids (S) (Level | [Cochrane Review]) and antibiotics (U) (Level I [Cochrane
Review]) improve analgesia and reduce duration of pain in pharyngitis.

18. Amylmetacresol/2,4-dichlorobenzylalcohol (AMC/DCBA) lozenges (N) (Level | [PRISMA]),
ketamine gargle (N) (Level | [PRISMA]), benzydamine spray (U) (Level 1) and other topical
analgesics (U) (Level Il) provide analgesia superior to placebo in acute sore throat with
minimal adverse effects.

19. Corticosteroids reduce acute pain associated with peritonsillar abscess (following drainage
and antibiotics) (S) (Level | [PRISMA]).

20. Paracetamol, NSAIDs (nonselective NSAIDs or coxibs) and opioids, administered as
monotherapy or in combination, are effective analgesics in acute pharyngitis (U) (Level 1).

Sinusitis and otitis media

21. Oral corticosteroids have no analgesic effect in sinusitis (U) (Level | [Cochrane Review]),
but intranasal corticosteroids reduce facial pain and improve recovery (S) (Level |
[Cochrane Review]).

22. Antibiotic treatment of acute otitis media vs placebo or control has no effect on acute
pain, only limited effect on later pain, but increases the risk of adverse effects (N) (Level |
[Cochrane Review]).

23. In acute otitis media, topical local anaesthetic drops are effective in children compared to
placebo and equivalent to naturopathic drops (S) (Level I [Cochrane Review]).

M Codeine should not be used in children, especially after adenoidectomy or tonsillectomy,
due to an increased risk of opioid-induced ventilatory impairment and death (U).

M Recurrent or persistent orofacial pain requires biopsychosocial assessment and
appropriate multidisciplinary approaches (U).

M Neuropathic orofacial pain, which is often post-traumatic (iatrogenic), may be
exacerbated by repeated dental procedures, incorrect drug therapy or psychosocial
factors (U).

Acute pain in patients with HIV infection

1. High-concentration capsaicin patches have some efficacy in treating neuropathic pain in
patients with HIV/AIDS (S) (Level I [Cochrane Review]).

2. Smoking cannabis has short-term efficacy in treating neuropathic pain in patients with
HIV/AIDS, although potential study bias means that this is not recommended as routine
treatment (Q) (Level I [PRISMA]).

3. HIV/AIDS patients with a history of problematic drug use report higher opioid analgesic
use but also more intense pain (U) (Level I1I-2).

4. Pain, and notably neuropathic pain, is common in patients with HIV (U) (Level IV).
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M HIV/AIDS has become a chronic, manageable condition; in view of limited specific
evidence, the treatment of pain in patients with HIV/AIDS should be based on similar
principles to those for the management of acute, cancer and chronic pain in the general
population (S).

M Interactions between antiretroviral medications, antibiotics and analgesics should be
considered in this population and reference to a current guide of likely drug interactions is
strongly recommended (S).

Acute cancer pain

1. Intranasal, sublingual and buccal fentanyl preparations are effective treatments for
breakthrough pain in cancer patients (U) (Level | [Cochrane Review]) with similar efficacy
to intravenous administration (U) (Level I [PRISMA]) and superior to oral morphine (U)
(Level I).

2. Radiotherapy is an effective treatment of acute cancer pain due to bone metastases (U)
(Level I [Cochrane Review]), while bone-targeting agents (bisphosphonates, denosumab)
are beneficial in delaying the onset of bone pain rather than providing analgesia (W)
(Level I [PRISMA]).

3. Neurolytic coeliac plexus block in pancreatic cancer lowers pain intensity and opioid
analgesic requirements for at least 8 weeks (U) (Level | [Cochrane Review]).

4. Opioids, via PCA or a continuous infusion, provide effective analgesia in mucositis; PCA is
associated with reduced opioid requirements and pain duration (U) (Level | [Cochrane
Review]).

5. Oral cryotherapy (sucking on ice chips or holding ice water in the mouth before, during,
and/or after rapid infusions of systemic therapies that result in mucositis) effectively
prevents mucositis (N) (Level | [Cochrane Review]).

6. Music interventions may be effective in reducing pain intensity in patients with cancer (N)
(Level I [Cochrane Review]).

7. Topical treatment with doxepin (S), amitriptyline (N), diclofenac (N), benzydamine (N)
(Level I [PRISMA]), povidone-iodine (U) (Level I) and morphine (S) (Level Il) compared to
placebo improve pain relief due to mucositis.

8. Low-level laser therapy reduces and when used prophylactically prevents pain and
severity of mucositis (S) (Level I [PRISMA]).

9. Patient education about cancer pain is a key factor in optimising pain management (U)
(Level 1).

10. Opioid doses for individual patients with cancer pain should be titrated to achieve
maximum analgesic benefit with minimal adverse effects (U) (Level II).

11. Analgesic medications prescribed for cancer pain should be adjusted to alterations of pain
intensity (U) (Level 111-2).

12. Neuropathic pain or mixed nociceptive-neuropathic pain has an estimated frequency of
30-40% in patients with cancer (S) (Level IV SR).
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Acute pain in patients with cancer often signals disease progression; sudden severe pain in
patients with cancer should be recognised as a medical emergency and immediately
assessed and treated (U).

Prompt assessment and fast coordinated management of spinal metastases with suspected
spinal cord compression is required to mitigate against neurological deficit (U).

Cancer patients receiving controlled-release opioids need access to immediate-release
opioids for titration of breakthrough pain; selection of breakthrough medication should
consider the time course and aetiology of the pain flare (U).

If nausea and vomiting accompany acute cancer pain, parenteral opioids are needed (U).
Transdermal opioids are inappropriate to control acute unstable pain (U).

High interindividual variability in opioid conversion rates dictates that all opioid rotations
should be individualised and monitored, particularly where higher opioid doses are in
use (U).

Acute pain management in intensive care

]

]

Plasma exchange in acute Guillain-Barre syndrome improves outcome including analgesia
(U) (Level I [Cochrane Review]).

Carbamazepine and gabapentin may reduce the pain associated with Guillain-Barre
syndrome, based on limited and low-quality evidence (U) (Level | [Cochrane Review]).

Non-opioids including NSAIDs and paracetamol improve analgesia in selected intensive care
unit patients (S) (Level I [PRISMA]).

Remifentanil provides no advantages over other opioids in ventilated intensive care unit
patients (U) (Level I).

Ketamine decreases cumulative opioid doses in mechanically ventilated patients, with
positive effects on haemodynamics and reduced requirements for sedation, but with an
increased risk of psychomimetic adverse effects (N) (Level II).

. The formal assessment and management of pain and agitation in ventilated intensive care

unit patients decreases the incidence of pain, the duration of ventilation, the length of ICU
stay and mortality (U) (Level 11I-1).

Prolonged opioid infusions for >6 days and higher cumulative opioid dose increase the risk
of acute withdrawal if the opioid infusion is abruptly ceased (N) (Level 111-2).

Procedures such as endotracheal tube suctioning are consistently reported as
uncomfortable and painful (U) (Level 11I-2).

The aetiology of acute pain in critically ill patients is complex and encompasses all domains
of the sociopsychobiomedical model of pain (N).

Observation of behavioural and physiological responses permits assessment of pain in
unconscious patients (U).

Routine monitoring for pain in sedated intensive care patients should be performed, using
the Behavioural Pain Scale or the Critical-Care Pain Observation Tool (U).

Analgesia management should be targeted to the potential aetiologies of acute pain (N).
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M Opioids are the recommended first-line analgesic agents in ventilated intensive care
patients (U).

M The risk of NSAIDs in critically ill patients may be overestimated; NSAIDs may provide
effective analgesia as a part of multimodal analgesia (N).

M Regional analgesia techniques should be considered in patients undergoing large intra-
abdominal surgical procedures and trauma (N).

M Intensive care unit patients should be provided with appropriate analgesia prior to and
during potentially painful procedures, in particular as recall of discomfort, pain and
procedures can be a source of post-traumatic stress (S).

Acute pain management in emergency departments

1. Paracetamol, in particular if administered IV, and NSAIDs are effective primary analgesics
for use in the emergency department (N) (Level | [PRISMA]).

2. Sublingual buprenorphine (N) (Level I [PRISMA]) or intranasal fentanyl (N) (Level I) are
effective alternatives to parenteral opioids in the emergency department.

3. Low dose ketamine is a safe and effective analgesic alone or when combined with opioids
in the emergency department, but increases neuro-psychological adverse events (N)
(Level I [PRISMA]).

4. Appropriate doses of intravenous opioids are effective in treating acute severe pain in the
emergency department and ideally should be titrated according to nurse-initiated and
patient-driven protocols; there is no preference for a specific opioid (U) (Level I).

Abdominal pain

5. Provision of analgesia does not interfere with the diagnostic process in acute abdominal
pain and does not increase the risk of errors in clinical management (U) (Level | [Cochrane
Review]).

Migraine

6. NSAIDs, triptans (S) (Level | [Cochrane]), phenothiazines (prochlorperazine,
chlorpromazine), butyrophenones and metoclopramide are effective to treat migraine in
the emergency department (U) (Level I).

Fractured neck of femur

7. Lower limb nerve blocks with local anaesthetics reduce pain, analgesia requirements and
lengthen time to rescue analgesia in hip fracture patients compared to systemic analgesia;
there is no advantage of a specific nerve block, insertion technique or continuous versus
single injection administration (S) (Level | [Cochrane Review]).

Shoulder dislocation

8. Intra-articular local anaesthetics provide comparable analgesia for reduction of gleno-
humeral dislocation to procedural sedation and analgesia methods with fewer adverse
events (N) (Level | [Cochrane Review]).

Wounds
9. Buffering of lignocaine with bicarbonate reduces the pain of infiltration, particularly when
using lignocaine with adrenaline (U) (Level | [Cochrane Review]).
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10. Topical local anaesthetic agents (including those in liposomal formulations) (S) (Level |
[Cochrane Review]) or topical local anaesthetic-adrenaline agents (U) (Level Il) provide
effective analgesia for wound care in the emergency department.

Musculoskeletal Pain
11. Centrally acting muscle relaxants do not improve analgesia in the acute treatment of
lower back pain (N) (Level ).

Non-pharmacological management of pain
12. Acupuncture may provide effective analgesia as a single agent or adjunct in the
emergency department (N) (Level | [PRISMA]).

M To ensure optimal management of acute pain, emergency departments should adopt
systems to ensure adequate assessment of pain, provision of timely, adequate and
appropriate analgesia, frequent monitoring and reassessment of pain (U).

Prehospital analgesia

1. Transcutaneous electrical nerve stimulation TENS provides pain relief in the prehospital
setting (N) (Level I [PRISMA]).

2. Intravenous morphine, fentanyl and tramadol are equally effective in the prehospital
setting (S) (Level II).

3. Nitrous oxide is an effective analgesic agent in prehospital situations (U) (Level Il).

4. Methoxyflurane, in low concentrations, is an effective analgesic with rapid onset in the
prehospital and hospital setting with good safety data (U) (Level l).

5. Ketamine is a safe and effective analgesic in the prehospital setting (U) (Level l).

6. Moderate to severe pain is common in both adult and paediatric patients in the prehospital
setting (S) (Level IV) and is often poorly managed (N) (Level llI-2).

7. Fascia iliaca compartment block is an effective analgesic technique for patients with
isolated femoral shaft fractures in the prehospital setting (N) (Level IV SR).

8. The prehospital setting presents challenges beyond those encountered in hospital to the
assessment, documentation, treatment and reassessment of pain in both adult and
paediatric patients (N) (Level IV).

M Nonpharmacological measures are effective in providing pain relief and should always be
considered and used if practical (U).

Discharge opioid medication for acute pain management

1. Short-term opioid therapy may lead to long term opioid use and misuse (S) (Level 11I-2); risk
factors for prolonged postoperative use include preoperative opioid use, type of surgery,
slow-release opioids, psychological and social factors and pre-existing alcohol or substance
use disorder (N) (Level 111-2).

2. Recent introduction of opioid therapy may increase the risk of falls (S) (Level I1I-2).

3. Recent introduction of opioid therapy or recent dose escalation may impair driving (S)
(Level 111-2), thereby leading to increased driving accidents (N) (Level IlI-3 SR); this risk is
further increased by combined use of opioids and alcohol (N) (Level 11I-2).
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4. Many patients who retain unused opioid tablets are willing to share them with others (S)
(Level 111-2); this contributes to increased risks of abuse and adverse effects in the recipients
(N) (Level IV).

5. The most common source of prescription opioids for nonmedical use is a friend or relative
(N) (Level 111-3).

M Unused opioids prescribed for postoperative pain are potentially a large reservoir for
opioid abuse, misuse and diversion (S).

M A “universal precautions” approach for opioid prescribing should be used in the setting of
prescribing discharge medications (S).

M Prescribing discharge medications should be done in consideration of opioid requirements
on the day before discharge, avoiding slow-release opioids and for a limited duration (N).

M Patient education about risks of opioids and safe disposal of unused medication by return
to a pharmacy and follow-up by GP or pain medicine services in case of ongoing issues
improve safety of discharge medications (N).

9.0 | Other specific patient groups

The pregnant patient

Use of analgesic medications in pregnancy
1. Short-term use of NSAIDs in late pregnancy is associated with an increase in the risk of
premature closure of the ductus arteriosus (U) (Level | [Cochrane Review]).

2. The chronic use of opioids during pregnancy may be associated with some teratogenic
effects, childhood neurocognitive delay and/or negative neurobehavioural outcomes;
however, it is difficult to separate the influence of multiple confounders in this patient
group (Q) (Level 111-2 SR).

3. Retrospective epidemiological studies linking paracetamol use in pregnancy to later
development of childhood asthma are inherently confounded (U); when adjusted for
respiratory tract infections in the child the association is lost (Q) (Level I1I-2 SR).

4. The use of common nsNSAIDS during pregnancy is not associated with increased risk of
major congenital malformations, structural heart defects or difference in infant survival
(N) (Level 111-2).

5. Exposure to an nsNSAID or coxib is not an independent risk factor for spontaneous
abortion (Q) (Level 111-2)

6. The safety of alpha-2-delta ligand use in pregnancy remains unclear; limited data has not
raised safety concerns (N) (Level I1I-2).

M For pain management in pregnancy, nonpharmacological treatment options should be
considered where possible before analgesic medications are used (U).

M Use of medications for pain in pregnancy should be guided by published
recommendations; ongoing analgesic use requires close liaison between the patient, the
health professional managing the pregnancy and the health professional managing the
pain (U).
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M Most of the data reported in this setting are from episodes of prolonged use (eg for
chronic conditions) and there is a lack of data on the risk of short-term exposure such as in
the treatment of acute pain (N).

M Studies of analgesic use during pregnancy may be confounded by the indication, recall bias
and often the lack of an active comparator; this is exemplified by reported associations
between NSAID use in pregnancy and low birth weight and asthma confounded by the
maternal indications for their use (ie inflammatory diseases) (N).

M Nonselective NSAIDs and Coxibs should be used with caution in the last trimester of
pregnancy and should be avoided after the 32nd week (U).

M Emerging evidence suggests that maternal paracetamol use may influence premature
closure of the fetal ductus arteriosus (N).

M Neonates exposed to regular opioid in utero, particularly in the last three months of
pregnancy, are at risk of neonatal abstinence syndrome and should be monitored for it
after delivery (N).

Pain syndromes in pregnancy

1. Exercise reduces low back and pelvic girdle pain during pregnancy (S) (Level I [Cochrane
Review]).

2. Manual therapy interventions reduce intensity of pregnancy-related back and pelvic pain
versus usual care and relaxation, but not to sham interventions (N) (Level | [PRISMA])

M The use of a pelvic support belt may reduce pelvic girdle pain during pregnancy (N).

Management of acute pain during labour and after birth

Neuraxial and regional analgesia for pain in labour

1. Epidural and combined spinal-epidural analgesia provides superior pain relief for labour
and delivery compared with all other analgesic techniques (S) along with improved
maternal satisfaction (R) (Level | [Cochrane Review]).

2. Epidural analgesia compared to systemic opioid reduces maternal nausea and/or
vomiting (N) and need for maternal oxygen supplementation (N), but increases the
duration of the first and second stage of labour slightly (Q) (Level | [Cochrane Review]).

3. Epidural analgesia compared to systemic opioid does not increase the rate of Caesarean
section (S), long-term backache (S), headache (N), pruritus (N) or postnatal depression (N)
(Level I [Cochrane Review]).

4. Epidural analgesia compared to systemic opioids reduces the risk of fetal acidosis (S) and
the need for neonatal naloxone administration with no increase in special care/neonatal
intensive care unit admissions (N) (Level I [Cochrane Review]).

5. Epidural analgesia may increase the rate of assisted vaginal delivery (U), but not with
contemporary techniques of epidural analgesia (use of low-concentrations of local
anaesthetics) (Q) (Level I [Cochrane Review]).

6. Lower concentrations of local anaesthetics for epidural analgesia in labour result in a
shorter duration of second stage of labour, fewer assisted vaginal deliveries, greater
ambulation and less urinary retention than higher concentrations (S) (Level I [Cochrane
Review]).
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7. Early versus late initiation of epidural analgesia leads to no clinically significant
differences in outcome (S) (Level | [Cochrane Review]).

8. In comparison with epidural analgesia, combined spinal-epidural analgesia reduces time
to effective analgesia (U), does not increase maternal satisfaction (U), increases the
incidence of mild pruritus (compared to low-dose epidurals) (U) (Level | [Cochrane
Review]) and reduces the risk of unilateral block (N) (Level | [PRISMA]).

9. Local anaesthetic nerve blocks (in particular paracervical blocks) provide better analgesia
than placebo, nonopioids and opioids for labour pain, but at an increased rate of adverse
effects (U) (Level | [Cochrane Review]).

10. Non-reassuring fetal heart rate tracings can be more common with combined spinal-
epidural analgesia than epidural analgesia in labour (N) (Level | [PRISMA]).

11. Ultrasound guidance improves the success of epidural catheter insertion and intrathecal
needle placement and reduces traumatic insertions (N) (Level | [PRISMA]).

12. Patient-controlled epidural analgesia provides effective analgesia for labour (U) but
optimal settings (U) (Level I) and the need for a background infusion remain unclear (U)
(Level I [PRISMA]).

13. Programmed intermittent epidural bolus versus continuous epidural infusion reduces the
incidence of breakthrough pain without increasing adverse outcome (S) (Level I [PRISMA]).

14. Dural puncture epidural analgesia does not appear to offer benefit over standard epidural
analgesia (N) (Level I [PRISMA]).

15. There is no difference between the use of bupivacaine and ropivacaine for epidural
analgesia in labour for any outcome (U), except ropivacaine may reduce the incidence of
motor block (Q) (Level I).

16. Single-injection intrathecal opioids provide comparable early labour analgesia to epidural
local anaesthetics, with increased pruritus but no difference in nausea (U) (Level 1).
Adding single injection intrathecal morphine (250 mcg) to local anaesthetic combined
with shorter acting opioids increases time to first analgesic request, but is associated with
increased adverse effects (N) (Level I).

Systemic analgesia for pain in labour

17. Analgesic concentrations of inhaled volatile anaesthetics provide superior analgesia in
labour but more drowsiness, compared to inhaled nitrous oxide (U) (Level I [Cochrane
Review]).

18. Inhaled nitrous oxide has some analgesic efficacy in labour pain (U), increases maternal
adverse effects (nausea, vomiting, dizziness) (U) but has no adverse effects on the
newborn (U) (Level I [Cochrane Review]); pain relief is comparable to pethidine but
inferior to epidural analgesia (U) (Level IV SR).

19. Use of nonopioid analgesics alone for labour analgesia is not supported by current
evidence (U) (Level | [Cochrane Review]).

20. Parenteral opioids other than remifentanil intravenous PCA provide moderate analgesic
effects in labour pain (S), are inferior to epidural analgesia (S) and cause increased
adverse maternal effects (sedation, nausea, vomiting) (S) and adverse effects on the
newborn remain unclear (Q) (Level | [Cochrane Review]).
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Remifentanil intravenous PCA is inferior to epidural analgesia (U), but provides better
analgesia in labour compared to other parenteral opioids (S) (Level | [Cochrane]).

Complementary and other methods of pain relief in labour

22.

23.

24,

Continuous or one-to-one support by a midwife or trained layperson during labour
reduces analgesic use, rate of assisted and operative birth and dissatisfaction (S)
(Level I [Cochrane Review]).

Immersion in water during labour may reduce the requirements for regional and neuraxial
analgesia, with no difference in other maternal outcomes and insufficient evidence for
neonatal outcomes compared to no immersion (W) (Level | [Cochrane Review]).

Relaxation by use of yoga, music or audio has limited benefit for pain relief or satisfaction
in labour (Q) (Level I [Cochrane Review]).

25. Acupuncture and acupressure for labour pain may reduce pain, use of pharmacological

26.

27.

28.

29.

30.
31.

32.

pain relief and increase satisfaction with pain management vs standard care or placebo
(Q) (Level I [Cochrane Review]); Caesarean section rates are unchanged (R) (Level |
[Cochrane Review]).

Acupressure (vs sham) reduces labour pain, but has no effect on the use of
pharmacological analgesia (Q) (Level I [Cochrane Review]).

Massage may decrease pain in the first stage of labour pain compared to standard care
(S) (Level I [Cochrane Review]).

Transcutaneous electrical nerve stimulation has no effect on pain, interventions or
outcomes in labour (U) (Level | [Cochrane Review]).

Biofeedback, sterile water injections intra- or subcutaneously and aromatherapy have no
effect on labour pain or other outcomes (U) (Level I [Cochrane Review]).

Use of a birth ball may improve labour pain (N) (Level I).

Heat packs may reduce labour pain during the first and second stages (N) (Level |
[Cochrane Review]).

Hypnosis (mostly antenatal interventions) may reduce analgesic requirements for labour
pain (R) (Level I [Cochrane Review]).

Pain relief after Caesarean section

33.

34.

35.

36.

Local anaesthetic wound infiltration, in particular abdominal nerve blocks, reduces opioid
consumption following Caesarean section (U) (Level | [Cochrane Review]).

Local anaesthetic transversus abdominis plane blocks reduce postoperative opioid
requirements and pain scores after Caesarean section but only when intrathecal
morphine is not used (S) (Level I [PRISMA]).

In relation to controls only and with no direct comparison between the two approaches,
local anaesthetic transversus abdominis plane blocks performed by a posterior approach
provide a longer duration of benefit versus the lateral approach after lower abdominal
incision surgery including Caesarean section (U) (Level I [PRISMA]).

Intravenous paracetamol given before incision reduces opioid analgesic requirements
after Caesarean section (N) (Level I [PRISMA])
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37. Epidural (U) (Level | [QUOROM]) and intrathecal morphine (U) (Level I) and patient-
controlled epidural analgesia (U) (Level Il) provide effective analgesia after Caesarean
section, but neuraxial morphine increases the rate of pruritus and nausea compared with
systemic administration (U) (Level | [QUOROM]).

38. Intrathecal morphine (range of 100 mcg to 250 mcg) increases time to first analgesic
request after Caesarean section, but pain scores and opioid consumption are unchanged,
and postoperative nausea, vomiting and pruritus increased (N) (Level I).

M Remifentanil IV PCA for relief of labour pain carries a risk of maternal respiratory
depression; use is recommended only if there is one-on-one continuous presence of a
midwife, continuous oxygen saturation monitoring and continuous cardiotocograph
monitoring (as an indirect method of detecting global hypoxaemia) (U).

M Transversus abdominis plane blocks after Caesarean section may result in high plasma
concentrations of local anaesthetic and potential toxicity; minimum effective doses should
be used (U).

Pain management during lactation

1. Local anaesthetics, paracetamol and several NSAIDs, in particular ibuprofen, are considered
to be safe in the lactating patient (U) (Level IV).

2. Morphine, fentanyl, methadone, and short-term oxycodone immediately after delivery are
considered to be safe in the lactating patient and are preferred over pethidine (U) (Level
Iv).

3. Repeated dosing of codeine or oxycodone in lactating patients should be avoided if possible
and the infant monitored for central nervous system depression (S) (Level IV).

M Prescribing medications during lactation requires consideration of possible transfer into
breast milk, uptake by the infant and potential adverse effects for the infant; it should
follow available prescribing guidelines (U).

M Breastfed neonates and infants may become sedated from the transfer of maternal
medications; in this case, observation and monitoring of the infant and seeking medical
advice is warranted. Maternal sedation may be an early warning sign (N).

Pain in the puerperium

1. Routine episiotomy does not reduce perineal pain (U) (Level I [Cochrane Review]).

2. Continuous suturing of all layers compared with interrupted suturing for repair of
episiotomy or second-degree tears reduces perineal pain and analgesic use in the
postpartum period (U) (Level I [Cochrane Review]).

3. Paracetamol and NSAIDs are effective in treating perineal pain after childbirth compared
with placebo (S) (Level I [Cochrane Review]).

4. NSAIDs, but not paracetamol, are effective in treating pain from uterine cramping after
vaginal birth (U) (Level I [Cochrane Review]).

5. There is limited evidence to support the effectiveness of local cooling treatments in
treatment of perineal pain after childbirth (U) (Level I [Cochrane Review]).
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Topical local anaesthetic preparations are not effective for perineal pain after childbirth (U)
(Level I [Cochrane Review]).

There is insufficient evidence to recommend any specific treatments for nipple pain and
breast engorgement (U) (Level | [Cochrane Review]).

Pain after childbirth requires appropriate treatment as it coincides with new emotional,
physical and learning demands and may trigger postnatal depression (U).

Management of breast and nipple pain should target the cause (U).

The older patient

1.

10.

11

12.

Topical nsNSAIDs for localised pain provide effective analgesia (U) (Level | [Cochrane
Review] with lower plasma concentrations and fewer gastrointestinal adverse effects than
oral nsNSAIDs (U) (Level I); this may improve safety in the elderly.

PCA and epidural analgesia are more effective in older people than conventional opioid
regimens (U) (Level II).

Experimental pain thresholds to thermal stimuli are modestly increased in older people (U)
(Level 111-2 SR).

Reported frequency and intensity of acute pain in clinical situations may be reduced in the
older person (U) (Level 1lI-2).

Common unidimensional self-report measures of pain can be used in the older patient in
the acute pain setting, but need to be appropriate for the individual patient; the verbal
descriptor and numerical rating scales are preferred in patients who can self-report (U)
(Level 111-2), while in the older patient with cognitive impairment, specific pain assessment
tools are more appropriate (N) (Level IV SR).

Undertreatment of acute pain is more likely to occur in cognitively impaired patients (U)
(Level 111-2).

The use of nsNSAIDs and coxibs in older people requires caution, although use of opioids
may result in more complications (U) (Level IlI-2); paracetamol is the preferred nonopioid
analgesic (U) (Level 111-2).

The under-representation of older patients in clinical drug trials limits information about
efficacy, safety and pharmacokinetics of many types of medications including analgesic
medications (N) (Level IV SR}

The older patient is at increased risk from adverse effects of medications including many
analgesics (N) (Level IV).

Delirium is common in elderly hospitalised patients, including after surgery; risk factors
include inadequate pain management and excessive use of opioids and other sedating
analgesics (N) (Level IV).

.There is an age-related decrease in opioid requirements; significant interpatient variability

persists (U) (Level IV).

The age-related decrease in opioid requirements is related more to the changes in
pharmacodynamics that accompany ageing than to the changes in pharmacokinetics (U)
(Level IV).
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The assessment of pain and evaluation of pain relief therapies in the older patient may
present problems, arising from differences in reporting, cognitive impairment and
difficulties in measurement (U).

Measures of present pain may be more reliable than past pain, especially in patients with
some cognitive impairment (U).

The physiological changes associated with ageing are progressive; while the rate of change
can vary markedly between individuals and is related to frailty, these changes may
decrease the dose (maintenance and/or bolus) of drug required for pain relief and may
lead to increased accumulation of active metabolites (U).

The high prevalence of frailty in the older patient is an independent risk factor for
increased adverse drug effects to analgesic medications (N).

The use of regional analgesics techniques, as an alternative to systemic analgesics, can
confer benefits of improved pain relief, and minimise adverse effects (cognitive, pulmonary) (N).

Cognitive impairment in the older patient may limit the appropriate use of PCA (N).

Culturally responsive care for Culturally and Linguistically Diverse patients

]

Disparities in assessment, analgesic requirements and effective treatment of pain exist
across ethnic groups (S) (Level 11I-2 SR).

Ethnic and cultural background of both healthcare professional and patient can influence
the ability to assess and treat acute pain (N) (Level 11l-2 SR).

Cultural competence of health professionals supported by specific training improves
health outcomes for culturally and linguistically diverse patients (U).

Pain assessment and management should be done on an individual patient basis.
Differences between ethnic and cultural groups should not be used to stereotype patients
but should only be used to inform of possible cultural preferences (U).

Multilingual printed information and pain measurement scales are useful in managing
patients from different cultural or ethnic backgrounds (U).

If language proficiency poses a communication barrier, then an accredited health care
interpreter should be included when conducting a pain assessment, to ensure correct
assessment; the use of friends, family or staff member should be avoided (N).

The use of health-care specific language translation apps may be only considered as an
alternative option in non-clinical situations in the sub-acute setting (eg daily routine
communication) when formal healthcare interpreter services are not available (N).

Aboriginal and Torres Strait Islander Peoples

1.

Verbal descriptor scales may be a better choice of pain measurement tool than verbal
numerical rating scales in some Aboriginal and Torres Strait Islander Peoples (U)
(Level 111-3).

Medical comorbidities such as renal impairment are more common in Aboriginal and Torres
Strait Islander Peoples and may influence the choice of analgesic agent (U) (Level IV).

Heterogeneity between differing populations of Aboriginal Peoples may require tailoring
of the service delivered to the population and individual being serviced (U).
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M Pain expression in Aboriginal and Torres Strait Islander Peoples may not reflect that which

is expected by the health professional’s cultural background. This places the onus on the
health professional to understand nuances of pain expression and beliefs within such
populations (U).

M Aboriginal and Torres Strait Islander Peoples are at increased risk of underrecognition and

undertreatment of pain (N).

Madori peoples

1. Experimental ischaemic pain is tolerated for longer in Maori people than in European New
Zealanders (U) (Level 111-2).

2. Maori people report higher levels of pain and/or disability with dental pain, gout
and after trauma and joint replacement surgery than European New Zealanders (U)
(Level 111-2).

M High healthcare inequalities exist regarding access and quality of care (across age ranges,

genders and for various medical conditions) between the Maori and Pacific Islander
peoples compared with New Zealanders of European origin (S).

M Maori culture embraces the multidimensional aspects of pain experiences (S).

The patient with sleep-disordered breathing including obstructive sleep apnoea

Continuous pulse oximetry compared to intermittent nursing spot-checks detects more
episodes of hypoxaemia in postoperative patients with obstructive sleep apnoea prescribed
opioids (N) (Level I).

The STOP-Bang questionnaire has high sensitivity for the identification of patients at risk of
moderate to severe obstructive sleep apnoea (S) (Level I1I-2 SR).

Patients with sleep-disordered breathing, including obstructive sleep apnoea, having
surgery are at increased risk of adverse cardiac and respiratory effects (S) (Level 111-2 SR), in
particular cardiac arrest/shock, atrial fibrillation, aspiration pneumonia, acute respiratory
distress syndrome and need for intubation, mechanical and noninvasive ventilation (N)
(Level 111-2) and increased hospital length of stay (N) (Level 111-2 SR).

Patients with obstructive sleep apnoea have an increased risk of exacerbation of
obstructive episodes and hypoxaemia during the postoperative period (U) (Level IlI-2), in
particular in the first 72 hours with peaks on the first and third postoperative night (N)
(Level 111-2).

Morbidly obese patients may be at increased risk of postoperative hypoxaemia,
independent of a diagnosis of obstructive sleep apnoea (U) (Level 111-2).

Continuous positive airway pressure does not increase the risk of anastomotic leak after
upper gastrointestinal surgery (S) (Level 111-2).

Increasing severity of obstructive sleep apnoea is associated with increased risk of
postoperative respiratory complications including opioid-induced ventilatory impairment
(Q) (Level 111-3).

The prevalence of obstructive sleep apnoea in the surgical patient population is high and
the majority (80%) of these patients are undiagnosed (S) (Level IV SR).
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9. Higher preoperative apnoea-hypopnoea index and identification of nocturnal hypoxemia
are risk factors associated with postoperative complications in patients with sleep-
disordered breathing (N) (Level IV SR).

10. Patients with obstructive sleep apnoea have increased sensitivity to pain that improves with
use of continuous positive air way pressure (N) (Level IV SR).

11. Opioids in patients with obstructive sleep apnoea attenuate arousal to hypoxia and prolong
airway obstruction, and thereby lead to more severe hypoxaemia (S) (Level IV SR).

M Preoperative screening for obstructive sleep apnoea combined with treatment (ideally
instituted preoperatively) and increased postoperative observation may decrease
postoperative morbidity and mortality (S).

M Management strategies that may increase the efficacy and safety of pain relief in patients
with obstructive sleep apnoea include multimodal nonsedating opioid-sparing analgesia
such as regional techniques, continuous positive airway pressure, monitoring and
supervision (in a high-dependency area if necessary) and supplemental oxygen (U).

M Perioperative commencement of continuous positive airway pressure may be beneficial in
patients with obstructive sleep apnoea but requires high levels of supervision; significant
problems are poor patient acceptance and postoperative adherence (U).

M In patients with obstructive sleep apnoea, monitoring should be extended beyond 24
hours to capture the high-risk period for late postoperative hypoxaemia (N).

The obese patient

1. Perioperative dexmedetomidine infusion reduces pain intensity, opioid requirements and
PONV after bariatric surgery (N) (Level I [PRISMA]).

2. Intraoperative peritoneal local anaesthetic administration reduces pain intensity and opioid
requirements after bariatric surgery (N) (Level I [PRISMA]).

3. Paracetamol (multi-dosing) r educes opioid requirements, hospital length of stay and
representations for pain after bariatric surgery (N) (Level I1).

4. Intraoperative systemic lidocaine infusions reduce pain intensity, opioid requirements and
improve the quality of recovery after bariatric surgery (N) (Level II).

5. Epidural administration of local anaesthetics in obese patients has been associated with
increased risk of cephalad spread (N) (Level I1I-2).

6. Obesity increases the failure rate of neuraxial and peripheral nerve blocks (N) (Level IV);
ultrasound guidance improves the success rate (N) (Level V).

M Obesity has significant detrimental effects on respiratory function and is linked to an
increased rate of obstructive sleep apnoea (N).

M Obesity influences pharmacokinetic and pharmacodynamic parameters of analgesic
medications leading to uncertainty about dosing and caution should be used with weight-
based dosing (N).

M Multimodal analgesic techniques including use of regional techniques result in opioid-
sparing effects and thereby improve safety of acute pain management after bariatric
surgery (N).
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The patient with concurrent renal or hepatic disease

]

Consideration should be given to the choice and dose regimen of analgesic agents in
patients with hepatic and particularly renal impairment (S).

The opioid-tolerant patient

1.

10.

11.

Alpha-2 agonists (clonidine and lofexidine) reduce opioid-withdrawal symptoms (U) (Level I
[Cochrane Review]).

Remifentanil use leads to opioid-induced hyperalgesia (U), which is attenuated by propofol
(U) (Level I [PRISMA]), NMDA-receptor antagonists (U) (Level | [QUOROMY]), pregabalin (U)
(Level 1), nitrous oxide (N) (Level Il) and gradual tapering of remifentanil dose (N) (Level ll).

Gabapentin and pregabalin attenuate opioid-induced hyperalgesia/tolerance and reduce
opioid-withdrawal symptoms (U) (Level I1).

In opioid-tolerant patients, ketamine improves pain relief after surgery and reduces opioid
requirements (S) (Level II).

Long-term opioid use is a dose-dependent risk factor for sleep-disordered breathing, which
requires appropriate perioperative assessment, monitoring and management (S) (Level 11I-2
SR).

Long-term opioid use is associated with dose-dependent increased risks of injuries (N)
(Level 111-2) including fractures (N) (Level Il1I-2 SR) and overdose (N) (Level 111-2).

Preoperative opioid use is associated with worse outcomes after a variety of operations (N)
(Level 111-2).

Preoperative opioid tapering may ameliorate the risk of postoperative complications and
morbidity (N) (Level 111-2)

Preoperative opioid use is a risk factor for prolonged postoperative opioid use (N)
(Level 111-2).

Opioid-tolerant patients report higher pain scores, have slower pain resolution leading to
longer hospital stay and increased readmissions but have a lower incidence of opioid-
induced nausea and vomiting (U) (Level 111-2).

Opioid-tolerant patients may have significantly higher opioid requirements and interpatient
variation in the doses needed than opioid-naive patients (U) (Level 111-2).

Usual preadmission opioid regimens should be maintained where possible or appropriate
substitutions made (S).

Liaison with all health care professionals involved in the treatment of the opioid-tolerant
patient is important (S).

Opioid-tolerant patients are at risk of opioid withdrawal if nonopioid analgesic regimens,
tramadol or tapentadol alone are used (U).

PCA settings may need to include a background infusion or other background opioid to
replace the usual opioid dose and a higher bolus dose (U).

Neuraxial opioids can be used effectively in opioid-tolerant patients, although higher
doses may be required and these doses may be inadequate to prevent withdrawal (U).
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Adjuvants are used for their antitolerance, antihyperalgesic, and antiallodynic effects and
there is some evidence upon which to base the choice of agent (S).

In patients with escalating opioid requirements, management considerations are the
development of tolerance or opioid-induced hyperalgesia (S).

Following short-term opioid dose escalation for acute pain, a “reverse analgesic ladder”
approach, using stepwise reduction to the patient’s usual opioid regimen is
recommended (S).

For assessment of withdrawal reactions, the use of a validated withdrawal tool in opioid-
tolerant patients is recommended; management strategies vary and include weaning,
rotation and adjuvant use (N).

The patient with a substance use disorder

Benzodiazepines are effective for alcohol-withdrawal symptoms, in particular reducing
seizures (U) (Level I [Cochrane Review]).

. Opioid substitution therapy with methadone or buprenorphine is better than clonidine

and lofexidine in ameliorating withdrawal symptoms (N) (Level | [Cochrane Review]).

Methadone and buprenorphine maintenance regimens should be continued throughout
acute pain episodes wherever possible (S) (Level I1I-2 SR [PRISMA]).

Poorly managed acute pain episodes may decrease retention in opioid-maintenance
programs (U) (Level 111-2).

. To achieve better analgesic efficacy, daily methadone maintenance doses should be

divided and given 8 to 12 hourly (S) (Level IV SR [PRISMA]).

Pain management in patients with substance use disorder often presents significant
challenges for both clinicians and patients. Patients fear being stigmatised or
discriminated against, are concerned about inadequate pain relief with their past
experiences leading to physician distrust; they fear experiencing withdrawal (before their
usual drugs are prescribed) and relapse precipitated by acute opioid exposure. The
challenges for the clinician Include mistrust, concerns about drug seeking, fear of
overtreatment with adverse events, concerns about diversion, and risk of discharge
against medical advice (N).

A “universal precautions” approach is increasingly recommended for patients with
substance use disorder in acute pain settings; it may include use of multimodal analgesia,
abuse-deterrent formulations, urine drug screening, use of prescription drug monitoring
programs and risk management strategies (N).

An acute admission offers opportunity to engage with patients with substance use
disorder as well as to treat the acute issues (N).

There is no cross-tolerance between alcohol or benzodiazepines or central nervous system
stimulants and opioids (U).

Oral naltrexone should be stopped at least 24 hours, ideally 72 hours, prior to elective
surgery (U); naltrexone implants may need surgical removal in cases of severe acute pain
where opioid responsiveness is required (U).
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M Patients who have ceased naltrexone therapy should be regarded as opioid naive; in the
immediate post-treatment phase they may be more opioid sensitive (U).

M To achieve better analgesic efficacy, daily buprenorphine maintenance doses could be
divided and given 8 to 12 hourly (U).

M Nicotine has a small to medium analgesic effect in volunteers and smoking abstinence
increased self-reported pain (N).

10.0 | Paediatric

Developmental neurobiology of pain

1. Following birth, even the most preterm neonate responds to nociceptive stimuli (U)
(Level IV).

2. In early development, more generalised reflex nociceptive responses occur in response to
lower intensity stimuli (U) (Level IV).

Consequences of early pain and injury

1. Pain and injury in early life cause structural changes in cortical and subcortical pathways and
are associated with alteration in somatosensory thresholds in later life (U) (Level 11I-2).

2. Analgesia may modulate the long term effects of pain and injury in early life but more
information is required to determine the optimal dosing and type of agents to avoid
negative impact of the pharmacological intervention itself (U) (Level 111-2).

3. Improving quality of infant pain management delivery in neonatal intensive care (including
pharmacological and nonpharmacological interventions) may result in improved
neurodevelopmental outcomes (U) (Level 111-2).

4. Understanding of the epigenetic factors that contribute to the behavioural pain trajectory is
evolving; this may lead to enhanced developmentally targeted care to reduce stress
exposure and long term impacts for infants (N) (Level IV SR [PRISMA]).

Paediatric pain assessment

1. Pain measurement tools are available for children of all ages (S) (Level IV SR).

2. Paediatric pain measurement tools must be matched to the age and development of the
child (U) (Level IV SR).

3. Adoption of written guidelines or pain management algorithms improves both assessment
and management of pain in neonates and children (N) (Level IV SR).

M Pain assessment and measurement are important components of paediatric pain
management (U).

M Pain scores generated from different pain scales may not be congruent and this should be
considered when used clinically and in research (N).

M Pain scores and pain score subdivisions (cut-offs) should not be used as a sole guide to
administration of analgesia (N).
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M Children with neurodevelopmental disorders (with and without cognitive impairment and

varying levels of physical disability) may be more susceptible to pain and communicate it
in different ways (N).

M Pain measurement tools must be appropriate for the clinical context, be explained and

used consistently (U) and be validated when translated into other languages (Q).

M Facial recognition software applications may reduce clinician bias and become useful

bedside tools in neonates and children with and without cognitive impairment (N).

Analgesic agents

Paracetamol (acetaminophen)

1.

Post tonsillectomy in children, paracetamol (alone or combined with opioids) administered as
required compared to fixed schedule achieved similar pain scores over 3 days; with lower
dosing administered in the as required groups (N) (Level I [Cochrane Review]).

For pain of acute otitis media in children, paracetamol is similar to ibuprofen and both are
superior to placebo in achieving pain freedom at 48 hours, but not other time points (N)
(Level I [Cochrane Review]).

Paracetamol is effective for moderately severe pain and decreases opioid requirements
after major and minor surgery in children (U) (Level | [PRISMA]).

Paracetamol has a similar safety and tolerability profile compared with ibuprofen and placebo
if prescribed and administered at recommended doses in children (U) (Level IV SR).

Retrospective epidemiological studies linking paracetamol use in pregnancy or infancy to
later development of childhood asthma are inherently confounded (U); when adjusted for
respiratory tract infections in the child the association is lost (Q) (Level 111-2 SR [PRISMA]).

Retrospective epidemiological studies report modest association of paracetamol use in
pregnancy with childhood neurodevelopmental disorders such as attention deficit and
hyperkinetic disorders; this is strengthened when adjusted for longer term use (>28 days)
and disappears for short term use (<8 days) (Q) (Level 11l-2 SR [PRISMA]).

Paracetamol has unclear vasoactive effects; in critically ill children, hypotension is
reported with both IV formulations (N) (Level IV SR).

Safe dosing of paracetamol requires consideration of the age and body weight of the child
and the duration of therapy (U).

Paracetamol related hepatotoxicity generally occurs in children who have received doses
greater than 120 mg/kg, as single or repeated daily dosing; with contributions from
rounding up or 10-fold dosing error and formulation substitution or confusion by
prescribers and parents (N).

Paracetamol is recommended routinely following tonsillectomy and
pharmacokinetic/pharmacodynamic simulation is exploring the optimal combinations of
multimodal analgesia in this surgical model (N).

M There is insufficient pharmacokinetic/pharmacodynamic and safety data of use of

paracetamol in preterm and term neonates; use for patent ductus arteriosus closure in
preterm neonates provides limited data in this age group of an improved safety profile
compared with nsNSAIDs (N).
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M Emerging evidence suggests that maternal paracetamol use may influence premature
closure of the fetal ductus arteriosus (N); use in pregnancy should be limited to the
minimum dose and duration that is clinically necessary.

M Intravenous paracetamol in haemodynamically unstable patients has been associated with
hypotension (N).

Nonselective NSAIDs

1. Nonselective NSAIDs do not increase the risk of either surgical or nonsurgical intervention
for bleeding after paediatric tonsillectomy (U) (Level | [Cochrane Review]); however this
was not supported by a large non-inferiority RCT where surgical intervention was
increased with ibuprofen versus paracetamol (Q) (Level I1).

2. Nonselective NSAID (ibuprofen) use for acute otitis media reduces pain (at 48 hours) vs
placebo, with similar efficacy to paracetamol (N) (Level | [Cochrane Review]).

3. Nonselective NSAIDs are effective for moderately severe pain and decrease opioid
requirements after major paediatric surgery (U) (Level | [PRISMA]) and postoperative
nausea and vomiting (U) (Level | [QUOROM]).

4. Serious adverse effects after nonselective NSAIDs are rare in children over 6 months of
age (U) (Level It).

5. lbuprofen may increase severity of haemorrhage post tonsillectomy in patients returning
to theatre (N) (Level 11I-3).

6. Short term use of ketorolac or ibuprofen do not increase bone healing complications in
children undergoing posterior spinal fusion, osteotomy, or fractures managed surgically
(S) (Level 111-3) or conservatively (N) (Level 111-3).

M Aspirin for acute pain indications should be avoided in children (U).

I Combined population pharmacokinetic-pharmacodynamic modelling is required to inform
targeted dosing recommendations of analgesics in children (U).

Coxibs

1. Parecoxib use in children reduces early postoperative pain scores, PONV (compared to
tramadol and fentanyl) and postoperative opioid consumption (N) (Level I [PRISMA]).

2. Parecoxib may have a ceiling analgesic effect in children in doses less than 1 mg/kg (N)
(Level ).

M The safety profile of coxibs in the setting of allergy or contraindication to nonselective
NSAID in adults and children is encouraging; but safety data specific to short term use in
the perioperative period is limited (Q).

M Celecoxib for 3 days reduces pain and additional analgesic requirement post-tonsillectomy
in children (N).

M Some paediatric centres retain the 1 mg/kg (40 mg) maximum daily dosing schedule for

Parecoxib for off license use (N).
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Conventional and atypical opioids

Opioids

1. Young and obese children with history of obstructive sleep apnoea/sleep-disordered
breathing are at higher risk of developing serious opioid-induced ventilatory impairment
and death (U) (Level IV).

2. Opioid-induced ventilatory impairment and death occur rarely with therapeutic dosing in
children taking opioids at home (N) (Level IV).

3. Safe dosing of opioids requires consideration of the child’s age, body weight, comorbidities
and ethnicity (U) (Level IV).

Fentanyl
4. Intranasal fentanyl is an effective treatment for paediatric acute pain management, with an
acceptable adverse effect profile and ease of delivery (N) (Level I).

Codeine

5. The efficacy of oral codeine in children is unpredictable due to genetic differences in the
ability to generate the active metabolite morphine (U) (Level Il), as are adverse effects and
serious toxicity (U) (Level IV).

6. Codeine should not be used in children, especially after adenoidectomy or tonsillectomy, due
to an increased risk of opioid-induced ventilatory impairment and death (S) (Level IV).

Tramadol

7. Tramadol provides superior analgesia to placebo and has similar efficacy to conventional
opioids in children of all ages administered by various routes for multiple surgery types (S)
(Level I [Cochrane]).

8. ltis unclear if tramadol causes less ventilatory impairment than other opioids in children
due to insufficient trial size (N) (Level I [Cochrane]).

Buprenorphine
9. Buprenorphine administered IV or caudally has similar efficacy to morphine or caudal local
anaesthetic in children for different surgery types (N) (Level Il).

Nalbuphine
10. Nalbuphine intravenously is effective for postoperative pain relief in children in several low
quality heterogeneous trials (N) (Level I [Cochrane]).

M Careful titration of opioids is advised according to the individual child’s response
(analgesia and adverse effects) (U).

M Despite the regulatory response with boxed warning and upscheduling of codeine,
prescription continues in at risk patients (with obstructive sleep apnoea/sleep-disordered
breathing or post adenotonsillectomy) or has been replaced by prescription of potent
conventional opioids such as oxycodone and hydrocodone which present similar or
greater hazard (N).

M The practice of applying an occlusive dressing to the skin surface of a transdermal fentanyl
delivery system does not limit dose delivery (U).

M Tramadol shares some adverse effects with the conventional opioid class in children, with
similar or reduced rates of nausea and vomiting, sedation and fatigue but less constipation
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and pruritus (U). Sedation (not necessarily associated with miosis), seizures, ventilatory
impairment and deaths have occurred (N).

Naloxone has been used to treat tramadol overdose in children with effect (N).

CYP2D6 phenotype has been the reason for codeine’s black box warning, but the clinical
significance in terms of tramadol/M1’s analgesic efficacy and adverse-effect profile
including safety is still unknown (S). Inadvertent overdose and formulation issues are likely
of greater risk than CYP phenotypes resulting in variable drug metabolism; evidence for
harm from this second mechanism is lacking (N).

Tramadol 100mg/mL concentrated drops formulation use is potentially harmful in children
with possible dosing confusion (drops with millilitres) and resultant overdose (U).

In paediatric overdose, buprenorphine causes the spectrum of neurocognitive adverse
events as seen with conventional opioids which may be reversible with naloxone (N).

More studies are required to determine tapentadol’s comparative efficacy in paediatric
acute pain and if its adverse effect profile in children is improved versus placebo,
conventional opioids or tramadol (N).

In paediatric overdose, tapentadol causes the spectrum of neurocognitive adverse events
seen with conventional opioids, which may be reversible with naloxone (N).

Discharge opioid prescribing for children

1.

Postoperative opioid therapy in children and adolescents may lead to long term opioid use
and misuse in later life (N) (Level 111-2); risk factors include type of surgery, psychological
and social factors and other substance use (N) (Level 111-2).

Long term opioid use following therapeutic medical prescription is uncommon in children
and adolescents (N) (Level IV). However, prior diagnosis of chronic pain, substance use or
mental health conditions are risk factors (N) (Level IV).

Misuse of prescription opioids is common amongst adolescents and young adults either
as medical use (self-treatment) or nonmedical use (sensation seeking/recreational) (N)
(Level 1V).

Leftover prescribed opioids are a common source of nonmedical opioid use in adolescents,
with most adolescents gaining access through family or friends (N) (Level IV).

Unsafe storage of prescription opioids in the home and non-disposal of leftover opioids is
common (N) (Level IV).

Prescription opioids are a large source of opioid-related poisonings: usually accidental in
young children and related to recreational use or with intentional overdose in adolescents
(N) (Level IV).

Adverse drug events in children and adolescents sent home with prescription opioids are
common (N) (Level IV).

As for adults, a sensible approach should be used in the setting of prescribing discharge
opioid medications for children and to adults with children at home (N).

As for adults, prescribing discharge medications for children should be done with
consideration of the child’s anticipated opioid requirements. The tablet number and
volume of opioid solution prescribed should be judicious and individualised (N).
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M Understanding and education is required to determine procedure specific pain trajectories
in children (N).

M Carer/parental, patient and clinical staff education is necessary about risks of opioids and
how to safely dispose of unused medication by return to a pharmacy (N).

M Carer/parental and patient education in case of ongoing pain and analgesic issues is
appropriate with follow-up by general practitioners or pain medicine services as indicated (N).

M Education and guidelines are desirable for adult and paediatric discharge and community
opioid prescribers with focus on information provision for staff delivering the advice
(ideally written and verbal combined) to carers and families (N).

Opioid tolerance in children and adolescents

1. latrogenic withdrawal syndrome following prolonged inpatient intravenous opioid therapy
in critically ill children is common (N) (Level IV SR [PRISMA]).

M There are groups of paediatric patients who are opioid-tolerant, as in adults. They require
special consideration for inpatient pain management and perioperative care. In children
with opioid tolerance, inadequate pain relief and withdrawal (if opioids are acutely
ceased) are specific risks. Acute pain service input can assist with preadmission planning
and use of various adjuvants beyond standard multimodal interventions (N).

M For assessment of withdrawal reactions, the use of a validated withdrawal tool in
paediatric opioid-tolerant patients is recommended; management strategies vary and
include opioid weaning, rotation and adjuvant use (N).

Systemic NMDA-receptor antagonists

Ketamine

1. Perioperative low-dose intravenous ketamine bolus is similarly effective to opioids and
superior to placebo in reducing early pain scores and analgesic requirements in children (U)
(Level I [PRISMA]).

2. Perioperative low-dose intravenous ketamine bolus does not increase the postoperative
incidence of nausea and vomiting, sedation, agitation, dreams or hallucinations in children
(S) (Level I [PRISMA]).

3. Peritonsillar infiltration and topical application of ketamine for paediatric tonsillectomy
reduces early pain scores and analgesic requirements versus placebo (S) (Level | [PRISMA]).

4. When added to multimodal analgesia, perioperative ketamine (bolus with or without
intra/postoperative infusion) in children is not opioid-sparing vs placebo (S), although low
postoperative pain scores and small sample sizes mean the meta-analysis is underpowered
(Q) (Level I [PRISMA]).

5. There is low level evidence that combination ketamine and opioid PCA improved pain
scores and PCA use post Nuss surgery (N) (Level Il).

M High-dose long term ketamine is neurotoxic in animal models. The neurodevelopmental
impact in children of subanaesthetic/analgesic doses of ketamine administered by bolus
or postoperative infusion is unclear (U).

M The benefit of perioperative ketamine in preventing remifentanil induced hyperalgesia
has not been adequately assessed in paediatric surgery (U).
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Magnesium

6.

Magnesium (intravenous or peritonsillar infiltration) in children for tonsillectomy reduces
postoperative rescue medication use, and increases time to first analgesia versus control;
magnesium also reduces risk of postoperative emergence agitation and laryngospasm (N)
(Level I [PRISMA]).

Magnesium (locally infiltrated) in children reduces late (24 hour) but not early (<1 hour)
pain scores post tonsillectomy versus control (N) (Level | [PRISMA]).

Alpha-2 agonists

1.

Preoperative oral clonidine reduces postoperative pain scores and analgesic requirement in
children compared to placebo or midazolam but not fentanyl (U) (Level I [Cochrane
Review]).

Preoperative oral clonidine reduces postoperative nausea and vomiting in children
compared to placebo or midazolam (U) (Level | [Cochrane Review]).

Preoperative intranasal dexmedetomidine reduces postoperative pain scores, rescue
analgesic requirements and emergence agitation with minimal adverse effects vs placebo
(N) (Level I [PRISMA]) and mixed comparators (N) (Level I).

Intraoperative dexmedetomidine reduces postoperative pain scores (U) (Level | [PRISMA])
and need for postoperative rescue analgesia (Q) (Level I) including opioid (U) (Level |

[PRISMA]) in children compared to placebo, with minimal impact on time to discharge (N)
(Level I [PRISMA]) via intravenous (S) (Level I [PRISMA]) and intranasal routes (S) (Level I).

Alpha-2 agonists offer benefits in addition to analgesia in children in the perioperative,
intensive care and procedural settings. These benefits include anxiolysis, sedation (MAC
sparing), behavioural modification, prevention or treatment of opioid withdrawal
(facilitating opioid weaning) (U) and reduction of emergence agitation (S).

Alpha-2-delta ligands (gabapentinoids)

1.

Multi-day perioperative (but not single preoperative) gabapentin dosing reduces
postoperative morphine consumption vs placebo following multilevel posterior spinal
fusion for adolescents with idiopathic scoliosis (N) (Level II).

Multiday perioperative gabapentin reduces phantom limb pain incidence vs placebo in
paediatric oncology amputation surgery (N) (Level II).

Preoperative gabapentin and likely pregabalin improve analgesia after tonsillectomy in
children and reduce PONV without increasing adverse effects (N) (Level I [PRISMA]).

Alpha-2 delta ligands use in children for acute (and chronic) pain conditions is expanding
based mostly on expert opinion and case series. The pain indications are similar to those
for adults with similar benefit and adverse event profiles (N).

Gabapentin and pregabalin are used to manage pruritus and neuropathic pain following
burn injury in children (N).

The use of alpha-2 delta ligands for the prevention of chronic postsurgical pain in children
has not been studied (N).
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Corticosteroids

1.

Single dose intravenous dexamethasone reduces pain post tonsillectomy, postoperative
vomiting and time to soft diet commencement in children (U) (Level I [Cochrane Review]).

Intavenous dexamethasone does not increase the overall risk of bleeding post tonsillectomy
but increases the risk of reoperation for bleeding in children (S) (Level I).

Oral dexamethasone (given in addition to antibiotics) shortens the time to onset of pain
relief in pharyngitis in children (U) (Level 1).

Oral prednisolone multiday course post tonsillectomy does not reduce pain outcomes at
day 3 or day 7 or postoperative nausea and vomiting (N) (Level I).

Systemic lidocaine infusions

1.

Perioperative intravenous lidocaine infusion in abdominal surgery in children improved
various pain and non-pain related postoperative outcomes (N) (Level II).

M Dosing of perioperative lidocaine infusions have been extrapolated from use in adults and

pharmacokinetic study is warranted to determine safe dosing practices in children (N).

Opioid infusions and Patient Controlled Analgesia (PCA) in children

[xxxviii

Addition of a low-dose background infusion to patient controlled analgesia (PCA) bolus results
in similar pain scores and total opioid consumption and improves sleep duration in children;
numbers are inadequate to assess safety of adding a background (N) (Level 1).

In ventilated preterm neonates, routine use of morphine infusions does not affect
mortality, duration of ventilation or neurological outcomes (U) (Level | [Cochrane Review]),
including when followed up as older children (S) (Level II).

Postoperative intravenous opioid requirements vary with age in neonates, infants and
children (U) (Level II).

Intermittent intramuscular injections are distressing for children and are less effective for
pain control than intravenous infusions (U) (Level I1I-1).

Patient-controlled analgesia (PCA) can provide safe and effective analgesia for children as
young as 5 years old (S) (Level 111-3).

Intravenous opioids via continuous infusion, nurse-controlled analgesia and parental proxy
use of patient controlled analgesia (PCA) devices can be used effectively (U)
(Level 111-2) and safely (N) (Level IV) in children of all ages.

Nurse-controlled analgesia (U) (Level 11I-2) and parental proxy use of patient controlled
analgesia (PCA) devices in children (U) (Level 111-3) may require more rescue interventions
(such as naloxone, airway management or intensive care) than PCA, but this may reflect the
younger patient population where this technique is offered.

Morphine by patient controlled analgesia (PCA) is at least as safe as intermittent nurse
administered intravenous morphine (N) (Level IV).

Initial doses of opioid should be based on the age, weight and clinical status of the child
and then titrated against the individual’s response (U).
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Effective patient controlled analgesia (PCA) prescription in children incorporates a bolus
that is adequate for control of movement-related pain (U).

Paediatric Regional Analgesia

10.

11.

12.

13.

14.

Topical local anaesthetic does not adequately control pain associated with circumcision in
awake neonates (U) (Level | [Cochrane Review]).

Caudal local anaesthetic, dorsal penile nerve block (U) (Level I [Cochrane Review]) and ring
block (N) (Level Il) provide effective perioperative analgesia for circumcision in infants to
adolescents.

Caudal local anaesthetic in addition to general anaesthesia for circumcision does not reduce
postoperative nausea and vomiting or the need for early rescue or other analgesia in
children (infants to adolescents) when compared to parenteral analgesia (U) (Level |
[Cochrane Review]).

In acute otitis media, topical local anaesthetic drops are effective in children compared to
placebo and equivalent to naturopathic drops (S) (Level | [Cochrane Review]).

For paediatric cleft lip repair, infraorbital nerve block with lidocaine or bupivacaine may
reduce postoperative pain versus placebo; duration is increased when opioids are added
(with no systemic comparator) (N) (Level | [Cochrane Review]).

Epidural analgesia compared to systemic analgesia after spinal surgery in children
improves pain up to 72 hours postoperatively (N) (Level I[Cochrane Review]).

Local anaesthetics (by infiltration or nerve block) reduce pain scores post dental procedures
(N) (Level I [PRISMA]).

Ketamine added to caudal local anaesthetic for paediatric day-stay surgery prolongs
analgesia but not motor block (U) (Level I [PRISMA]); however concerns regarding
neurotoxicity remain.

Dexamethasone (caudal, perineural or 1V) prolongs the duration of analgesia of local
anaesthetic caudal (N) (Level | [PRISMA]) and peripheral nerve blocks (N) (Level II).

Magnesium added to caudal local anaesthetic blocks improves analgesia in children (N)
(Level I [PRISMA]).

Clonidine (U) and dexmedetomidine (N) improve analgesia in children when added to local
anaesthetic caudal blocks, epidural infusions (Level I [PRISMA]) and peripheral nerve blocks
(N) (Level 11).

Peritonsillar dexamethasone or peritonsillar ketamine may reduce pain scores following
paediatric tonsillectomy compared to placebo (in trials with no systemic comparator arms)
(N) (Level I).

Ultrasound guidance for epidural catheter insertion is a reliable predictor of depth to loss of
resistance (or of epidural space), offers visibility of the needle and catheter and may reduce
bone contacts (N) (Level IV SR).

In children having cardiac surgery, caudal injections with various medication combinations
vs control reduces postoperative analgesia requirements and pain scores (N) (Level IV SR
[PRISMAY]).
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

In children having scoliosis surgery, the addition of epidural local anaesthetic infusion to
intravenous PCA morphine improves pain scores and patient satisfaction (U) (Level 1) and
decreases postoperative nausea (U) (Level Il).

Peripheral nerve blocks (S) (Level I [PRISMA]), wound infiltration and caudal local anaesthetic
provide effective analgesia after day-stay paediatric inguinal surgery (S) (Level Il).

Epidural infusions of local anaesthetic in children provide similar levels of analgesia compared
to systemic opioid infusion (U) (Level Il) and intravenous PCA (U) (Level llI-3 SR).

Epidural opioids alone are less effective than epidural local anaesthetic or combinations of
local anaesthetic and opioid in children (U) (Level Il).

Intrathecal opioids provide prolonged analgesia after surgery in children and reduce blood
loss during paediatric spinal fusion (U) (Level Il). High doses of intrathecal morphine in
children have been associated with respiratory failure and intensive care admission (N)
(Level 111-2).

Paediatric regional analgesia (peripheral nerve and neuraxial blocks as single injections and
continuous catheters) are effective (Level Il) and safe analgesic techniques in children (S)
(Level IV); continous peripheral nerve catheters have been used in hospital and following
discharge, with low secondary failure rates (N) (Level IV).

Ultrasound guidance to assist peripheral block and catheter placement has increased block
success (Level Il) but not impacted the incidence of local anaesthetic systemic toxicity or
neurological complications in children; the latter having decreased independently over time
(N) (Level IV).

Continuous wound catheter infusions of local anaesthetic are effective (N) (Level Il) and
safe analgesic techniques (N) (Level IV).

Caudal local anaesthetic blocks provide effective analgesia for lower abdominal, perineal
and lower limb surgery (Level Il) and have a low incidence of serious complications (S)
(Level 1V).

Continuous ultrasound-guided caudal injection versus landmark technique increases
success of first puncture and lowers risk of vascular puncture and inadvertent subcutaneous
injection (N) (Level Il); while permitting real-time visualisation of injectate spread (N)

(Level IV).

Sub Tenon block for paediatric ocular surgery achieved longer time to first analgesic
administration versus placebo or intravenous opioid (N) (Level II).

Complications of epidural infusions are rare; the rates are slightly higher in neonates and
infants versus older children (S) (Level 111-2).

Continuous epidural infusions provide effective postoperative analgesia in children of all
ages (U) (Level 111-2).

Continuous epidural infusions are safe in children of all ages (S) (Level llI-2) if appropriate
doses and equipment are used by experienced practitioners, with adequate monitoring
and management of complications (U) (Level I1V).

Thoracic epidural, paravertebral catheters, wound catheters and intercostal nerve blocks
all provide effective analgesia for pectus excavatum repair surgery, with longer hospital
stays in thoracic epidural recipients (N) (Level I1I-3).
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30. Placement of paediatric regional analgesia (peripheral nerve and neuraxial blocks as single

injections and catheters) in children under general anaesthesia is not associated with an
increased rate of complications (S) (Level IV).

An association between urethral fistula formation complicating hypospadias repair and
caudal block has not been consistently reported; variation in anatomical presentation and
surgical technique are more biologically plausible risk factors (N).

Lipid emulsion (20%) has been used in successful resuscitation of paediatric patients
(neonates to 18 years) with local anaesthetic systemic toxicity; dosing recommendations
are the same as for adults and higher doses have led to adverse effects (N).

Dosing practices for peripheral nerve blocks vary and concerningly doses sometimes
approach or exceed the accepted safe dose limit; this occurs more commonly in younger
children (N).

Management of procedural pain in children

Neonates

1.
2.

6.

In term neonates, venipuncture is less painful than heel lance (N) (Level I [Cochrane Review]).

Sucrose (S) (Level I [Cochrane Review]) and non-sucrose sweet solutions (mostly glucose)
(N) (Level I [PRISMA]) reduce pain scores and behavioural response for skin-breaking
procedures in neonates.

Providing physical comfort measures, including kangaroo care (maternal or alternative skin to
skin provider), non-nutritive sucking (alone or combined with sweet-tasting solutions),
facilitated tucking (swaddling) or rocking and holding (N) reduces pain experienced by term and
preterm neonates having skin-breaking procedures (S) (Level I [Cochrane Review]).

Pain from ocular examination for retinopathy of prematurity is reduced by sucrose and non-
nutritive sucking (N) (Level I [Cochrane Review]) and topical local anaesthetic (N) (Level llI-1
SR [Cochrane Review]).

Kangaroo care (or skin to skin contact) in neonates reduces the distress of vaccine injection
(N) (Level 111-1 SR).

Sucrose reduces distress after gastric tube placement in neonates (N) (Level 11I-1 SR).

Infants and children

7.

Breastfeeding (<2 years of age) reduces pain intensity and crying duration for skin-
breaking procedures including vaccine injection compared to positioning, holding by
mother, maternal skin to skin contact (<1 months), topical anaesthetics, music therapy,
pacifier use (<4 months), placebo, no intervention and/or oral sucrose (S) (Level |
[Cochrane Review]).

Non-nutritive sucking reduces pain after needle-related procedures in infants and young
children (<3 years) (N) (Level I [Cochrane Review]).

Oral sucrose and glucose reduce cry incidence and duration (U) (Level Ill-1 SR [Cochrane
Review]) and distress (N) (Level lll-1 SR) of vaccine injection in infants.

10. Distraction in infants and young children (<3 years) reduces vaccine injection pain (N)

(Level 111-1 SR).
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11. Procedural modifications reduced distress of vaccine injection including injection without
aspiration (<18 months), simultaneous injection of multiple vaccines (<12 months) and
injection of most painful vaccine last (<6 months) (N) (Level I1I-1 SR).

12. Topical local anaesthetic reduces distress of vaccine injection in infants (N) (Level IlI-1 SR).

13. Parental presence reduces prevaccine injection distress in infants and children (N)
(Level 111-1 SR).

14. Parental education before or on vaccination day increases use of evidence-based pain
management strategies and reduces distress in infants and children (N) (Level IlI-1 SR).

15. Physical interventions including holding by parent (during or after) and non-nutritive sucking
in infants (0—4 months) reduces the distress of vaccine injection (N) (Level 11l-1 SR).

16. The efficacy of supplemental/expressed breast milk for procedural pain management is
unclear (N) (Level 1ll-1 SR).

17. Needle-free pressure injected lidocaine is quick in onset and reduces pain from subsequent
needle-related procedures in infants and children (N) (Level I1).

Children and adolescents
18. EMLAZ® is an effective topical local anaesthetic for children but amethocaine is superior for
reducing needle-insertion pain (U) (Level | [Cochrane Review]).

19. Topical local anaesthetic application (U) (Level I [Cochrane Review]), inhalation of nitrous
oxide 50—70% or the combination of both (U) (Level | [PRISMA]) provides effective and safe
analgesia for minor procedures in children.

20. Distraction (including with video, toys, music or stories) and hypnosis reduces needle
related pain (S) and distress (N) in children and adolescents (Level I [Cochrane Review]).

21. Buzzy® (which combines vibration and cold) (N) (Level I [PRISMA]) and vibration by other
methods (S) (Level IlI-1 SR) reduces needle-related procedure pain, including vaccine
injection in children.

22. Active and passive music therapy reduces pain and anxiety associated with various needle-
related procedures in children (U) (Level 1).

23. Immersive virtual reality reduces pain of medical procedures including wound dressing care
and venipuncture (N) (Level IlI-1 SR [PRISMA]).

24. Immersive virtual reality for medical procedures in children reduces self-reported pain and
anxiety (N) (Level llI-1 SR).

25. Ketamine is effective for paediatric procedural pain management (Q) (Level IV).

26. Hospital wide initiatives to implement evidence-based standards of care for needle related
procedures can improve service delivery and patient satisfaction (N) (Level 1V).

M Using combinations of evidence-supported single pain management strategies for painful
procedures is strongly recommended (N). Non-pharmacological intervention should
always be incorporated (N).

M It is of concern that minor procedures are still undertaken in children, particularly
neonates and infants, in the elective and emergency hospital setting with minimal or no
pain management intervention (N).
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Inadequate monitoring, lack of adequate resuscitation skills and equipment, and the use
of multiple medicine combinations has been associated with major adverse outcomes
during paediatric procedural analgesia and sedation (U).

Pain caused by injection is a barrier to vaccine uptake; thus managing vaccine injection
pain has immediate and long term implications for the wellbeing and health of individuals
and society (N).

Based on data from other specific phobias, exposure-based therapy (in vivo or imagined) is
recommended for children and adolescents (7—17 years) with needle phobia receiving
vaccine injections (N).

Hypnosis requires teaching by a trained professional, but distraction can be readily provided
by staff or parents and should be routinely offered in the paediatric setting (U).

For children and adolescents, sitting upright may reduce procedural pain and distress (N).

Acute pain in children with cancer

PCA and continuous opioid infusions are equally effective in the treatment of pain in
mucositis in children, but opioid consumption and duration of pain is less with PCA (U)
(Level I [Cochrane Review]).

Topical local anaesthetic application for children having central venous port access is
effective and analgesia is not further improved by oral analgesics (morphine or
paracetamol) (U) (Level ).

Self-reported pain scores by children with cancer were higher in intensity compared with
nurse-reported pain scores, with variable agreement with parent/carer-reported pain
scores (N) (Level 11I-2 SR).

. There is limited evidence that low-level laser therapy reduces the severity of mucositis in

children (U) (Level 111-2 SR [PRISMA]).

QT interval prolongation with methadone in children with cancer has been reported
without complication; the clinical significance is not clear (N) (Level IV).

Poorly managed pain in children during the terminal stages of cancer is associated with
higher levels of long term parental grief (N) (Level IV).

Outpatient intravenous PCA opioid has been used to help children in the terminal stages of
cancer stay at home (N) (Level IV).

. Transdermal fentanyl patch use may be appropriate in opioid tolerant children with cancer

(N) (Level IV).

In paediatric cancer pain management, the same therapeutic approaches as in adults are
used, although evidence is limited (U).

The World Health Organization has removed codeine from the management approach to
paediatric cancer pain reducing the number of tiers from three to two: with tier one
including nonopioid analgesics and adjuvants and tier two including strong opioids; in 2019
the WHO withdrew the reference document, but it remains endorsed by organisations
throughout Australia, New Zealand and internationally until it is replaced (Q).
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Caution must be taken during uptitration of transdermal systems due to the
pharmacokinetic profile of transdermal delivery that has slow penetration and delayed
uptake from the stratum corneum (N).

Other acute pain conditions in children

Management of pain due to trauma and burns in children

1.

]

For paediatric trauma patients in the prehospital setting, frequency of administration of
analgesics is low (N) (Level IV SR) and documentation of pain assessment is variable (N) (Level IV).

Intranasal fentanyl is equivalent to intravenous or intramuscular morphine in reducing pain
associated with paediatric fracture presenting to the emergency department (U) (Level II).

Intranasal ketamine (1-2 mg/kg) achieves similar pain reduction to intranasal fentanyl
(1.5-2 mcg/kg) for isolated limb fracture pain, but with an increased frequency of minor
side effects (eg dizziness, bad taste) (N) (Level I1).

The introduction of an intranasal fentanyl protocol for limb injury can reduce the time to first
analgesia in the emergency department, compared to intravenous morphine (N) (Level llI-3).

Single shot fascia iliaca compartment block is effective in managing femoral fracture pain
(N) (Level 111-3).

Methoxyflurane, intranasal or intravenous fentanyl and intravenous morphine are effective
and commonly used prehospital to manage pain from trauma (N) (Level IV); intravenous or
intranasal ketamine is also an effective analgesic in the prehospital setting (U) (Level IV).

Younger children (<3 years) with an isolated limb injury receive less analgesia in the
emergency department than older children (N) (Level IV).

In children and adolescents admitted to hospital with burns, higher morphine doses during
admission predict reduced post-traumatic stress symptoms (N) (Level IV).

Pruritus following burn injury in children is common; predictors for pruritus include greater
total body surface area of burn and greater number of days since burn injury (N) (Level IV).

Administration of analgesia by emergency medical services and emergency departments
for trauma patients (including those with burns) is strongly recommended as part of the
initial resuscitation along with first aid measures such as cooling and dressings for burns
and splint application for trauma (N).

Gabapentin and pregabalin are used to manage pruritus and neuropathic pain following
burn injury in children (N).

Paediatric migraine

1.

In children (<12 years), effective acute migraine treatments include ibuprofen and triptans
(Q) (Level I [Cochrane]), however there is a significant placebo response rate in this setting.

In adolescents (12—17 years), triptans are effective acute migraine treatments, however
there is a significant placebo response rate in this setting. One triptan cannot be
recommended over another (Q) (Level | [Cochrane]).
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Nonpharmacological preventive therapies including relaxation training and cognitive
behavioural therapy reduce the frequency and intensity of headache in adolescents for
1 year (S) (Level | [Cochrane]). Biofeedback also reduces migraine attack duration (S) (Level 1).

Guidelines for the treatment of migraine in children and adolescents recommend
environment modification, paracetamol, ibuprofen, naproxen (or other nonselective
NSAIDs), dopamine antagonists (if nausea prominent), fluid therapy and triptans (U).

Evidence is limited for standard of care second line therapies (single and multiple IV therapies
including fluids and antiemetics) and third line therapies (such as IV dihydroergotamine,
magnesium, sodium valproate, lidocaine or propofol) for acute childhood migraine (N).

M The use of psychological interventions and stress management strategies have not been

assessed in acute migraine episodes; it must be recognised that many of these skills need
to be developed over time (N).

Acute abdominal pain in children

1.

Probiotics improve pain in children with recurrent abdominal pain versus placebo (N)
(Level I [Cochrane Review]) with no good evidence for positive effect of various
pharmacological treatments (N) (Level | [Cochrane Review]).

Cognitive behavioural therapy (CBT) and hypnotherapy reduce pain short term (over
1 to 3 months) in children and adolescents with recurrent abdominal pain (N) (Level I
[Cochrane Review]).

Acute pain associated with haematological disorders in children

Sickle cell disease

1.

Hydroxyurea decreases the frequency of acute vaso-occlusive crises, life-threatening
complications and hospitalisations in children with sickle cell disease (S) (Level I [Cochrane
Review]).

Intravneous or oral magnesium does not reduce pain of vaso-occlusive crises associated
with sickle cell crises or length of hospital stay (N) (Level I [Cochrane Review]).

Attention must be paid to acute kidney injury risk in sicker inpatients with sickle cell disease
receiving multiple doses of nsNSAID (N) (Level I1I-3).

Parenteral corticosteroids reduced the duration of severe pain in children with vaso-occlusive
crises in sickle cell disease at the expense of more rebound attacks post cessation (Q) (Level Il).

It is standard of care for oral and IV paracetamol, nsNSAIDs and opioids to form part of an
individual at home or hospital care plan for children with vaso-occlusive crises. Upon
admission this is escalated to parenteral nsNSAID and opioid therapy (N).

M There is no evidence that fluid replacement therapy reduces pain in children with VOC,

although it is common practice (N).

M The impact on painful vaso-occlusive crises of oxygen supplementation in patients with

and without obstructive sleep apnoea and CPAP in patients with obstructive sleep apnoea
requires assessment (N).

Most children with sickle cell disease are not on opioids for chronic or frequent recurrent
pain (while adolescents are, at similar rates to affected adults). In patients with sickle cell
disease, postoperative opioid requirements may be higher (N).
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M Adjunctive low-dose ketamine and IV lidocaine infusions reduce pain intensity and opioid
requirements in refractory pain of acute vaso-occlusive crisis in children with sickle cell
disease (N).

Haemophilia

M In children with haemophilia, on demand and preventative use of recombinant factor
concentrates has improved pain-related quality of life measures. Otherwise the principles
of pain management in acute bleeds in affected children and adults involve rest, ice,
compression and elevation and stepwise escalation of analgesia. Parents of young
affected children need education regarding analgesic medication (N).

The overweight or obese child or adolescent

M When dosing medication in the overweight or obese child or adolescent, age of the patient,
each individual drug and the dose type (initial or maintenance) must be considered (N).

M Given the barriers to accurate dosing in overweight and obese children, judicious dosing
and titration to effect wherever possible is recommended. This requires consideration of
both pharmacokinetic and pharmacodynamic factors (N).

M Young and obese children with history of obstructive sleep apnoea syndrome/sleep-
disordered breathing are at higher risk of developing serious opioid-induced ventilatory
impairment and death (U) (Level IV).

Complementary and alternative medicines and therapies in children

1. Hypnosis for needle-related procedural pain (including for cancer-related procedures)
reduces pain intensity (S) and distress (N) versus control (Level | [Cochrane Review]).

2. Preventive use of probiotics does not reduce infantile colic incidence, but does reduce
crying duration versus placebo (N) (Level I [Cochrane Review]).

3. The probiotic Lactobacillus reuteri reduces cry/fuss time in breastfed infants with colic;
there is insufficient evidence in formula fed infants (N) (Level | [PRISMA]).

4. Oral administration of honey versus control in children reduces pain and analgesic use after
tonsillectomy (N) (Level I [PRISMA]).

5. Perioperative acupuncture (including electroacupuncture) versus control in children having
tonsillectomy reduces postoperative pain intensity (in the first 48 h) and analgesic
consumption (N) (Level I [PRISMA]).

6. Acupuncture (invasive or non-invasive) versus control for preterm and term neonates
receiving heel lance does not reduce pain intensity (N) (Level I [PRISMA]).

M Complementary and alternative medicines and therapies encompass a wide variety of
interventions with common use in the community; complementary medicines and
therapies are increasingly used as part of integrative approaches to hospital-based
healthcare in the paediatric population (N).

M The evidence on complementary and alternative medicines and therapies is characterised
by small sample sizes and study designs prone to bias and caution is urged in interpreting
results. Additionally, the safety and potential drug interactions of many complementary
and alternative medicines and therapies have not been adequately assessed (N).
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1.1 | Applied physiology of acute pain

1.1.1 | Definition of acute pain

Pain is most commonly described as “an unpleasant sensory and emotional experience
associated with actual or potential tissue damage, or described in terms of such damage”,
(Merskey 1994 GL). It should be noted that “pain is subjective and indicates that each individual
learns the application of the word through experiences related to injury in early life, and
characterizes the experience as unpleasant, and therefore emotional as well as sensory in nature”
(IASP 2019a GL). Chronic pain has gradually emerged as a distinct phenomenon in comparison
with acute pain with the IASP currently defining it as “pain that lasts or recurs for longer than
3 months” (Treede 2019 GL). Although acute pain cannot be precisely distinguished from chronic
pain using time-based definitions, for pragmatic purposes recommended definitions continue to
be time-based (Kent 2019 GL):
“Acute pain is considered to last up to seven days, with the following qualifications:

1. Its duration reflects the mechanism and severity of the underlying inciting event.

2. Prolongations from seven to 30 days are common.

3. Prolongations beyond the duration of acute pain but not extending past 90 days post
onset/-injury are common. This refers to the ill-defined but important period of
“subacute” pain that warrants further specification and consideration in future
taxonomic, research, and regulatory efforts.

4. Our understanding of pain mechanisms is currently insufficient to link these durations
to specific physiologic mechanisms.”

This section focuses on the physiology and pathophysiology of pain resulting from
nociceptive activity in the sensory nervous system, but also introduces the neurobiology of pain
as a beneficial adaptive brain state that responds to and can be altered by psychological factors.
A more complete description of the classes of psychological factors that affect the experience of
pain is outlined in Section 1.2; for paediatric information se Section 10.1.

1.1.2 | Nociceptive pathways and pain perception

The ability of the somatosensory system to detect noxious and potentially tissue-damaging
stimuli (ie nociception) is an important protective feature that involves multiple interacting
peripheral and central mechanisms (Sommer 2018 NR). In addition to the sensory effects, the
perception and experience of pain is multifactorial and will be influenced by genetic,
psychological and environmental factors in every individual (Tracey 2019 NR EH; Porreca 2017 NR;
Vardeh 2016 NR).

1.1.2.1 | Peripheral nociceptors

The detection of noxious stimuli by peripheral sensory nerve endings (nociceptors) first requires
the transduction of noxious stimuli into electrical activity and the conduction of these
nociceptive signals in peripheral sensory nerves to the central nervous system (CNS) (Sommer
2018 NR; Dubin 2010 NR; Woolf 2007 NR). Nociceptive primary afferents are widely distributed
throughout the body (skin, muscle, joints, viscera, meninges) and comprise both medium-
diameter lightly myelinated A-delta fibres and small-diameter, slow-conducting unmyelinated C
fibres. Distinct classes of nociceptors are activated by noxious stimuli, which include intense
pressure, extreme temperatures (>40 to 45°C or <15°C) and damaging chemicals. The most
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prevalent subclass of nociceptor is the C-fibre polymodal type, which responds to mechanical,
thermal and chemical stimuli, whereas other subclasses are specialised mechanical, heat or cold
nociceptors (Woolf 2007 NR).

The physiological properties of nociceptors are determined by the differential expression of
a repertoire of transduction molecules (Dubin 2010 NR). The particular expression of these
transducers determines which modalities are detected by each set of nociceptors. For example,
the transient receptor potential (TRP) channel type vanilloid 1 (TRPV1) transduces noxious
temperatures from 39-51°C and generates electrical receptor potentials in a class of polymodal
C fibres. All nociceptor axons have free terminal endings without anatomically specialised
transducers such as the Meissner’s corpuscles and Merkel cells used by skin mechanoreceptors.
However, it is now known that molecular transducers used by mechanosensitive neurons, such
as Piezol and Piezo2, are also widely expressed by non-neuronal cells in skin and other organs
that can bidirectionally interact with somatosensory terminals including nociceptors (Oetjen 2018
NR; Moehring 2018 NR). Nociceptors in visceral tissue show differences to those in somatic tissue
but are much less well studied. In the viscera, high threshold specific nociceptors are unusual
and most mechanosensitive afferents code stimulation in a linear manner, which can reach the
noxious range. There is a large proportion of silent nociceptors in viscera, which are unresponsive
under basal conditions and respond to heat and chemical stimuli in the presence of inflammation
(Grundy 2019 NR; Gebhart 2016 NR).

Nociceptors may also be classified by their relationship to trophic factors (Denk 2017 NR).
Some C-fibre nociceptors are dependent on nerve growth factor (NGF) and express tyrosine
kinase receptor (TrkA), which is a neurotrophin receptor. Most of these nociceptors also express
substance P and calcitonin gene-related peptide (CGRP) and are classed as peptidergic. Another
class of C fibres are not peptidergic but have glial cell line-derived neurotrophic factor (GDNF)
family receptors (GFRa1, GFRa.2; and their co-receptor Ret) and are thereby targets for GDNF or
neurturin, respectively. Next generation sequencing and transcriptional profiling (by bulk
sequencing or single-cell RNA-Seq) has been used for unbiased classification of primary sensory
neurons, including nociceptors (ladorola 2018 NR; Emery 2018 NR). A large proportion of
differentially expressed genes that define classes encode membrane ion channels and receptors
that function in nociceptor transduction and transmission (Waxman 2014 NR; Gold 2010 NR).
However, the function of other transcripts identified by this unbiased approach have yet to be
determined. This is advancing our understanding and resolving the conflicting alignment
between classes previously defined by molecular, neurochemical, developmental and
physiological criteria (Gatto 2019 NR; Emery 2018 NR).

Nociceptor plasticity

Sensitisation is a characteristic of nociceptors (Woolf 2007 NR). The phenotypes of the nociceptors
change in response to nerve injury and inflammation and are not static. This dynamic neural
plasticity lowers the transduction threshold of nociceptors and contributes to primary
hyperalgesia, which is defined as abnormal intensity of pain relative to the stimulus (Gold 2010
NR; Sandkuhler 2009 NR).

Sensitisation is most often produced by chemical signals of tissue damage: such as during
infection, inflammation or ischaemia; disruption of cells; degranulation of mast cells; secretions
from inflammatory cells; or following induction of enzymes such as cyclooxygenase-2 (COX-2)
(Baral 2019 NR; Sommer 2018 NR; Oetjen 2018 NR). A majority of chemical mediators act locally at
nociceptor terminals by directly targeting ion channels or indirectly by activating intracellular
signalling via calcium-permeable channels (Bourinet 2014 NR) or membrane receptors (see Table
1.1). NGF, immune mediators and other chemicals including proteinases, cytokines such as
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tumour necrosis factor (TNF) alpha, interleukins, and chemokines such as chemokine (C-C motif)
ligand 3 (CC L3) all have an impact on sensitisation of nociceptors (see Table 1.1).

TRPV1is an example of a nociceptor transducer that contributes to sensitisation in nociceptor
terminals. This is achieved when the thermal and chemical sensitivity of TRPV1 is lowered
following direct or indirect modulation by local inflammatory mediators or by noxious
environmental chemicals such as capsaicin (which causes the perception of heat and pain elicited
by chillies) (Henrich 2015 Level llI-1 EH). Neuropeptides (substance P and CGRP) released from the
activated peripheral terminals via peripheral antidromic axonal responses cause neurogenic
inflammation by promoting vasodilation and plasma extravasation. This promotes recruitment
of serum factors and inflammatory cells at the site of injury (Sousa-Valente 2018 NR). Nonsteroidal
anti-inflammatory drugs (NSAIDs) modulate peripheral pain by reducing prostaglandin E2 (PGE2)
synthesis from locally induced COX-2. Inflammation also induces changes in protein synthesis in
the cell body of neurons in the dorsal root ganglia (DRG) and trigeminal ganglia, and alters the
expression and transport of receptors, such as TRPV1 and opioid receptors, to the peripheral
nerve terminal (Woolf 2007 NR). The latter underlies the peripheral action of opioid agonists in
inflamed tissue and could allow nociceptor modulation by immune cells (Stein 2009 NR).

Table 1.1 | Examples of receptors and ligands that function in transduction or primary and
secondary hyperalgesia of nociceptive primary afferent or spinal cord neurons

Subtype Ligand/Stimulus
lonotropic receptor
TRP TRPV1 heat (243°C, unsensitised),
capsaicin, H* (protons)

TRPV2 heat (252°C)

TRPV3, TRPV4 warm (32 to 39°C)

TRPA1 environmental irritants (mustard
oil, nicotine, formaldehyde,
acrolein)

TRPMS8 cool (£26°C)

acid sensing ASIC1-4, TRAAK/TREK H* (protons)
glutamate NMDA, AMPA Kainate, glutamate
GLurR1-5, NR1-2
nicotinic nACh (multiple subtypes) acetylcholine
purine P2X1-6 ATP
serotonin 5-HT3 5-HT
Metabotropic receptor
bradykinin Bi, B2 bradykinin
cannabinoid CBs, CB2 anandamide, cannabidiol

(TRPs, non-canonical)
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Subtype Ligand/Stimulus
chemokine CXCR2,CXCRS5, CX3CR1 CXCL1, CXCI13, CCL2 (MCP1), et al.
histamine Ha histamine
Interleukin IL1R, IL-31A/OSMR, et al.  IL-1 alpha, IL-6, IL-31, et al.
LPS Toll-like receptor 4 lipopolysaccharides

Mas-related GPCRs

MRGPRD, MRGPRA3,

B-alanine, BAMS8-22, other orphan

MRGPRX1 ligands
metabotropic glutamate MGLUR1,2/3,5 glutamate
prostanoids EP14 PGE: (prostaglandins)

IP PGl (prostacyclin)
proteinase PAR1-4 protease

(TRPs non-canonical)
serotonin 5-HT1a, 5-HT24, 5-HTa 5-HT (serotonin)
tachykinin neurokinin-1 (NK1) substance P, neurokinin A

tyrosine kinase receptor

TrkA,

NGF (nerve growth factor)

p75 neurotrophin

TNR receptor TNFR1, TNFr2 TNF (tumour necrosis factor)

Pore forming toxins

haemolysin Secreted by gram-positive bacteria

(eg S. aureus)

a-haemolysin,
v- haemolysin AB

Sources: Baral 2019; Sommer 2018; Harding 2018; Oetjen 2018; Gold 2010.

Similarly, NGF increases with inflammation, binds to TrkA, which causes phosphorylation
of the TRPV1 and facilitates the sodium channels, which both increase nociceptor activity. In
addition, NGF-TrkA complex is transported to the DRG, where it impacts on phenotypic
changes resulting in changes to receptors and channels (Denk 2017 NR). NGF regulates relative
amounts of neuropeptides and the threshold of nociceptors. The number of receptors for NGF
(TrkA) is also determined by the functions of the corresponding DRG cells. Visceral primary
afferents have a higher proportion of cells containing TrkA compared to somatic primary
afferent neurons.

Sodium, potassium, calcium and chloride ion channels also function in nociceptor
transduction and transmission. Sodium channels are a prerequisite for conduction of neuronal
action potentials to the CNS (Bennett 2019 NR). A rapidly inactivating fast sodium current that is
blocked by tetrodotoxin is present in all sensory neurons. This is the principal site of action for
local anaesthetics but, as the channel is present in all nerve fibres, conduction in sympathetic
and motor neurons may also be blocked. Subtypes of slowly activating and inactivating
tetrodotoxin-resistant sodium currents are selectively present on nociceptive fibres. Following
injury, changes in sodium-channel kinetics and specific alterations in the expression of sodium
channels (upregulation or downregulation) contribute to hyperexcitability that occurs in
different pain states and may explain part of the mechanism of benefit of systemic local
anaesthetics in acute and chronic pain (see Section 4.4.1) . The importance of sodium channels
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in pain sensitivity is reflected by the impact of human mutations in the SCN9A gene encoding the
Nav1.7 channel (Dib-Hajj 2019 NR) (see Section 1.7.1). Loss of function results in insensitivity to
pain, whereas gain of function mutations can produce erythromelalgia and other severe pain.
These effects are not restricted to sodium channels; functional and expression changes in other
classes of calcium, potassium and chloride channels also contribute to nociceptive transmission
and processing by nociceptors (Bennett 2019 NR).

Medicines that are specific blockers of sodium channel subtypes or cause state-dependent
reductions in sodium channel activity are becoming available for evaluation in human clinical
trials (Dib-Hajj 2019 NR). New ion channel targets are also emerging that, as well as regulators of
afferent fibre excitability, include a separate class of ion channels that regulate the transfer of
the nociceptive signal (synaptic transmission) from primary afferent fibres to the second-order
neurons in the spinal cord (Yekkirala 2017 NR).

1.1.2.2 | Nociceptive transmission in the spinal cord

The cell bodies of nociceptive afferents that innervate the trunk, limbs and viscera are found in
the DRG, while those innervating the head, oral cavity and neck are in the trigeminal ganglia and
project to the brainstem trigeminal nucleus (Dubin 2010 NR). The central terminals of C and
A-delta fibres convey information to nociceptive-specific areas within laminae | and Il of the
superficial dorsal horn and to wide dynamic range neurons in lamina V, which encode both
innocuous and noxious information (Koch 2018 NR; Todd 2010 NR). By contrast, large myelinated
A-beta fibres transmit light touch or innocuous mechanical stimuli to the deeper laminae Ill and
IV (Moehring 2018 NR).

Primary afferent terminals activate dorsal horn neurons by releasing two major classes of
neurotransmitter; glutamate as the primary transmitter and neuropeptides such as substance
P, CGRP, galanin and somatostatin as cotransmitters (Sandkuhler 2009 NR). Depolarisation of the
primary afferent terminal results in glutamate release, which activates postsynaptic ionotropic
a-amino-3-hydroxyl-5-methyl-4-isoxazole-propionate (AMPA) receptors and rapidly signals
information relating to the location and intensity of noxious stimuli. In this “normal mode”, a
high-intensity stimulus elicits brief localised pain and the stimulus-response relationship
between afferent input and dorsal horn neuron output is predictable and reproducible (Prescott
2014 NR; Sandkuhler 2009 NR).

Summation of repeated C-fibre inputs results in a progressively more depolarised
postsynaptic membrane and removal of the magnesium block from the N-methyl-D-aspartate
(NMDA) receptor. This is mediated by glutamate acting on ionotropic (non-NMDA) and
metabotropic (mGIuR) glutamate receptors, and by substance P acting on neurokinin-1 (NK1)
receptors. A progressive increase in action potential output from the dorsal horn cell is seen
with each stimulus and this rapid increase in responsiveness during the course of a train of
inputs has been termed “wind-up”. Long-term potentiation (LTP) is induced by higher
frequency stimuli but the enhanced response outlasts the conditioning stimulus. This
mechanism has been implicated in learning and memory in the hippocampus and pain
sensitisation in the spinal cord (Sandkuhler 2009 NR). Behavioural correlates of these
electrophysiological phenomena have been seen in human volunteers as repeated stimuli
elicit progressive increases in reported pain (Treede 2016 NR).

Intense and ongoing stimuli further increase the excitability of dorsal horn neurons, leading
to central sensitisation (Woolf 2014 NR; Baron 2013 NR; Woolf 2011 NR). Increases in intracellular
calcium due to influx through the NMDA receptor and release from intracellular stores activate
a number of intracellular kinase cascades. Subsequent alterations in ion channel and/or receptor
activity and trafficking of additional receptors to the membrane increase the efficacy of synaptic
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transmission. As a result of the increased excitability of central nociceptive neurons, their
threshold for activation is reduced. In this situation, pain can occur in response to low-intensity
previously nonpainful stimuli (ie allodynia) and sensitivity spreads beyond the area of tissue
injury (ie secondary hyperalgesia) (Sandkuhler 2009 NR). Wind-up, LTP and secondary hyperalgesia
may all contribute to central sensitisation and may share some of the same cellular mechanisms
but are independent phenomena.

The intracellular changes associated with sensitisation may also activate a number of
transcription factors both in DRG and dorsal horn neurons, with resultant changes in gene and
protein expression (Ji 2018 NR; Simonetti 2013 NR). Unique patterns of either upregulation or
downregulation of neuropeptides, G-protein coupled receptors, growth factors and their
receptors, and many other signalling molecules occur in the spinal cord and DRG in inflammatory,
neuropathic and cancer pain. Further elucidation of changes specific to different pain states may
allow more accurate targeting of therapy in the future.

In addition to activity in neurons, central neuroinflammation involving surrounding glial and
immune cells (including microglia) can also modulate synaptic transmission (Baral 2019 NR; Ji 2018
NR). Strong evidence has accumulated to suggest glial and neuroimmune mechanisms contribute
to sex differences in pain (Mapplebeck 2017 NR).

1.1.2.3 | Central projections of nociceptive pathways

Different qualities of the overall pain experience are subserved by five major ascending spinal
cord projection pathways; the spinothalamic, spinoreticular, spinomesencephalic,
cervicothalamic and spinohypothalamic pathways. The spinothalamic pathway ascends from
primary afferent terminals in laminae | and Il, via connections in lamina V of the dorsal horn, to
the thalamus and then to the somatosensory cortex (Craig 2003 NR). This pathway provides
information on the sensory-discriminative aspects of pain (ie the site and type of painful
stimulus). The spinoreticular and spinomesencephalic (spinoparabrachial) tracts project to the
medulla and midbrain and are important for integrating nociceptive information with arousal,
homeostatic and autonomic responses as well as projecting to central areas mediating the
emotional or affective component of pain (Kobayashi 2012 NR; Craig 2009 NR; Price 2000 NR). Many
of the second-order projection neurons in these pathways are superficial dorsal horn lamina |
neurons that express the NK1 receptor and are stimulated by peptidergic C-fibre afferents (Todd
2010 NR). Other connections include those to cortical areas involved in the affective and
motivational components of pain (eg anterior cingulate cortex, insular and prefrontal cortex),
projections back to the periaqueductal grey (PAG) region of the midbrain and
rostroventromedial medulla (RVM), which are crucial for fight or flight responses and stress-
induced analgesia, and projections to the reticular formation that are important for the
regulation of descending pathways to the spinal cord. Descending projections from the
medullary dorsal reticular nucleus (DRt) are important in facilitating the diffuse noxious
inhibitory control (DNIC) (see Figure 1.1) (Treede 2016 NR; Ossipov 2010 NR; Tracey 2007 NR).
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Figure 1.1 | The main ascending and descending spinal nociceptive pathways
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In the ascending afferent pathways, the sensory components of pain are via the spinothalamic pathway to the
ventrobasal medial and lateral areas (D), which then project to the somatosensory cortex allowing for the location and
intensity of pain to be perceived (2). The spinal cord also has spinoreticular projections and the dorsal column pathway
to the cuneate nucleus and nucleus gracilis 3. Other limbic projections relay in the parabrachial nucleus @) before
contacting the hypothalamus and amygdala, where central autonomic function, fear and anxiety are altered (5).
Descending efferent pathways from the amygdala and hypothalamus (&) drive the periaqueductal grey, the locus
coeruleus, A5 and A7 nuclei and the rostroventral medial medulla. These brainstem areas then project to the spinal
cord through descending noradrenaline (inhibition via a2 adrenoceptors) and, in neuropathy, there is a loss of this
control and increased serotonin descending excitation via 5-HT3 receptors (7). The changes induced by peripheral
neuropathy on peripheral and central functions are shown.

Reproduced with permission from Colloca 2017.

1.1.2.4 | Descending modulatory pathways

The brain has a remarkable capacity to modulate pain according to the competing demands of
physiological, psychological and social factors. The neural contributors to this modulation are
complex and only partly elucidated. Best understood is a descending pain-modulatory circuit that
projects to the spinal cord and changes the experience of pain by directly or indirectly
modulating (inhibiting or facilitating) nociceptive traffic (Ossipov 2010 NR). Descending pathways
contribute to the modulation of nociceptive transmission in the spinal cord via presynaptic
actions on primary afferent fibres, postsynaptic actions on projection neurons or via effects on
interneurons within the dorsal horn. Sources include direct corticofugal and indirect (via
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modulatory structures such as the PAG) pathways from the cortex and from the hypothalamus,
which is important for coordinating autonomic and sensory information. The RVM receives
afferent input from brainstem regions (PAG, parabrachial nucleus and nucleus tractus solitarius)
as well as direct ascending afferent input from the superficial dorsal horn and is an important
site for integration of descending input to the spinal cord (Ossipov 2010 NR). The relative balance
between descending inhibition and facilitation varies with the type and intensity of the stimulus
and also with time following injury (Chen 2019 NR). Serotonergic and noradrenergic pathways in
the dorsolateral funiculus (DLF) contribute to descending inhibitory effects and serotonergic
pathways have been implicated in facilitatory effects (Bannister 2017 NR).

Inhibitory modulation occurs within the dorsal horn and can be mediated by non-nociceptive
peripheral inputs, local inhibitory gamma-amino butyric acid (GABA) and glycine interneurons,
descending bulbospinal projections and higher-order brain function (eg distraction, cognitive
input). These inhibitory mechanisms are activated endogenously through neurotransmitters
such as endorphins, enkephalins, noradrenaline (norepinephrine) to reduce the excitatory
responses to persistent C-fibre activity. Serotonin (5-HT) has been implicated as both
pronociceptive and inhibitory (Bannister 2017 NR).

Similar mechanisms are the basis of many exogenous analgesic agents (Bannister 2017 NR;
Ossipov 2010 NR; Sandkuhler 2009 NR). Thus, analgesia may be achieved by either enhancing
inhibition (eg opioids, clonidine, antidepressants) or by reducing excitatory transmission
(eg local anaesthetics, ketamine) (Yekkirala 2017 NR).

A feature of sensory processing is that not all of the signals received from receptors are
perceived. The limited processing capacity of the brain is optimised by prioritising behaviourally
relevant signals, while suppressing less important signals. Advances in human functional brain
imaging have provided new evidence of how pain perception is shaped by other sensory
modalities and attentional or emotional processing by the cerebral cortex and basal forebrain
(Wager 2015 NR; Carlino 2014 NR). The engagement of attention, expectation and reappraisal
mechanisms provides for complex cognitive modulation of pain (Bushnell 2013 NR; Wiech 2013 NR).
This is the basis of placebo-induced analgesia (see Section 1.3) and for using psychological
interventions to target endogenous pain modulation (Flor 2014 NR; Carlino 2014 NR).

1.1.3 | Physiological and pathological pain

As discussed in the introduction, pragmatic working clinical definitions of acute and chronic pain
continue to be time-based and do not explicitly identify underlying pathophysiology. However,
the development of mechanism-based functional classification schemes and identification of
clinically useful pain biomarkers continue to be intensively researched (Tracey 2019 NR; Vardeh
2016 NR).

The basic framework most commonly used addresses heterogeneity of pain by identifying
“nociceptive” and “inflammatory” classes of physiological or adaptive pain, together with
“neuropathic” and “CNS dysfunctional (nociplastic)” classes of pathological or maladaptive pain
(Tracey 2019 NR; Kosek 2016 NR; Vardeh 2016 NR; Woolf 2010 NR). Nociceptive and inflammatory
pain are considered to be physiological functions of the nociceptive division of the
somatosensory nervous system, which monitors the physical state of the body (Sommer 2018 NR).
It has been understood from the earliest investigations by Sherrington and later landmark
studies by Wall and Melzack that this system does not simply locate and measure the intensity
of painful sensory stimulation; it also encodes innate aversive reinforcing signals that drive
motivational, emotional and cognitive processing in the brain (as described below) (Seymour 2019
NR). In humans and other animals, these systems support escape and defensive behaviours that
minimise potential lethal tissue damage, as well as coping behaviours that manage recovery from
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such damage and avoidance behaviours that use learning signals to minimise the risk of such
damage in the future (Seymour 2019 NR). This broad functionality can be shown to engage most
of the major functional brain subdivisions (Tracey 2019 NR). Their basic physiological importance
is shown by the unavoidable tissue damage suffered in humans with rare genetic mutations that
render them insensitive to pain (Dib-Hajj 2019 NR).

Neuropathic pain is defined as “pain caused by a lesion or disease in the somatosensory
nervous system” (Scholz 2019 GL; Jensen 2011 GL). The estimated prevalence of neuropathic pain
is much higher than commonly thought and in the range of 7-10% of the population (van Hecke
2014 NR). Although commonly regarded as a cause of chronic symptoms, neuropathic pain can
also present acutely following trauma and surgery. The incidence has been conservatively
estimated as 3% of acute pain service (APS) patients (Hayes 2002 Level 1V). Similarly, acute
medical conditions may present with neuropathic pain (Gray 2008 NR) (as discussed further in
Section 8.1.4). Nerve injury and associated alterations in afferent input or hyperexcitability
associated with central pain (eg caused by stroke, spinal cord injury [SCI], multiple sclerosis)
can induce structural and functional changes at multiple points in nociceptive pathways with
complex long-term psychobiological consequences (Alles 2018 NR; Colloca 2017 NR; Treede 2016
NR; von Hehn 2012 NR).

CNS dysfunctional pain syndromes such as migraine, fibromyalgia and chronic pelvic pain
show chronicity that often cannot be reliably linked to clinical pathophysiology in the
somatosensory system (Woolf 2010 NR). Historically, many terms have been used to refer to
clinical CNS dysfunctional pain, including “functional pain syndromes”, “maldynia”, or
“neuroplastic” (Mayer 2009 NR). The IASP, however, has recently endorsed “nociplastic pain”,
defined as “Pain that arises from altered nociception despite no clear evidence of actual or
threatened tissue damage causing the activation of peripheral nociceptors or evidence for
disease or lesion of the somatosensory system causing the pain” (IASP 2019a GL; Kosek 2016 NR).
This new term is matched in ICD-11 by the classification ‘chronic primary pain’ (Nicholas 2019 GL).

When viewed from this perspective, acute pain will most commonly be linked to
nociceptive and inflammatory pain but also to less common neuropathic pain. It is clear,
however, that the clinical definition will also capture early stages of chronicity that could
leadto neuropathic and nociplastic pain in some patients. It is important to recognise that it is
currently not possible to identify in advance specific patients who will undergo this transition
(Kent 2019 NR). The probability of chronic pain developing is subject to the influences of genetic
and physiological factors and how these interact with the accumulated psychological and
social experiences of pain (Borsook 2018 NR; Flor 2014 NR; Denk 2014 NR). How these combine
will determine how individuals experience pain and is also highly likely to determine their
underlying resilience in coping with this experience (Bushnell 2013 NR; Elman 2013 NR) (see
Sections 1.2, 1.4 and 1.5).
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1.2 | Psychological aspects of acute pain

A new definition of pain has been proposed by the IASP: “An aversive sensory and emotional
experience typically caused by, or resembling that caused by, actual or potential tissue injury.”
(1ASP 2019b). The revised definition is broadened to include non-verbal presentations (eg in
people with communication deficits and animals). A key part of the definition is the recognition
that pain is an experience that has emotional and sensory components (ie it is not just a
sensation).
This section emphasises several important points:
e Pain is always a personal experience that is influenced to varying degrees by biological,
psychological and social factors;
e Pain and nociception are different phenomena — the experience of pain cannot be
deduced from activity in sensory pathways;
e Through their life experiences, individuals learn the concept of pain;
e Aperson’s report of an experience as pain should be respected;
e Although pain usually serves an adaptive role, it may have adverse effects on function and
social and psychological well-being.

There is a consensus view that pain is an individual, multifactorial experience influenced,
among other things, by culture, previous pain experience, beliefs, expectations, mood and ability
to cope. Pain may be an indicator of tissue injury but may also be experienced in the absence of,
or out of proportion to an identifiable tissue injury, especially when it becomes chronic.
The degree of pain and disability experienced in relation to similar tissue injury varies between
people; likewise, there is individual variation in response to methods to alleviate pain (Flor
2012 NR).

Factors that might contribute to the individual’s pain experience include somatic (physical)
and psychological factors as well as contextual factors, such as situational and cultural
characteristics. Pain expression, which may include facial expressions, body posture, language,
vocalisations and avoidance behaviour, partially represents the complexity of the psychological
experience but is not equivalent to it (Kunz 2004 Level 111-2 EH, n=40; Vervoort 2009 Level IV EH, n=62).
Engel’s enunciation (Engel 1997 NR) of a biopsychosocial model of illness has provided a
framework for considering pain phenomena.

Biopsychosocial models of pain (Turk 1995 NR) are based on the proposition that
psychobehavioral processes are mediated via neurobiological processes and that they interact.
Biological factors are reflected in physiological and neurophysiological changes in the body and
psychological factors are reflected in the appraisal and perception of internal physiological
phenomena. These appraisals and behavioural responses are, in turn, influenced by social or
environmental factors, such as reinforcement contingencies (Flor 2002 Level llI-2, n=60). At the same
time, the model also proposes that psychological and social factors can affect biological processes
(eg hormonal/stress responses, endogenous pain regulation) and brain structures associated with
the exacerbation and maintenance of pain symptoms (Turk 2018 NR).

1.2.1 | Psychological factors

Psychological factors that influence the experience of pain include the processes of attention,
other cognitive processes (eg learning, thinking styles, beliefs, mood), behavioural responses and
interactions with the person’s environment.
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Importantly, psychological factors that contribute to the experience and impact of pain
(acute or chronic) can be amenable to change and thus influence outcomes for the individual
(Nicholas 2011 NR).

1.2.1.1 | Attention

In relation to pain, attention is viewed as an active process and the primary mechanism by which
nociception accesses awareness and disrupts current activity (Legrain 2012 NR; Eccleston 1999 NR).
The degree to which pain may interrupt attention depends on factors such as the intensity of
pain, its novelty, unpredictability, degree of awareness of bodily information, threat value,
catastrophic thinking, presence of emotional arousal, environmental demands (such as task
difficulty) and emotional significance.

Concepts like somatosensory amplification and hypervigilance have been used to describe
the selective attention of patients towards pain to the detriment of more functional activities.
These processes have been characterised as attentional bias (ie the preferential allocation of
attention to information that is related to pain) and this has been extensively studied in relation
to acute, chronic and experimentally induced pain. The most recent meta-analysis of this
literature indicated that attentional bias appears to relate more towards the sensory aspects of
the pain experience, rather than the emotional content (Todd 2018 Level IV SR, 52 studies, n=4,466).
It is important to note that these studies may not be completely representative of clinical acute
pain (eg postsurgical pain). The role of attentional mechanisms in pain experience and impact is
not uniform and terms like “hypervigilance” should not be used loosely as other processes,
particularly emotional ones (eg sense of threat), are likely to be involved as well as attention.

1.2.1.2 | Learning processes

The role of learning processes has primarily been studied in laboratory settings with
experimentally induced pain. A number of studies using healthy subjects have demonstrated that
reports of pain (eg pain severity ratings) can be conditioned by their consequences and this effect
can be reflected in measures of associated skin conductance responses, facial activity and
cortical responses (Jolliffe 2004, Level l11-2 EH, n=46; Flor 2002 Level lll-2, n=60). Taken together, these
studies provide support for the thesis that the experience of pain is not solely due to noxious
input but that environmental reinforcement contingencies can also influence this experience
(see also Section 1.3).

Learning processes have also been implicated in the development and maintenance of
chronic pain (Flor 2012 NR).

1.2.1.3 | Beliefs and thought processes

Empirical evidence supports a role for “fear of pain” contributing to the development of
avoidance responses following pain and injury, which ultimately lead to disability in many people
with persisting pain (Leeuw 2007 NR). From this perspective, appraisals of internal and external
stimuli as threats (eg catastrophising), negative affectivity and anxiety sensitivity can contribute
to the development of pain-related fear and, in turn, lead to escape and avoidance behaviours,
as well as hypervigilance to internal and external illness information, muscular reactivity, and
physical disuse and behavioural changes.

Studies with a range of patient samples have confirmed that thinking styles that are overly
pessimistic, ruminative and helpless (eg catastrophic thinking) are frequently associated with
more severe acute pain and associated distress, as well as persisting pain.
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In patients who underwent anterior cruciate ligament repair, those with high Pain
Catastrophising Scale (PCS) scores assessed prior to surgery reported more pain immediately
after surgery and when walking at 24 h compared with those with low scores; however there
was no difference in analgesic consumption (Pavlin 2005 Level IV, n=48). After breast surgery,
catastrophising was associated with increased pain intensity and analgesic use (Jacobsen 1996
Level IV, n=59) and after abdominal surgery (Granot 2005 Level IV, n=38) and Caesarean section with
higher pain scores (Strulov 2007 Level IV, n=47). Preoperative PCS scores also predicted pain after
total knee arthroplasty (TKA) in the postoperative period (Roth 2007 Level IV). After a wide range
of surgical procedures , the most important predictors of pain severity up to 5 d following surgery
were surgical fear and pain catastrophising (beside preoperative pain and expected pain)
(Sommer 2010 Level IV, n=1,490). In a clinical sample of aged patients, attentional avoidance of
emotionally aversive stimuli prior to surgery predicted acute postoperative pain, measured by
the consumption of opioids via patient-controlled analgesia (PCA) (Lautenbacher 2011 Level IV,
n=58). This measure was a better predictor of postoperative pain than depression, anxiety and
pain catastrophising. Subsequently, a systematic review of studies of psychological factors
associated with acute postsurgical pain confirmed the most significant correlates are: pain
catastrophising, expectation of pain, anxiety (state and trait), depression, optimism, negative
affect and neuroticism/psychological vulnerability (Sobol-Kwapinska 2016 Level IV SR [PRISMA], 53
studies, n=10,749). This meta-analysis suggests that pain catastrophising is the most strongly
associated with acute postsurgical pain (r=0.41; 95%Cl 0.28 to 0.52) (see also Section 1.4).

A significant association between anxiety or pain catastrophising and the subsequent
development of chronic postsurgical pain (CPSP) was reported in a systematic review in 16 of 29
studies (Theunissen 2012 Level IlI-2 SR, 29 studies, n=6,628). Following TKA, a systematic review
found catastrophising is the strongest predictor of chronic pain (Lewis 2015 Level IV SR, 32 studies,
n=29,993). Another systematic review found patients with acute and subacute back pain with
high levels of catastrophising complained of more pain and disability at 6 mth and more disability
at 1y than those with low levels (Wertli 2014a Level llI-2 SR, 16 studies, n unspecified).

High fear avoidance beliefs in patients with back pain of <6 mth duration are associated with
poor outcomes, which may be improved by treatment approaches aimed at fear avoidance
(Wertli 2014b Level I [PRISMA], 17 RCTs, n=1,153). Early postoperative fear of movement also
predicted pain, disability and physical health 6 mth after spinal surgery for degenerative
conditions (Archer 2014 Level ll-2, n=141).

1.2.1.4 | Depression and anxiety

Anxiety and depression have repeatedly been found to contribute to the experience and impact
of both acute and chronic pain.

Significant preoperative predictors of poor postoperative pain control included younger age
(OR 1.18; 95%CI 1.05 to 1.3) (14 studies), female sex (OR 1.29; 95%Cl 1.17 to 1.43) (20 studies),
smoking (OR 1.33; 95%Cl 1.09 to 1.61) (9 studies), history of depressive symptoms (OR 1.71;
95%Cl 1.32 to 2.22) (8 studies), history of anxiety symptoms (OR 1.22; 95%Cl 1.09 to 1.36) (10
studies), sleep difficulties (OR 2.32; 95%CIl 1.46 to 3.69) (2 studies), higher body mass index (OR
1.02; 95%CI 1.01 to 1.03) (2 studies), presence of preoperative pain (OR 1.21; 95%CI 1.10 to 1.32)
(13 studies) and use of preoperative analgesia (OR 1.54; 95%Cl 1.18 to 2.03) (6 studies) (Yang 2019
Level IV SR [PRISMA)], 33 studies, n=53,362). Interestingly, pain catastrophising, American Society of
Anesthesiologists (ASA) status, chronic pain, marital status, socioeconomic status, education,
surgical history, preoperative pressure pain tolerance and orthopaedic surgery (vs abdominal
surgery) were not associated with increased odds of poor pain control.
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Anxiety is one of the most significant predictive factors (in addition to pre-existing pain, age
and type of surgery) for the severity of postoperative pain (Ip 2009 Level IV SR, 48 studies, n=23,037).
Psychological distress (besides type of surgery and age) is the most significant predictor of
postoperative analgesic consumption, not sex as is commonly believed.

Among other factors, preoperative anxiety predicted pain intensity 48 h after hysterectomy
for benign conditions (Pinto 2012 Level IV, n=203). Subsequent multivariable analysis revealed that
pain catastrophising acted as a full mediator between presurgical anxiety and postsurgical pain
intensity. In the late phase after leg injury, anxiety has the only significant relationship to pain
(Castillo 2013 Level IV, n=545). Anxiety predicted pain over all time periods: 3 to 6 mth
(standardised regression weights [SRW] 0.11), 6 to 12 mth (SRW 0.14) and 12 to 24 mth
(SRW 0.18).

In opioid-tolerant patients, the anxiety and autonomic arousal associated with withdrawal
(Tetrault 2008 NR) may also have an impact on acute pain experience and report (see Section 9.7
for further details).

There is a consistent association between chronic postsurgical pain and depression as well as
psychological vulnerability and stress (Hinrichs-Rocker 2009 Level IV, 50 studies, n=25,000). Similarly,
there is a strong relationship between persistent knee pain and depression (with higher levels of
knee pain being positively related to higher levels of depression) but not with anxiety and poor
mental health in general (Phyomaung 2014 Level IV SR, 16 studies, n=15,113).

1.2.1.5 | Implications

The presence of modifiable psychological factors, especially anxiety, catastrophising and
depression, should be considered in acute pain settings and, if identified, should be targeted by
treatment. The results of research evaluating psychological interventions for these factors
are considered elsewhere (see Section 7.1). These psychological contributors to higher pain
levels and interference in daily activities are not universal and there is considerable variability
between individuals.

1.2.2 | Patient-controlled analgesia

In general, anxiety seems to be the most important psychological variable that affects PCA bolus
use. Preoperative anxiety correlates with increased postoperative pain intensity, the number of
PCA demands made by the patient (often “unsuccessful” presses during the lockout interval),
degree of dissatisfaction with PCA and lower self-reports of quality of analgesia (Thomas 1995
Level lll-1, n=110; De Cosmo 2008 Level IV, n=80; Hsu 2005 Level IV, n=40; Ozalp 2003 Level IV, n=99;
Brandner 2002 Level IV, n=71; Perry 1994 Level IV, n=99; Jamison 1993 Level IV, n=68). Another study
designed to look at predictors of PCA demands made during the lockout interval also found that
anxiety and negative affect positively predicted unsuccessful PCA demands and postoperative
pain, as did preoperative intrusive thoughts and avoidant behaviours about the impending
surgery (Katz 2008a Level IV, n=117).

Evidence regarding PCA opioid consumption and psychological variables is however
contradictory, with some studies showing no change (Jamison 1993 Level IV, n=68; Gil 1992 Level IV,
n=50; Gil 1990 Level IV, n=80) and others showing an increase in analgesia demands (Katz 2008a
Level IV, n=117; De Cosmo 2008 Level IV, n=80; Ozalp 2003 Level IV, n=99).

In a study looking at the effect of a number of psychological factors on both pain and IV
morphine use (by PCA) in the immediate postoperative period, and on pain 4 wk after surgery,
preoperative self-distraction and coping positively predicted postoperative pain levels and
morphine consumption; emotional support and religious-based coping positively predicted PCA-
morphine consumption; and preoperative distress, behavioural disengagement, emotional
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support, and religious-based coping also positively predicted pain levels 4 wk after surgery (Cohen
2005 Level IV, n=122).

There was no relationship between locus of control and postoperative pain intensity,

satisfaction with PCA or PCA dose-demand ratio (Brandner 2002 Level IV, n=71). Preoperative
depression was associated with increased pain intensity, opioid requirements, PCA demands and
degree of dissatisfaction (Hsu 2005 Level IV, n=40; Ozalp 2003 Level IV, n=99) (for further details on
PCA see also Section 6.0).

KEY MESSAGES

1.

High pain-related fear avoidance beliefs in patients with back pain of less than 6 months
duration are associated with poor outcomes, which may be improved by treatment
approaches aimed at fear avoidance (U) (Level | [PRISMA]).

. There is a significant association between high levels of catastrophising in acute and

subacute back pain and pain and disability at later points of time (U) (Level 111-2 SR).

Psychological factors associated with poor postoperative pain control are in particular
anxiety (state and trait) and catastrophising, but also expectation of pain, depression,
negative affect and neuroticism/psychological vulnerability (S) (Level IV SR [PRISMA]).

There is significant association between anxiety, pain catastrophising (U) (Level IlI-2 SR),
depression, psychological vulnerability and stress (U) (Level IV SR) and the subsequent
development of chronic postsurgical pain.

Preoperative anxiety and depression are associated with an increased number of PCA
demands and dissatisfaction with PCA (U) (Level IV).

The following tick box represents conclusions based on clinical experience and expert
opinion:

M Pain is an individual, multifactorial experience influenced by culture, previous pain

events, beliefs, mood and ability to cope (U).
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1.3 | Placebo and nocebo effects in acute pain

The study of placebo is directly relevant to the field of pain management, as it provides further
understanding of the mind—brain interaction in the modulation of pain and is a core element of
routine clinical management (Finniss 2010 NR).
The term “placebo”, originally defined as an inert substance having therapeutic response, has
been used in the medical literature for over 200 y. Only in the last 50 y, however, has interest
grown in responses to placebo administration. The first major systematic review of the topic
showed a placebo effect for many interventions but particularly for those interventions aimed
at analgesia (Beecher 1955 Level I, 15 RCTs, n=1,082). The early studies included in this systematic
review of response to placebo were mainly studies of placebo vs active medicine or intervention
alone without a control no-treatment group (nonplacebo group).
Placebo effects are psychobiological effects that are attributable to the psychosocial context
(or treatment ritual) surrounding the patient. Importantly, these genuine effects must be
distinguished from other causes of improvement following administration of a placebo (placebo
responses), such as spontaneous remission, regression to the mean and the natural history of
acute pain (Price 2008 NR). Defining placebo and placebo effects has been difficult, primarily due
to the traditional definition, which uses the word “inert”, therefore theoretically rendering it as
being unable to have any power to elicit an effect (Moerman 2002 NR). Recent
reconceptualisations of placebo effects have emphasised several key points which are highly
relevant to modern pain management practice (Finniss 2010 NR; Miller 2008 NR).
* Placebo responses refer to all health changes following administration of an inert agent
(including natural history and regression to the mean) (Evers 2018 NR).

e Placebo effects are changes attributable to specific psychobiological mechanisms,
whether a traditional placebo is given or as part of a routine clinical interaction (Evers 2018
NR).

e The key aspect of placebo administration is the act of simulating a treatment context or

ritual, regardless of the content of the placebo.

¢ Routine clinical care occurs in a rich therapeutic context and, on this basis, placebo effects

exist in everyday practice even though no traditional placebo is given. The overall
outcome of a treatment is related to both the treatment itself and the context in which it
is given (the component attributable to placebo effects).

The term “nocebo” has been used to express the opposite (negative) response following
placebo administration, particularly in relation to development of adverse effects from
interventions or, in the case of painful stimuli, with an increased pain response expressed.
Nocebo studies in pain show moderate to large nocebo effects of high variability (Petersen 2014
Level I [PRISMA], 10 RCTs, n=619). The results are similar to those seen for placebo effects;
combinations of verbal suggestions and conditioning (see below) are more effective than verbal
suggestions alone. The authors suggest that these results demonstrate “the importance of
minimising nocebo effects in clinical practice”.

1.3.1 | Mechanisms

The study of placebo mechanisms has traditionally been divided into psychological and
neurobiological categories, although it is the interplay between the two that is the key to the
topic area.
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1.3.1.1 | Psychological mechanisms

There are many psychological mechanisms of placebo effects proposed, including expectation,
conditioning, learning, reward and anxiety reduction (Price 2008 NR).

Expectancy

Expectancy has been one of the most studied psychological mechanisms and relates to patient
expectations of a future response. Expectancy can result in increased pain response to
nociceptive stimuli as well as a placebo response to an analgesic intervention (Atlas 2012 NR). It
has been associated with placebo effects in studies, where verbal cue ranges from a simple
instruction “this is a powerful painkiller” (Price 1999 Level I, n=40, IS 4) to the use of conditioning
protocols to maximise expectancy (Voudouris 1989 Level Il, n=20, JS 4; Voudouris 1990 Level IlI-1).
Furthermore, a “graded” effect can be seen in studies with variable levels of expectancy (such as
the classic “double-blind” instruction, which carries a 50% uncertainty) to more certain
information about treatment expectations “the drug I will give you is a powerful painkiller” (Vase
2003 Level Il, n=13, JS 4; Verne 2003 Level Il, n=10, IS 4; Pollo 2001 Level Il, n=38, IS 3). More recently, in
the setting of chronic low back pain, expectancies were associated with duration and stability of
placebo effects following diagnostic injections (Finniss 2019 Level Il, n=107, IS 5). This underscores
the dynamic nature of the construct and emphasises the role of repeated expectancy assessment
and modulation over the duration of a healthcare encounter.

Treatment expectations are also involved in studies of the open-hidden paradigm (Finniss
2010 NR). Giving a treatment “hidden”, without the patient’s knowledge (eg by a computerised
pump behind a curtain) and comparing the effects when the same treatment is given “open” (in
the usual therapeutic context with a health professional present) has shown that open
administration of a range of analgesics is, by far, more effective than hidden administration. This
approach permits measurement of the placebo effect as “the difference in effect between the
open and hidden administration”. An example of such a trial compared the efficacy of a
remifentanil infusion (0.8 ng/mL effect site concentration) on experimental pain in volunteers
under three conditions (Bingel 2011 Level Ill-3 EH):

e without expectation of analgesia (hidden administration);

e with expectancy of a positive analgesic effect (open administration by a clinician); and

e with negative expectancy of analgesia (claimed discontinuation of analgesic infusion

while infusion continued).

The pain relief achieved by hidden administration of remifentanil was more than doubled by
the open administration and completely negated by the claimed discontinuation of the infusion.
Functional MRI (fMRI) showed that, during positive expectancy, activity in the endogenous pain
modulatory system was increased, while negative expectancy increased activity in the
hippocampus.

These findings and the results of other groups suggest that RCTs comparing an analgesic with
a placebo may underestimate the efficacy of the analgesic (Lund 2014 Level Il EH, n=48 [cross over],
JS 5). The hypothesis that placebo effect and drug effect are additive, upon which calculation of
efficacy is based, is most likely flawed. This is particularly true when the placebo effect is large.
Expectations influence placebo and nocebo response to acute pain independently from
personality factors (Corsi 2017 Level lll-1 EH)

In conclusion, expectancy is a powerful determinant of placebo response, with only minor
changes in the way information is delivered to the patient having the ability to significantly alter
expectancy and the magnitude of the placebo effects.
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Classical conditioning

Classical conditioning is a learning phenomenon whereby repeated associations between a
neutral stimulus and an active treatment (unconditioned stimulus) can result in the ability of
the neutral stimulus itself being able to elicit an effect similar to that of the unconditioned
stimulus (Finniss 2010 NR). Typically, an opioid analgesic is given on repeated occasions and
then replaced with a placebo-treatment simulation. These phenomena have been
demonstrated in animals (Pacheco-Lopez 2006 BS) and in humans (Voudouris 1989 Level Il EH, n=20,
JS 4; Voudouris 1990 Level IlI-1 EH). In a similar way, treatment history can influence the efficacy
of a subsequent treatment (Kessner 2014 Level 1lI-2 EH). In an experimental setting, induced
negative experience with a first treatment resulted in reduced response to a second analgesic
treatment; the size of the effect was modulated by psychological trait variables such as
anxiety, depression and locus of control. There is evidence that social or observational learning
may also be a determinant of placebo effects (Colloca 2006 Level lll-1 EH). For example, placebo
effects were larger in subjects who had higher empathy after witnessing another volunteer in
pain (Colloca 2009 Level Il EH, n=48, JS 2).

1.3.1.2 | Neurobiological mechanisms

Studies into placebo analgesia have provided a substantial component of the knowledge about
placebo mechanisms, although it is now known that there are multiple placebo effects that
operate across many different medical conditions (Benedetti 2008 NR).

At a biochemical level, pioneering studies have shown that placebo effects in acute pain are
either completely or in part mediated by endogenous opioids, by virtue of their reversibility with
naloxone (Benedetti 1995 Level Il EH, n=47, JS 3; Levine 1978 Level Il EH, n=93, JS 3). The role of
cholecystokinin (CCK) was demonstrated through the potentiation of placebo effects using a CCK
antagonist (proglumide) (Benedetti 1995 Level Il EH, n=93, JS 3). Interestingly, CCK has also been
shown to be responsible for nocebo effects and this suggests that anxiety and panic mechanisms
(also associated with CCK release) may be activated (Benedetti 2007 NR).

Using both conditioning and expectancy manipulations with the administration of an opioid
analgesic, the resulting placebo effect was mediated by endogenous opioids (Amanzio 1999 Level
Il EH, n=229, IS 3). In contrast, in patients who received a nonopioid analgesic during conditioning,
the placebo effect was not reversed by naloxone. These findings are a powerful demonstration
that there is not one placebo effect but many. One mechanism for this nonopioid-mediated
placebo analgesia was found to be the endogenous cannabinoid system (cannabinoid type 1
[CB1] receptor) (Benedetti 2011 Level llI-1 EH).

The neuroanatomy of placebo analgesic effects has been partially unravelled. A positive
emission tomography (PET) study demonstrated similar brain changes to placebo as seen with
opioid administration (Petrovic 2002 Level lll-2 EH). Further PET and fMRI studies have supported the
involvement of key regions of the brain associated with opioid analgesia (Zubieta 2005 Level 11I-3 EH),
including subcortical (Bingel 2006 Level ll-2 EH) and spinal cord mechanisms (Eippert 2009 Level llI-1
EH). Taken together, these studies show growing neurobiological evidence of placebo-induced
brain and spinal cord modulation of pain, although much more research is needed in this area.

A meta-analysis of 25 neuroimaging studies identified that placebo analgesia and expectancy-
based pain modulation resulted in reductions of activity in brain regions involved in pain
processing (eg the dorsal anterior cingulate, thalamus and insula) (Atlas 2014 Level IV EH SR). Other
regions with reduced activity were the amygdala and the striatum; as these are related to affect
and valuation, placebo effects involve these components too. In addition, regions such as the
prefrontal cortex, the midbrain surrounding the PAG and rostral anterior cingulate showed
increased activity with expectations for pain reduction.
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There is a link between polymorphisms in the dopamine, opioid and endocannabinoid genes
and response to placebo, demonstrating potential genetic determinants of placebo effects
(Colloca 2019 Level 111-2 EH, n=160).

1.3.2 | Clinical findings

Many meta-analyses include studies that also have a control nonplacebo/nocebo group. One of
these reveals a relatively small placebo effect size for all clinical conditions (60 assessed)
(Hrobjartsson 2010 Level I [Cochrane], 234 RCTs, n unspecified), but did not consider nocebo. The
majority of studies measured continuous outcomes (158 RCTs, n=10,525) but the results are also
consistent in those assessing binary outcomes (44 RCTs, n=6,041). In the studies with continuous
outcomes, there is an effect of placebo treatment (SMD -0.23; 95%Cl -0.28 to -0.17) (158 RCTs,
n=10,525), which is larger for patient-reported (SMD -0.26; 95%Cl -0.32 to -0.19) (109 RCTs,
n=8,000) than for observer-reported outcomes (SMD -0.13; 95%Cl -0.24 to -0.02) (49 RCTs,
n=2,513). Overall, larger placebo effects are seen with physical placebo interventions
(eg acupuncture), patient-involved outcomes, smaller trials and trials that did not inform
patients about the possible placebo intervention.

Importantly, trials aimed at studying placebo effects (rather than assessing responses in
placebo-control groups) demonstrate larger placebo effects, particularly in the case of analgesia
(vase 2002 Level I, 37 RCTs, n=2,298). Effect sizes can be five times higher in these studies than in
analysis of placebo effects on control groups, demonstrating an important difference when
understanding placebo effects in clinical trials (where instructions are uncertain and the context
does not replicate routine clinical care) (Vase 2009 Level | [QUOROM], 24 RCTs, n=602). Consistently
positive but highly variable placebo responses are obvious in studies involving analgesia
specifically (pooled SMD -0.28; 95%Cl -0.36 to -0.19) (60 RCTs [continuous outcome, pain], n=4,154) with
a wide range of response in the individual trials from around SMD -1.0 to 0.5. This variability is
also seen in targeted studies on placebo (Vase 2009 Level | [QUOROM], 24 RCTs, n=602).

1.3.3 | Clinical Implications

The clinical implications of placebo effects are widespread and there is much more research
needed to understand how placebo effects operate and how they can be manipulated in clinical
practice. However, the notion that placebo effects (and therefore mechanisms) may be a
component of routine pain management practice is highly important (Klinger 2014 NR; Finniss 2009
NR). If one can study how psychosocial factors alter the patient’s nociception and the experience
of pain (by running experiments in which placebos are given), this has direct implications for
clinical care where, even though no placebo is given, placebo effects are present.

In recent times, the ethical debate has shifted somewhat as the concept of placebo is better
understood. It is widely accepted that placebos should not be administered in a deceptive manner
(Finniss 2010 NR; Brody 1982 NR). However, there are not the same ethical problems associated with
harnessing the placebo effects that coexist with routine “active” treatments, as the outcome of a
treatment is attributable to both the treatment itself and the specific context in which it was given
(the placebo component). An applied example is that of the PSYHEART trial, where a specific pre-
treatment intervention addressing patients expectations pre-cardiac surgery resulted in significant
reductions in biological markers (endocrine and immune markers of stress), reduced disability and
improved quality of life at 6 mth post-surgery (Rief 2017 Level Il, n=124, JS 5).

It is suggested that, in a therapeutic interaction, the placebo effect can be clinically utilised
by enhancing expectations and using learning components (Klinger 2014 NR). Practical examples
of this are listed below.
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To enhance expectations:

Assess and manage expectations over the entire time course of a treatment;
Emphasise positive effects of medicines;

Avoid stressing adverse effects;

Explain effects and mechanisms of action of medicines;

Interact personally with the patient;

Do not rely only on written handouts; and

Avoid unrealistic expectations.

To enhance learning components:

Administer analgesics in an open manner;
Connect the administration to positive internal states and external conditions;

Combine analgesics with other pain-relieving approaches, preferably with time-

contingent administration of analgesics; and
Reinforce positive and minimise negative experiences.

KEY MESSAGES

1.

Responses to placebo across all clinical conditions are small but consistently positive.
They are more prominent, although highly variable in magnitude, in studies of pain (U)
(Level I [Cochrane Review]).

Nocebo effects in studies of pain are of moderate to large size and of high variability (U)
(Level I [PRISMA]).

. Trials aimed at studying placebo effects demonstrate larger placebo effects than those

assessing responses in placebo-control groups (U) (Level I [QUOROM]).

Analgesic placebo effects are based upon multiple neurobiological mechanisms,
including involvement of endogenous opioid, cholecystokinin (U) (Level Il), endogenous
cannabinoid systems (U)(Level llI-1) and genotype (N) (Level 11I-2).

Analgesic placebo effects are based upon multiple psychological determinants including
expectancy, classical conditioning and social and observational learning (S) (Level II).

Placebo and nocebo effects have significant influence on the efficacy of analgesics (U)
(Level 11).

The following tick boxes represent conclusions based on clinical experience and expert opinion:

|

|

Placebo effects are the consequence of the psychosocial context (or treatment ritual) on
the patient’s mind, brain and body (U).

Placebo effects occur in routine clinical care even when no traditional placebo is given.
The outcome of a treatment is attributable to both the treatment itself and the
contextual (or placebo) component (U).

Nocebo effects occur in routine clinical care and are seen as an increased pain response
to a painful stimulus or the development of adverse effects not caused by, or separate
from, the intervention (U).

Ethical harnessing of placebo and minimisation of nocebo effects will improve response
to clinical management interventions (U)
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1.4 | Progression of acute to chronic pain

Chronic pain is common in the community and is moderate to severe in intensity in approximately
20% of the population (Kennedy 2014 Level IV, n~39,400,000 [chronic pain sufferers]). This inevitably leads
to significant personal and economic cost (Breivik 2006 Level IV, n=46,394; Deloitte Access Economics 2019
NR). Episodes of acute pain may result in chronic pain with subsequent impact on quality of life,
employment and mental health (Steyaert 2012 NR; Lavand’homme 2011 NR; McGreevy 2011 NR). The
prediction and prevention of transition to chronic pain may therefore convey health and economic
benefits (see also Section 3.3).

The 11th revision of the International Classification of Diseases (ICD-11) defines chronic
postsurgical pain (CPSP) as pain developing or increasing in intensity after a surgical procedure,
in the area of the surgery, persisting beyond the healing process (ie at least 3 mth) and not better
explained by another cause such as infection, malignancy, or a pre-existing pain condition (Schug
2019 GL).

CPSP is common and although often mild, may be of sufficient severity to interfere with function and
quality of life in 1 to 10% of cases (De Kock 2009 Level IV). The currently accepted prevalence of CPSP is
shown below, however some studies suggest the prevalence may be lower than previously thought (see
Table 1.2) (Chan 2016 Level ll, n=2,924, JS 5; Fletcher 2015 Level IV, n=3,120).

CPSP often has identifiable neuropathic characteristics, although this is procedure specific,
and is often poorly responsive to opioids (Chan 2011 Level I, n=423, JS 5; Wylde 2011 Level IV,
n=1,334; Haroutiunian 2013 NR; Macrae 2008 NR; Kehlet 2006 NR). The lack of efficacy of opioids for
treating CPSP is one factor contributing to the current prescription opioid crisis (Neuman 2019 NR;
Hollmann 2019 NR) (see also Sections 1.4.3, 8.13 and 9.7).

Other well-characterised acute pain events may also lead to chronic pain, such as post-traumatic
pain (see below and Section 8.1), acute back pain (see Section 8.7) and herpes zoster (see Section
8.6.2). Although CPSP tends to be associated with major surgery, involving significant acute pain,
nerve injury and inflammation, it may also occur following minor operations. The surgical drive
towards minimally invasive surgery has reduced acute postsurgical pain but has had a limited effect
on the incidence of CPSP (Roth 2018 Level IV, n=1,996; Lavand'homme 2017 NR).

This section will focus primarily on CPSP, although the underlying mechanisms and risk
factors are also relevant to the nonsurgical conditions mentioned above.

1.4.1 | Epidemiology of chronic postsurgical pain

There is a high prevalence of CPSP and chronic pain following trauma; 22.5% of 5,130 patients
attending chronic pain clinics in North Britain cited surgery as a cause for their pain and 18.7% felt
that trauma was the primary cause (Crombie 1998 Level IV, n=5,130). As chronic pain is very common
in the population and only a small percentage of people with chronic pain attend pain clinics, data
obtained from clinics may not accurately reflect the scale of the problem in the community. A
randomised population survey from Portugal found that only 6% of those identified with chronic
pain felt that it was due to surgery (Azevedo 2012 Level IV, n=2,213). In contrast, a Norwegian
population-based study found 40.4% prevalence of pain in the anatomical region of surgery 3 mth
to 3y later (Johansen 2012 Level IV, n=2,043). In 18.3% (n=373), the pain was moderate to severe. The
prevalence of moderate to severe pain was reduced to 10.5% by excluding all respondents with the
same pain before surgery and to 6.2% by excluding all respondents with any pain before surgery.
Factors associated with CPSP were sensory abnormalities in the area of surgery (hyperaesthesia
[OR 6.27; 95%CI 4.43 to 8.86] or hypoaesthesia [OR 2.68; 95%Cl 1.05 to 3.50]) and psychological
distress (OR 1.69; 95%Cl 1.22 to 2.36).
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Chronic pain following trauma is common and approximately 70% of patients without prior
pain reported significant pain 6 mth following injury in one UK study (Rockett 2019 Level II, n=64,
JS 5). Preceding studies found similar high rates of 46% to 85% of polytrauma survivors with
subsequent chronic pain (Gross 2011 Level IV, n=229) and 72% of some painin thelast24 hat1y
after serious trauma (Holmes 2010 Level llI-2, n=290).

Less is known about CPSP in the paediatric population, but it has been estimated that 20% of
children experience CPSP 1y after spinal and mixed major surgery (Rabbitts 2017 Level IV SR, n=628;
(Williams 2017 NR).

The incidence of CPSP varies with the type of operation and it is particularly common where
nerve trauma is inevitable (eg amputation) or where the surgical field is richly innervated
(eg chest wall) (see Table 1.2) (Wylde 2011 Level IV, n=1,294; Macrae 2008 NR; Kehlet 2006 NR). In a
prospective cross-sectional study at a university-affiliated hospital and level 1 trauma centre,
14.8% of patients described CPSP, in particular those after trauma and major orthopaedic
surgery (Simanski 2014 Level IV, n=3,020). A similar study, focussing on neuropathic CPSP only
following two procedure types, identified an incidence of 3.2% for laparoscopic herniorrhaphy
vs 37.1% for breast cancer surgery at 6 mth after surgery (Duale 2014 Level IV, n=3,112). Overall,
these data support the high incidence of CPSP and the frequent linkage of CPSP to nerve injury.

Table 1.2 | Incidence of chronic pain after surgery

Any CPSP (%) Severe CPSP (%) Neuropathic pain

(proportion)*

Type of surgery

Abdominal surgery (visceral)  17-21% Not reported Not reported

Amputation 30-85% 5-10% 80%
Caesarean section 6-55% 5-10% 50%
Cholecystectomy 3-50% Not reported Not reported
Craniotomy 7-30% 25% Not reported
Dental surgery 5-13% Not reported Not reported
Hip arthroplasty 27% 6% 1-2%
Inguinal herniotomy 5-63% 2-4% 80%

Knee arthroplasty 13-44% 15% 6%
Melanoma resection 9% Not reported Not reported
Mastectomy 11-57% 5-10% 65%
Sternotomy (CABG) 30-50% 4-28% Not reported
Thoracotomy 5-65% 10% 45%
Vasectomy 0-37% Not reported Not reported

CABG-Coronary artery bypass graft surgery; * assessed by screening questionnaires in most studies.
Adapted from Glare 2019, Schug 2017.
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1.4.2 | Characteristics of chronic postsurgical pain

Efforts are now being made to standardise outcome measures to characterise CPSP in future
RCTs and epidemiological studies (Wylde 2014 Level IV, n=1,294; VanDenKerkhof 2013 GL). CPSP may
persist as a continuum from acute postsurgical pain or it may occur following a pain-free interval.
CPSP may occur in the skin or deep tissues of the region of surgery, it may be referred to
characteristic areas due to viscerosomatic convergence or be related to the course of a nerve
injured by surgery.

A significant proportion of patients with CPSP demonstrate sensory abnormalities, suggesting
that CPSP often has a neuropathic component (Johansen 2016 Level IV, n=81; Aasvang 2008 Level IV,
n=46). The incidence of acute neuropathic pain has been reported as 1 to 3%, based on patients
referred to an APS, primarily after surgery or trauma (Hayes 2002 Level IV). The majority of these
patients had persistent pain at 12 mth, suggesting that acute neuropathic pain is a risk factor for
chronic pain. These qualitative results were confirmed in a subsequent study (Beloeil 2017 Level llI-2,
n=593). Using a screening tool (DN-4), acute neuropathic pain was identified in 5.6% (95%Cl 3.6 to
8.3) on the day of surgery and in 12.9% (95%Cl 9.7 to 16.7) on POD 1. Postsurgical neuropathic pain
was identified in phone follow-up 2 mth postsurgery in 33.3% of patients; acute neuropathic pain
was a risk factor for its development (OR 4.2; 95%Cl 2.2 to 8.1). Similarly, immediately after
thoracotomy or video-assisted thoracic surgery (VATS), 8% of patients scored positively on another
screening tool for neuropathic pain (LANSS) and 22% 3 mth later; again acute neuropathic pain was
identified as a risk factor for chronic neuropathic pain (RR 3.5; 95%Cl 1.7 to 7.2) (Searle 2009b Level
lI1-2, n=100). Following VATS, sensory changes suggestive of nerve injury were demonstrated in most
patients but there was no difference in sensory abnormalities or measures of central sensitisation
between patients with and without CPSP (Wildgaard 2012 Level IV). Similarly, changes in sensory
thresholds (warmth detection and heat pain) were demonstrated in most pain-free patients
following open inguinal herniorrhaphy (Aasvang 2010b Level IV). This suggests that, although nerve
injury is frequently associated with CPSP, such injury does not inevitably lead to chronic pain. It
should be recognised however that numbness might still be distressing to some patients.
Additionally, neuroplastic processes termed central sensitisation may occur without nerve injury
and may result in altered nociceptor function with a gain (sensitisation) or a loss (desensitisation)
of function of nociceptors, resulting in sensory changes superficially resembling neuropathic pain.
Assessment of these sensory changes using techniques such as quantitative sensory testing may in
the future lead to more individualised treatment and drug development for the prevention and
treatment of CPSP (Arendt-Nielsen 2018 NR).

The intensity and character of CPSP is variable. Descriptors may relate to neuropathic pain
(shooting, burning, tingling) (VanDenKerkhof 2013 Level IV) but somatic / nociceptive pain
characteristics (aching, tender, stabbing, squeezing) are also commonly reported (Chan 2011 Level
ll-1), especially associated with joint arthroplasty (Wylde 2011 Level IV, n=1,294). Typically around
10% of patients describe the CPSP as severe, although this proportion may be higher in some
surgical groups (Glare 2019 NR). The sequelae of CPSP vary from mild discomfort to a significant
impact on quality of life. The negative impact of CPSP is similar to that of other chronic pain
conditions and, along with psychological distress, may include the use of multiple analgesics,
regular medical attendances, inability to undertake certain activities and difficulty returning to
work (Chan 2011 Level lll-1, n=640; Steyaert 2012 NR).

1.4.3 | Opioids and CPSP

In recent years, the use of strong opioids to manage acute and chronic non-cancer pain has been
increasing. This has been one factor in the generation of a global opioid crisis, with opioid use
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and deaths from overdose of prescription drugs increasing dramatically in many countries (Jones
2018 NR). Surgery is a risk factor for both persistent pain and ongoing inappropriate opioid use
(Hah 2017 NR). Prolonged opioid use after hospital discharge seems to be relatively common,
occurring in 10.5% of patients for greater than 90 d after surgery in an Australian study (Stark
2017 Level IV, n=970), and in 3% of opioid naive patients at 90 d in a large cohort study from
Canada (Clarke 2014 Level IV, n=39,140). In contrast, opioid use by outpatient pain clinics has been
decreasing in chronic non-cancer pain due to lack of evidence for their efficacy (Dowell 2016 GL;
Chou 2009 GL). For more details see also Section 8.13.

Not only is CPSP a risk factor for ongoing opioid use, but opioid use may trigger or worsen
symptoms of CPSP (see also Section 1.4.4 below). The use of high dose opioids in the acute
setting has been shown to activate neuroplastic processes which may result in CPSP (see also
Sections 1.1, 4.3.1 and 9.7). Opioid induced hyperalgesia (OIH) is a state of increased sensitivity
to noxious stimuli occurring after exposure to high dose opioids (usually remifentanil). Patients
exposed to high dose opioids in the perioperative period have higher postoperative pain scores
and increased opioid use. OIH may result in spiralling opioid use (Fletcher 2014 Level I, 24 RCTs,
n=1,494). Endogenous opioid analgesic systems are protective against the development of CPSP
(Eippert 2009 Level Ill-1 EH; Yarnitsky 2008 Level IV, n=62). Prolonged opioid use leads to
internalisation of mu opioid receptors at a cellular level. This may impair the functioning of the
endogenous opioid analgesic system and increase sensitivity to pain leading to OIH and
potentially CPSP (Glare 2019 NR).

1.4.4 | Predictive factors for chronic postsurgical pain

Risk evaluation for CPSP enables clinicians to address identified risk factors before surgery.
This guides planning and discussion regarding expectations, the scope of planned surgery and
possibility of changed approaches to the anaesthesia, pain management and even the procedure
itself. Risk factors for CPSP have been identified in the preoperative, intraoperative and
postoperative periods, and cover 6 broad domains: genetic, demographic, psychosocial, pain,
clinical, and surgical factors (Schug 2017 NR).

Demographic factors such as younger age for adults and female gender influence the frequency
of CPSP, as do psychological factors such as anxiety, depression, catastrophising, fear of surgery
and hypervigilance (Theunissen 2012 Level IV SR, 29 studies, n=6,628; Hinrichs-Rocker 2009 Level IV SR, 50
studies, n=25,000; Weinrib 2017 NR). Very young age may be a protective factor as hernia repair in
children <3 mth of age did not lead to chronic pain in adulthood (Aasvang 2007 Level IV, n=651). In
children aged 8-18 y, “parent pain catastrophising” was the main risk factor for the development
of CPSP (Page 2013 Level IV, n-83). The significance of each risk factor varies with the operation but
pre-existing psychological factors (high state anxiety and pain magnification as a component of
catastrophising) increased the risk across two types of surgery (TKA and breast cancer surgery)
(Masselin-Dubois 2013 Level llI-2, n=189; Weinrib 2017 NR).

The intensity of acute postsurgical pain is a consistent predictor of CPSP (Chan 2011 Level I,
n=640, JS 5; Althaus 2012 Level IV, n=150). This has been shown following a wide range of
procedures including breast surgery (Bruce 2014 Level IV, n=362), thoracic surgery (Yarnitsky 2008
Level IV, n=62; Katz 1996 Level IV, n=30), gynaecological surgery (VanDenKerkhof 2012a Level IV,
n=433), Caesarean section (Nikolajsen 2004 Level IV, n=220), lower limb amputation (Hanley 2007
Level IV, n=57), total hip arthroplasty (THA) (Nikolajsen 2006 Level 1V, n=1,231) and inguinal
herniotomy (Aasvang 2010a Level IV, n=464). After thoracic surgery, higher acute pain intensity
postoperatively predicted the incidence of CPSP (OR 1.80; 95%Cl 1.28 to 2.77), nearly doubling
the chance of developing chronic pain for each point increase on a 10-point numerical rating
scale (NRS) (Yarnitsky 2008 Level IV, n=62). Large scale observational studies have confirmed the
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importance of acute pain in the development of CPSP with a 10% increase in the percentage
of time in severe acute pain associated with a 30% increase in the incidence of CPSP at 12 mth
(Fletcher 2015 Level IV, n=3,120). Sensitisation and “wind-up” of nociceptive pathways within the
CNS is thought to play a significant role in the establishment and maintenance of chronic pain
following an intense nociceptive stimulus. Nociceptive processes occurring in the periphery,
including nerve injury, are also implicated in the transition from acute to chronic pain
(Baron 2013 NR).

Preoperative chronic pain is a universal risk factor (Johansen 2014 Level IV, n=12,981;
VanDenKerkhof 2012a Level IV, n=433; Wylde 2011 Level IV, n=1,294; Aasvang 2010a Level IV, n=464).
This is likely due to the increase in sensitivity of the nociceptive system found in patients with
chronic pain. This may partly explain the relatively high rates of CPSP following THA and TKA (25
and 44% respectively) (Wylde 2011 Level IV, n=1,294). Preoperative pain was the predictor that
most commonly demonstrated a significant relationship with persistent pain following TKA
across uni- and multivariate analyses. In a meta-analysis of univariate models, the largest effect
sizes were found for preoperative pain at other sites, catastrophising and depression (Lewis 2015
Level I, 28 RCTs, n=29,993). For data from multivariate models catastrophising, preoperative pain,
mental health and comorbidities had significant effects. Preoperative pain was also a risk factor
for CPSP at 3 mth in trauma patients requiring orthopaedic surgery (OR: 1.17; 95% Cl: 1.03, 1.32)
(Edgley 2019 Level 1lI-2, n=229).

Given the potential for opioids to interfere with endogenous analgesic systems, it is perhaps
not surprising to find that preoperative opioid use increased the risk of CPSP after gynaecological
surgery (RR 2.0; 95%Cl 1.2 to 3.3) (VanDenKerkhof 2012a Level IV, n=433). In a prospective study of
day case orthopaedic surgery, 8% developed CPSP if they were taking pre-operative analgesics
with adequate analgesia (Hoofwijk 2015 Level IV, n=908). However, patients taking analgesics
without relief had a much higher incidence of CPSP of 32%.

Presurgical sensitivity to painful stimuli, identified using some form of quantitative
sensory testing (QST), variably accounts for 5-54% of the variance in acute postoperative pain
and can predict risk for CPSP (Werner 2010 Level | [QUOROM], 15 RCTs, n=962). The relative
efficacy of the endogenous descending inhibitory system determined by assessing DNIC
partly predicted patients who developed CPSP after thoracotomy (OR 0.52; 95%Cl 0.33 to
0.77) (Yarnitsky 2008 Level IV, n=62). Widespread pressure pain sensitivity was correlated with
worse functional outcome following TKA (Wylde 2013 Level llI-3, n=51). Sensitivity to noxious
heat and mechanical stimuli did not correlate with CPSP in an unselected surgical population,
whereas cold sensitivity correlated both with CPSP and comorbid chronic pain conditions
(Johansen 2014 Level IV, n=12,981). Prior to herniotomy, high pain scores from a 47°C
temperature probe were predictive of postherniotomy pain (OR 1.34; 95%Cl 1.15 to 1.57)
(Aasvang 2010a Level IV, n=464).

It is also likely that genetic and epigenetic factors influence both the sensitivity of
individuals to analgesics and their risk of CPSP (Mauck 2014 NR; Buchheit 2012 NR). For example,
different haplotypes of the gene for the enzyme catechol-O-methyltransferase (COMT),
involved in the modulation of pain responses, were associated not only with differences in
experimental pain sensitivity but also with the development of chronic temporomandibular
joint disorder (TMD) (Nackley 2007 Level IV). In women undergoing hysterectomy the
polymorphism rs4818 within the COMT gene was associated with the presence of CPSP at
3 mth but not 12 mth postoperatively (Hoofwijk 2019 Level 1ll-2, n=345). However, opioid
receptor mu-1 (OPRM1) genotype, but not COMT genotype, was associated with the
development of CPSP after abdominal surgery (Kolesnikov 2013 Level IV, n=102). One prospective
study of patients undergoing various surgical procedures did not reveal any correlation
between 90 genetic markers and the incidence or severity of CPSP (Montes 2015 Level IV,
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n=2,929). Overall, heritability estimates suggest that about 50% of the variability in CPSP rates
is attributable to genetic variability. In order to apply these findings to individual patients, very
large studies analysing tens of thousands of genetic samples will be needed to characterise
patients at risk (Clarke 2015 NR) (see also Section 1.7).

To date, clinical risk factors remain the most reliable tools for the prediction of CPSP (Althaus
2012 NR). Attempts have been made to generate predictive models of CPSP but these do not yet
have sufficient sensitivity and specificity to prove clinically useful. Using a training set of 150
patients with an incidence of CPSP of about 50%, five factors were independently predictive of
developing CPSP, of which four can be assessed pre-operatively: pain in the surgical field,
comorbid chronic pain at other sites, capacity overload and comorbid stress. Moderate to severe
postoperative pain at POD 5 was the only significant postoperative factor. Patients with three to
five risk factors were more likely to go on to develop CPSP than were those with zero to two
factors (sensitivity 74%, specificity 65%).

Screening tools based on specific types of surgery have demonstrated better specificity,
but identify many false positives. For example, for breast cancer surgery four factors were
predictive of CPSP: preoperative pain at the site of surgery, high body mass index, axillary
lymph node dissection and severity of acute pain on the 7th d after surgery (Meretoja 2017
NR). At the 20% risk level, the model had 32.8% and 47.4% sensitivity and 94.4% and 82.4%
specificity in two cohorts from Denmark and Scotland, respectively. A predictive model for
CPSP after inguinal hernia repair, hysterectomy or thoracotomy has been developed (Montes
2015 Level 1V, n=2,929). The model included six clinical factors: surgical procedure, age,
physical health, mental health, preoperative pain in the surgical field, and preoperative pain
in another area. This model was a good fit (c-statistic 0.731; 95%Cl 0.705 to 0.755).
Interestingly, the same study found that 90 genetic markers did not predict CPSP.

The trajectory of daily pain scores after surgery has also been investigated as a predictor of
CPSP (Chapman 2011 Level IV, n=502). Following TKA, 4 distinct acute pain trajectories were
identified. Patients with a constantly high acute pain trajectory were at higher risk of CPSP (Page
2015 Level IV, n=173). Subacute pain after orthopaedic surgery at 10 d and 6 wk also predicted
CPSP at 12 mth in one study (Andersson 2015 Level IV). Trajectories of anxiety and depression over
time have also been assessed as a potential risk factor for CPSP, and patients with unremitting
high levels of anxiety, but not depression were found to be more likely to experience CPSP
following cardiac surgery (Page 2017 Level IV, n=173).

A summary of risk factors identified for the development of CPSP is presented in Table 1.3.
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Table 1.3 | Risk factors for chronic postsurgical pain

Preoperative factors Pain, moderate to severe, lasting >1 mth
Repeat surgery
Psychological vulnerability (eg catastrophising)
Preoperative anxiety
Female sex
Younger age (adults)
Workers’ compensation
Genetic predisposition
Inefficient diffuse noxious inhibitory control
Opioid use (particularly if ineffective)

Intraoperative factors Surgical approach with risk of nerve damage

Postoperative factors Pain (acute, moderate to severe and subacute)
Radiation therapy to area
Neurotoxic chemotherapy
Depression
Psychological vulnerability
Neuroticism
Anxiety
Pain and anxiety trajectories

Sources: Adapted from Page 2017; Schug 2017; Johansen 2014; Wylde 2011, Hinrichs-Rocker 2009;
Macrae 2008; Kehlet 2006.

1.4.5 | Mechanisms for the progression from acute to chronic pain

Central and peripheral sensitisation are the most likely underlying factors in the development of
CPSP (Richebe 2018 NR; Lavand'homme 2017 NR). There is limited trial data to infer mechanisms
and therefore most evidence relating to likely mechanisms is based on laboratory animal or
epidemiological data (Peirs 2016 NR BS). Initiation of these processes is most likely in a situation
where an individual is “primed” (eg by pre-existing pain) or susceptible (eg inefficient DNIC,
psychological state or genetic predisposition) (Lavand'homme 2017 NR; Denk 2014 NR;
Lavand'homme 2011 NR). The imposition of an intense surgical stimulus induces both central and
peripheral changes (Baron 2013 NR). Maintenance of these intense nociceptive inputs by poorly
controlled postoperative pain, peripheral nerve damage (D'Mello 2008 NR) and complications (eg
wound infection) then lead on to a chronic pain state. It is proposed that these all lead to
neuroplastic processes such as peripheral and central sensitisation. Such processes include
inflammation at the site of tissue damage as well as ectopic discharges after nerve injury and
lead to a barrage of afferent input that produces changes in the peripheral nerves, spinal cord,
higher central pain pathways, somatosensory cortex and the sympathetic nervous system (see
Section 1.1). Evidence for sensitisation includes the presence of larger area of secondary
hyperalgesia at 48 h (88 vs 33 cm?) in patients having iliac crest bone harvesting who developed
CPSP with higher neuropathic pain scores on the Doleur Neuropathique 4 (DN4) questionnaire
(4.3/10 vs 2.3) (Martinez 2012 Level IV). Similarly, following abdominal surgery, patients with
analgesic regimens resulting in smaller areas of wound hyperalgesia (indicating less sensitisation)
had a lower incidence of CPSP (Lavand'homme 2005 Level Il, n=85, JS 5). Punctuate hyperalgesia
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around a surgical incision could be shown in a large area, suggesting central sensitisation, which
was suppressed by IV ketamine injection (Stubhaug 1997 Level I, n=20, JS 5).

The relative degree of ongoing inflammation or intraoperative nerve injury resulting in
peripheral and central sensitisation may explain the variation in risk and, to an extent, the
characteristics of CPSP for different operations (Simanski 2014 Level IV).

Psychological factors (depression, psychological vulnerability and stress) are important in the
development of CPSP (Hinrichs-Rocker 2009 Level IV SR, 50 RCTs, n=25,000) and cortical processing
of nociceptive information and descending inhibitory and excitatory pathways provides a
plausible mechanism for some of these effects. Functional connectivity and anatomical
differences of corticolimbic structures involved in emotion and motivation predict chronic pain
in some circumstances (Vachon-Presseau 2016 Level IV EH; Baliki 2012 NR).

1.4.6 | Prevention of chronic postsurgical pain

Effective prevention of CPSP is limited by an incomplete understanding of the mechanisms that
generate it. However, some recognised risk factors are modifiable in the perioperative period.
These include, body mass index, opioid use, preoperative pain and some psychological factors.
In the postoperative period, attention to effective management of acute pain, limiting exposure
to opioids and psychological support in rehabilitation and recovery of normal functioning are all
likely to play a role.

Interventions evaluated thus far are divided into four broad groups and include regional and
neuraxial analgesia, pharmacotherapy, surgery and multidisciplinary nonpharmacological
interventions. Analgesic strategies for which the clinical efficacy outlasts the pharmacological
activity are described as “preventive analgesia” (defined as analgesia that persists more than 5.5
half-lives of the medicine) and most likely rely on reducing peripheral and central sensitisation
(Katz 2011 NR) (see also Section 1.5).

1.4.6.1 | Regional or neuraxial analgesia

Meta-analysis on the prevention of CPSP by regional anaesthesia found benefits for three
procedure types: thoracotomy, breast cancer surgery and Caesarean section (Weinstein 2018
Level | (Cochrane), 63 RCTs, n=3,027). Following open thoracotomy (7 RCTs, n=499), epidural
anaesthesia reduces the incidence of CPSP 3 to 18 mth following surgery compared to
systemic analgesia (OR 0.52; 95%CI| 0.32 to 0.84) (number-needed-to-treat [NNT] 7). For
breast cancer surgery any form of regional anaesthesia (18 RCTs, n=1,297) reduces CPSP 3 to
12 mth after surgery compared with systemic analgesia (OR 0.43; 95%Cl 0.28 to 0.68) (NNT
7); specifically paravertebral block (PVB) (6 RCTs, n=419) is effective (OR 0.61; 95%Cl 0.39 to
0.97) (NNT 11). For Caesarean section (4 RCTs, n=551), a mixture of regional analgesia
techniques, reduces CPSP from 3 to 8 mth (OR 0.46; 95%Cl 0.28 to 0.78) (NNT 19). There is
insufficient data to make clear recommendations regarding the timing of various local
anaesthetic interventions (21 RCTs) and the impact on CPSP, but earlier administration of
epidural prior to incision vs post amputation (4 RCTs, n=334) may provide benefit (Humble
2015 Level I, 32 RCTs, n=2,834).

For many procedures, studies investigating the effect of regional anaesthesia and analgesia
on chronic pain outcomes are limited in number and have differing designs, which prevents
meta-analysis due to high levels of heterogeneity. In patients undergoing open colonic resection,
continuous perioperative epidural analgesia led to a lower risk of developing chronic pain up to
1y after surgery compared with IV analgesia (Lavand'homme 2005 Level Il, n=85, JS 5). In a case-
control study, epidural anaesthesia reduced chronic pain at 6 mth after surgery (OR 0.19; 95%Cl
0.05 to 0.76) (Bouman 2014 Level llI-2). Spinal anaesthesia in comparison to general anaesthesia

5th Edition | Acute Pain Management: Scientific Evidence



1.0 | PHYSIOLOGY AND PSYCHOLOGY OF ACUTE PAIN

reduced the risk of CPSP after Caesarean section (Nikolajsen 2004 Level llI-2) and hysterectomy
(OR0.42;95%Cl 0.21 to 0.85) (Brandsborg 2007 Level lll-2). The latter study found no difference in
risk between abdominal and vaginal hysterectomy.

A systematic review on phantom limb pain prophylaxis showed that perioperative (pre, intra
and postoperative) epidural analgesia reduced the incidence of severe phantom limb pain
12 mth after surgery (NNT 5.8) (Gehling 2003 Level llI-2 SR, 9 studies, n=836). The use of epidural
analgesia to prevent the development of phantom pain or CPSP following limb amputation may
be a useful component of multimodal therapy in patients with severe preoperative pain
(Karanikolas 2011 Level II, n=65, JS 5). See also Section 8.1.5.

The use of IV lidocaine for prevention of CPSP is discussed in Section 1.4.6.3 below.

1.4.6.2 | Local anaesthetic infiltration

Meta-analysis on the prevention of CPSP by local infiltration finds benefits for breast cancer
surgery and iliac crest bone graft (ICBG) harvest (Weinstein 2018 Level | [Cochrane], 39 RCTs,
n=3,027). For breast cancer surgery (6 RCTs, n=379), local anaesthetic infiltration reduces CPSP
3 to 12 mth after surgery vs systemic analgesia (OR 0.29; 95%Cl 0.12 to 0.73) (NNT 7). For ICBG
harvest (4 RCTs, n=159), continuous local anaesthetic infiltration reduces CPSP 3 to 12 mth after
surgery vs systemic analgesia (OR 0.1; 95%Cl 0.01 to 0.59) (NNT 3).

Local anaesthetic wound infiltration reduced the proportion of patients with chronic pain and
neuropathic pain 2 mth following intracranial tumour resection (Batoz 2009 Level I, n=52, JS 3).

1.4.6.3 | Pharmacotherapy

Ketamine

Ketamine is commonly used to treat both acute and chronic pain. When used as a preventive
analgesic, perioperative ketamine compared to placebo significantly reduces CPSP at 3 mth
(5 RCTs, n unspecified) but only when administered for >24 h (OR 0.37; 95%CI 0.14 to 0.98)
(Chaparro 2013 Level | [Cochrane], 14 RCTs [ketamine], n=1,388). At 6 mth (10 RCTs, n=516),
perioperative ketamine reduces CPSP (OR 0.63; 95%Cl 0.47 to 0.83), which remains significant
when infused for <24 h (OR 0.45; 95%Cl 0.26 to 0.78). These effects were predominantly in
abdominal surgery. Another meta-analysis found a benefit of perioperative IV ketamine vs
placebo in reducing the incidence of CPSP at 3 mth (RR 0.74; 95%Cl 0.60 to 0.93) (NNT 12), 6 mth
(RR 0.70; 95%CI 0.50 to 0.98) (NNT 14) but not at 12 mth postoperatively (McNicol 2014 Level I,
14 RCTs [IV route], n=1,586) (11 RCTs overlap); such beneficial effects were not found with epidural
administration of ketamine (3 RCTs, n=302).

A network meta-analysis investigating multiple pharmacological interventions to reduce
CPSP identified ketamine as the highest ranked in terms of efficacy and safety (Ning 2018 Level |
[NMA], 24 RCTs, n unspecified). In thoracic surgery, low dose ketamine infusion (0.1 mg/kg/hr)
reduced opioid use for 24 h and pain at 48 h, but did not affect CPSP at 3, 6 or 12 mth (Chumbley
2019 Level Il, n=70, JS 5).

Opioids

High dose intra-operative opioids, particularly remifentanil, have been shown to result in opioid
induced hyperalgesia, increased pain and 24 h opioid use in the postoperative period which may
be associated with CPSP (Fletcher 2014 Level I, 27 RCTs, n=1,494). The intra-operative use of
remifentanil in cardiac surgery also resulted in a higher incidence of CPSP at 1y (OR 8.9; 95%ClI
1.6 to 49.0) (van Gulik 2012 Level l11-2, n=90).
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Alpha-2-delta ligands (gabapentinoids)

Two previous parallel meta-analyses (10 RCT overlap) and a correction of one of these investigated
the use of perioperative gabapentin or pregabalin in reducing CPSP across a diverse range of
procedures (Chaparro 2013 Level | [Cochrane], 15 RCTs [gabapentin and pregabalin], n=1,300; Clarke 2012
Level I [PRISMA], 11 RCTs, n=930; Clarke 2013 Level I, 5 RCTs, n=875). The overall conclusion was that
there was limited or no benefit in the setting of significant heterogeneity.

In addressing the issue of potential bias due to unpublished data, a meta-analysis of
pregabalin and CPSP included 79% unpublished trials (Martinez 2017 Level | [PRISMA], 18 RCTs,
n=2,485). There was no benefit with pregabalin use in the prevention of CPSP overall at 3, 6 or
12 mth postoperatively, in cardiac, visceral or orthopaedic surgery (OR 0.87 [at 3 mth]; 95%ClI
0.66 to 1.14). There was, however, a reduction in chronic postsurgical neuropathic pain in four
published trials (4 RCT, n=451) (OR 0.16; 95%Cl 0.04 to 0.73). These results reflect weak
evidence due to the small size of most included studies, the variability in existing study design,
doses used, duration of treatment and measured outcomes, and positive publication bias.

IV lidocaine (lignocaine)

IV lidocaine has preventive effects on acute postoperative pain (Barreveld 2013 Level I, 16 RCTs
[lidocaine], n=847) (see Section 1.5) and reduces CPSP following breast cancer surgery at 3 mth
compared to systemic analgesics alone (OR 0.24; 95%Cl 0.08 to 0.69) (Weinstein 2018 Level |
[Cochrane], 2 RCTs, n=97 [IV lidocaine]) (1 RCT overlap). A meta-analysis of IV lidocaine versus
placebo in the prevention of CPSP at 3 mth across a range of surgeries (predominantly
mastectomy), identified a significant benefit (OR 0.29; 95%Cl 0.18 to 0.48) (NNT 5), although
numbers were too small to specifically identify safety concerns (Bailey 2018 Level I, 6 RCTs, n=420)
(2 RCT overlap with Weinstein 2018).

Others

Following mastectomy, 10 d treatment with venlafaxine (37.5 mg/d) commencing preoperatively
was associated with significantly lower burning and stabbing pain after 6 mth (Amr 2010 Level Ii,
n=150, JS 3).

Planned subgroup analysis of the intraoperative use of nitrous oxide (ENIGMA-2) revealed
that this intervention prevents CPSP in Chinese patients and those with variants in the methylene
tetrahydrofolate reductase gene (RR 0.70; 95%Cl 0.50 to 0.98) suggesting that there may be a
genetic component to vulnerability to CPSP (Chan 2016 Level I, n=674, IS 5); there was no benefit
in non-Chinese patients overall.

1.4.6.3 | Modification of surgical approach

Minimally invasive and laparoscopic surgery has made a significant impact on the severity of
acute postsurgical pain but has resulted in little impact on the prevalence of CPSP (Aasvang 2010a
Level llI-2, n=464). While VATS vs open thoracic surgery reduced the risk of post-thoracotomy pain
(aOR 0.33; 95%CI 0.13 to 0.86) and neuropathic pain (aOR 0.18; 95%CI 0.04-0.85), it still carries
a significant risk (35% incidence) (Shanthanna 2016 Level llI-3, n=106); this is confirmed in another
study (VATS 13.3% vs thoracotomy 32.2%) (Wang 2017 Level llI-2, n=298).

Deliberate neurectomy (of the ilioinguinal nerve) for inguinal hernia repair reduced the
incidence of CPSP (from 21 to 6%) in one RCT (Malekpour 2008 Level I, n=100, JS 4) and in
another study (Smeds 2010 Level IlI-2), while an earlier nonrandomised multicentre
prospective study found this approach increased CPSP risk (Alfieri 2006 Level IlI-2, n=973).
Intraoperative nerve identification of the iliohypogastric, ilioinguinal and genitofemoral
nerves did not reduce the risk of development of sensory loss or postherniotomy pain
syndrome compared with nonidentification (Bischoff 2012 Level IlI-3, n=244). International
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guidelines for the reduction in CPSP following inguinal herniorrhaphy have been developed,
recommending preservation of all three nerves (Alfieri 2011 GL).

Sparing of the intercostobrachial nerve during mastectomy with axillary dissection reduces
the likelihood of a patient having hyposensitivity but not hypersensitivity (Warrier 2014 Level |
[PRISMA], 3 RCTs, n=309). Cryoanalgesia of the intercostal (IC) nerves at the time of thoracotomy
results in an increase in chronic pain in comparison to IV PCA or epidural analgesia or in
conjunction with epidural analgesia (Humble 2015 Level I, 6 RCTs [cryoanalgesia], n=186).

1.4.6.4 | Multidisciplinary approaches

The impact of psychological interventions delivered in the perioperative period to prevent CPSP
has been assessed by a systematic review (Wang 2018 Level | [PRISMA], 15 RCTs, n=2,220).
Perioperative education has no effect on CPSP, while perioperative cognitive-behavioural
therapy and/or relaxation training reduce the severity of CPSP based on evidence of moderate
quality (MD -1.06/10; 95%Cl -1.56 to -0.55). Preemptive and preventive pain psychoeducation
decrease the length of stay and improve quality of acute postsurgical pain relief (Horn 2020 Level |
[PRISMA], 43 RCTs, n unspecified). The authors concluded that preemptive pain psychoeducation
would result in a decreased incidence of CPSP given that severe acute postsurgical pain and
catastrophising were both significant risk factors.

Transitional pain services

New models of acute pain services have been suggested to manage pain and opioid use in
the perioperative period. The ‘Transitional Pain Service’ aims to optimise pain and opioid use
prior to surgery, devise individualised intraoperative opioid sparing analgesic plans and
manage pain postoperatively beyond the time of discharge from hospital (Katz 2015 NR). This
approach is intended to reduce CPSP and inappropriate long-term opioid use. Psychological
strategies including Acceptance and Commitment Therapy (ACT) are employed to assist in
rehabilitating patients and treat or prevent CPSP (Huang 2016 NR). A similar model of ‘Acute
Pain Service Outpatient Clinic’ has been established in Finland (Tiippana 2016 Level 111-3). Of the
first 200 high risk patients referred to the clinic, 70% had evidence of neuropathic CPSP. The
median time to referral to the clinic from surgery was 2 mth and patients were followed up
for a median of 2.8 mth. At discharge from hospital, half the patients were using weak
opioids, one third strong opioids and 70% were taking gabapentinoids. At discharge from the
clinic, use of these drugs was approximately halved. One fifth of the patients were referred
to the chronic pain clinic for ongoing management.

See also the following Section 1.5 for more examples of the use of preemptive and preventive
analgesic interventions in attempts to reduce the risk of chronic pain after surgery and Sections
8.1.5 to 8.1.6 for more details on prevention of phantom pain after limb amputation and other
postoperative pain syndromes.
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KEY MESSAGES

1. Perioperative IV ketamine reduces the incidence of chronic postsurgical pain in
selected procedures (S) (Level | [Cochrane Review]).

2. Following thoracotomy, epidural analgesia reduces the incidence of chronic
postsurgical pain (S) (Level I [Cochrane Review]).

3. Following breast cancer surgery, paravertebral block (S), local infiltration (N) (Level |
[Cochrane Review]) and IV lidocaine reduce the incidence of chronic postsurgical pain
(N) (Level I [PRISMA]).

4. Foriliac crest bone graft harvest, continuous local anaesthetic infiltration reduces the
incidence of chronic postsurgical pain (N) (Level | [Cochrane Review])

5. Pregabalin reduces the incidence of chronic postsurgical neuropathic pain, but does
not affect non-neuropathic chronic postsurgical pain (N) (Level | [PRISMA]).

6. Sparing of the intercostobrachial nerve during mastectomy does not decrease chest
wall hypersensitivity (U) (Level | [PRISMA]).

7. Cryoanalgesia of the intercostal nerves at the time of thoracotomy results in no
improvement in acute pain but an increase in chronic pain (U) (Level I).

8. There is significant association between anxiety, pain catastrophising (U) (Level 111-2
SR), depression, psychological vulnerability and stress (U) (Level IV SR) and the
subsequent development of chronic postsurgical pain.

9. Other risk factors that predispose to the development of chronic postsurgical pain
include the severity of presurgical chronic pain and postsurgical acute pain and
intraoperative nerve injury (U) (Level IV SR).

10. Spinal anaesthesia in comparison to general anaesthesia reduces the risk of chronic
postsurgical pain after hysterectomy and Caesarean section (U) (Level 111-2).

11. Chronic postsurgical pain is common and may lead to significant disability (S) (Level IV).

12. Chronic postsurgical pain often has a neuropathic component (S) (Level IV).

The following tick boxes represent conclusions based on clinical experience and expert
opinion:

VI Gabapentin has no demonstrated effect in preventing chronic postsurgical pain;
considerable uncertainty exists regarding efficacy with contradictory meta-analyses of
a few, usually small, studies with a large degree of heterogeneity (Q).

M Implementation of transitional pain services may help manage the complex issues of
prolonged postoperative opioid use and chronic postsurgical pain (N).
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1.5 | Pre-emptive and preventive analgesia

The terms ‘pre-emptive’ and ‘preventive’ analgesia have a highly specific meaning with respect
to pain neurophysiology and sensitisation. The understanding of pre-emptive analgesia has
evolved since the term was first coined in early 1988 (Wall 1988 NR). In laboratory studies,
administration of an analgesic prior to an acute nociceptive stimulus more effectively minimised
dorsal horn changes associated with central sensitisation than the same analgesic given after the
pain state was established (see Section 1.1) (Woolf 1983 BS). This led to the hypothesis that pain
relief prior to surgery may enhance postoperative pain management when compared with the
same analgesia administered during or following surgery; that is, “pre-emptive preoperative
analgesia” (Wall 1988 NR). However, individual clinical studies have reported conflicting outcomes
when comparing “preincisional” with “postincisional” interventions. In part this relates to
variability in definitions, deficiencies in clinical trial design and differences in the outcomes
available to laboratory and clinical investigators (Rosero 2014a NR; Katz 2002 NR; Kissin 1994 NR).

Central and peripheral sensitisation affects both the intensity of acute pain and the
persistence of pain well into the postoperative period and beyond (see also Section 1.4). This is
complex and relates not only to the skin incision but also to the extent of intraoperative tissue
and nerve injury, postoperative inflammation and the nervous system’s response. The research
focus has shifted from the “timing” of a single analgesic intervention to the concept of modifying
sensitisation and thus having a longer-term impact on pain relief. This is termed “preventive”
analgesia (Kissin 1994 NR) rather than pre-emptive analgesia. The differences between these two
terms relate to the timing and outcomes being described, because both aim to minimise
sensitisation. “Pre-emptive” analgesia, as described above, relates to the timing of
administration of the analgesic intervention prior to the insult and is measured in terms of pain
intensity or related outcomes. “Preventive” analgesia is the persistence of analgesic treatment
efficacy beyond its expected duration of effect (see Table 1.4). This had been defined as analgesia
that persists for >5.5 half-lives of a medicine, to ensure complete washout of any direct
pharmacological effect (Katz 2011 NR). A useful summary of medicines and their criterion value
of 5.5 half-lives has been published (Katz 2008b NR). In clinical practice, preventive analgesia
appears to be the most relevant and, of pharmacological options, holds the most hope for
minimising chronic pain after surgery or trauma because it decreases central sensitisation and
“wind-up”. An important consideration to maximise the benefit of any analgesic strategy is that
the active intervention should be continued for as long as the sensitising stimulus persists (ie
well into the postoperative period) (Pogatzki-Zahn 2006 NR; Dahl 2004 NR). However, from a
“preventive” perspective, the critical aspect is that the effect of the intervention is sufficient to
modify sensitisation and hence longer-term outcomes; the timing and duration for specific
interventions still require clarification.

Table 1.4 | Definitions of pre-emptive and preventive analgesia

Pre-emptive  Preoperative treatment is more effective than the identical treatment

analgesia administered after incision or during surgery. The key clarification point is
the timing of administration “pre” insult/surgery. A treatment given pre-
emptively can also be preventive if it satisfies the below definition.
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Preventive Postoperative pain and/or analgesic consumption is reduced relative to

analgesia another treatment, a placebo treatment or no treatment with the effect
observed at a point in time beyond the expected duration of action of the
intervention (eg 5.5 half-lives of the medicine). The intervention may or may
not be initiated before surgery.

Sources: Moiniche 2002; Katz 2002; Katz 2011; Rosero 2014b

1.5.1 | Pre-emptive analgesia

The benefits of pre-emptive analgesia have been questioned (Katz 2008b Levell, 27 RCTs,
n unspecified; Moiniche 2002 Level I, 80 RCTs, n=3,761; Dahl 2004 NR). However, one meta-analysis
provided support for pre-emptive analgesia (Ong 2005 Level I, 66 RCTs, n=3,261). The efficacy of
different pre-emptive analgesic interventions (epidural analgesia, local anaesthetic wound
infiltration, systemic NMDA antagonists, systemic opioids and systemic NSAIDs) was analysed in
relation to different analgesic outcomes (pain intensity scores, supplemental analgesic
consumption, time to first analgesic). The effect size is most marked for epidural analgesia, with
improvements found in all outcomes (13 RCTs, n=653) (overall effect size 0.38; 95%Cl 0.28 to 0.47).
Pre-emptive effects of local anaesthetic wound infiltration and NSAID administration were also
suggested but reanalysis is required as one of the positive studies for each of these treatments
has subsequently been withdrawn (White 2011 NR). As a result of this withdrawal, evidence
supporting the pre-emptive effects of nonselective NSAIDS (nsNSAIDs) and COX-2 inhibitors is
equivocal (White 2009 NR). Reductions in analgesic consumption ranged from 44-58%, which the
authors regarded as clinically significant, but associated changes in adverse effects were not
analysed. Pain score results were equivocal for systemic NMDA antagonists (effect size [ES] 0.00;
95%Cl -0.19 to 0.20) (7 RCTs, n=418) and there was no clear evidence for a pre-emptive effect of
opioids (ES -0.24; 95%CI -0.46 to -0.01) (7 RCTs, n=324).

Following thoracotomy, pre-emptive thoracic epidural analgesia (local anaesthetic + opioid
prior to surgery) reduces the severity of acute pain on coughing for up to 48 h, with a marginal
effect on pain at rest compared with the same therapy initiated postoperatively (Bong 2005
Level I, 6 RCTs, n=458). Acute pain intensity was a predictor of chronic pain at 6 mth in two studies
but there was no statistically significant difference in the incidence of chronic pain between the
pre-emptive epidural (39.6%) vs control epidural (48.6%) groups. Pre-emptive analgesia with
epidural use in thoracotomy identified lower postoperative pain scores, reduced pro-
inflammatory biomarkers and shortened hospital LOS (Yang 2015 Level II, n=90, JS 3).

In single-stage TKA, pre-emptive epidural analgesia was associated with lower postoperative
pain scores, fewer days with pain following surgery (mean + SD 64.3 d + 21.3 vs 142.4 d + 80.0)
and less CPSP at 3 mth (24 vs 56.5%) (Rao 2020 Level I, n=50, JS 3); there were no differences in
morphine consumption or LOS.

A Cochrane review investigated opioids commenced prior to incision compared to those
commenced following incision; this review uses the term “preventive” to indicate the continued
use of opioids into the postoperative period and so its findings are actually more in line with the
above definition of “pre-emptive” (Doleman 2018 Level I [Cochrane], 20 RCTs, n=1,343). There were
no differences in 6 h or 24 to 48 h pain score outcomes, but a small reduction was found in 24 h
morphine consumption in the pre-incision group (MD -4.9 mg; 95%Cl -9.4 to -0.4).

Across a range of procedures, IV paracetamol given before incision is more effective than
post incision in reducing pain at 1 h (MD -0.50/10; 95%Cl -0.98 to -0.02) and 2 h (MD -0.34/10;
95%Cl - 0.67 to -0.01), 24 h opioid consumption (SMD 0.52; 95%Cl -0.98 to -0.06) and
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postoperative vomiting (RR 0.50; 95%Cl 0.31 to 0.83) (Doleman 2015 Level | [PRISMA], 7 RCTs,
n=544). |V paracetamol reduces PONV when administered before recovery from anaesthesia
(Apfel 2013 Level | [PRISMA], 30 RCTs, n=2,364). This effect is correlated to pain relief achieved but
not to reduced opioid consumption.

In total abdominal hysterectomy, gabapentin given only prior to surgery compared to
gabapentin given pre- and postoperatively found both interventions decreased 24 h morphine
requirements compared to placebo (preoperatively only SMD -0.69; 95%Cl -1.20 to-0.07; pre and
postoperatively -1.45; 95% Cl -1.79 to -1.11) (Alayed 2014 Level I SR, 14 RCTs, n=891); the effect of
gabapentin in reducing morphine consumption was stronger in the preoperative only group than
in the preoperative and postoperative group. The design of the studies in this meta-analysis did
not allow for evaluation of a true pre-emptive effect because all active treatments were given
preoperatively.

Dexketoprofen administered 30 min pre- vs 10 min post-incision in patients having abdominal
hysterectomy resulted in lower pain scores for up to 4 h postoperatively and reduced morphine
consumption for up to 24 h (Gelir 2016 Level Il, n=50, JS 3); all patients received intraoperative
ketamine infusions and there was no difference in time to first analgesic request.

A combination of paracetamol, ketoprofen and pregabalin administered 4 h pre-surgery vs
control, with all drugs being then given to both groups post-incision for at least 48 h, resulted in
improved pain scores for up to 48 h and reduced PCA opioid requirements (Raja 2019 Level I,
n=97, IS 4).

The reason for there being a limited number of valid clinical studies investigating ‘pre-
emptive’ analgesia is that investigators often fail to compare the same technique pre- and post-
incision or they apply the intervention after sensitisation has occurred eg in trauma or injury.
The variability in clinical trial design coupled with the complexity of clinical pain management
means that, with the exception of epidural analgesia, benefits remain unclear regarding pre-
emptive analgesia in a clinical setting.

1.5.2 | Preventive analgesia

A true preventive analgesic effect needs to be assessed many days or even months after the
analgesic intervention has ceased. A large number of studies published use the term ‘preventive’
where the investigation often simply compares the addition of a preoperative dose of an
analgesic to a preoperative placebo (possibly continuing the medications postoperatively) with
analgesic outcomes assessed for a relatively short period — this is not ‘preventive’ in the
neurophysiological sense and such studies are not discussed here.

A systematic review analysed dichotomous trial outcomes (overall positive or negative
outcomes) (Katz 2008b Levell, 39 RCTs, n unspecified) and identified overall beneficial acute
preventive effects following the use of a range of different medicines (28 positive RCTs, 11 negative
RCTs). Again, results of this meta-analysis might be affected by the subsequent withdrawal of
some of the studies included (White 2011 NR). The methodology was unable to identify specific
therapeutic techniques that may be of benefit.

The use of local anaesthetics (neuraxial, perineural or systemic) demonstrates a preventive
analgesic effect in the perioperative period whether given pre- or postincision (Weinstein 2018
Level | (Cochrane), 63 RCTs, n=3,027; Barreveld 2013 Level I, 89 RCTs, n unspecified). Meta-analysis on
the prevention of CPSP by regional anaesthesia found benefits for three procedure types:
thoracotomy, breast cancer surgery and Caesarean section (Weinstein 2018 Level | (Cochrane),
63 RCTs, n=3,027). IV lidocaine versus placebo provides a significant benefit in prevention of CPSP
at 3 mth across a range of surgeries (Bailey 2018 Level I, 6 RCTs, n=420) (2 RCTs overlap with Weinstein
2018 Level | [Cochrane]) 2 RCTs, n=97 [IV lidocaine]) (see Section 1.4 for details).
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Activation of the NMDA receptor plays an important role in central sensitisation and many
studies have focussed on the ability of NMDA-receptor antagonists to produce pre-emptive or
preventive analgesic effects. A medicine which, when used perioperatively, reduces CPSP has by
definition a preventive analgesic effect (see Section 1.4). The preventive effects of perioperative
ketamine, dextromethorphan and magnesium on CPSP are described in Sections 1.4 and 4.6.
Analgesic benefit is seen in the acute postoperative period with ketamine following a range of
doses, timings and procedures (Laskowski 2011 Level I [PRISMA], 70 RCTS, n=4,701) supported by a
network meta-analysis investigating multiple pharmacological interventions to reduce CPSP
which identified ketamine as the highest ranked in terms of efficacy and safety (Ning 2018 Level |
[NMA], 24 RCTs, n unspecified) (see also Section 4.6.1). However, in the immediate postoperative
period, it is difficult to separate persistence of direct pharmacological effects from preventive
actions, as many studies continued treatment for over 24 h. Expanding potential indications for
ketamine in depression have led to exploration of its potential ‘metaplastic’ effects on synaptic
transmission whereby a brief exposure may result in persisting changes in neuronal long term
potentiation (lzumi 2014 BS); this may explain in part its effect in CPSP.

The alpha-2-delta ligands, gabapentin and pregabalin, reduce opioid requirements and
improve analgesia when given perioperatively (see Section 4.8). However, even though some of
these studies used only single-dose therapy, the range of doses, duration of follow-up and long
half-life of gabapentin (6 to 7 h) means that an early preventive benefit is difficult to discern from
a direct pharmacological effect. Longer term preventive effects on CPSP are discussed in
Sections 1.4 and 4.8.

In a study of multimodal epidural analgesia (local anaesthetic, opioid, ketamine and
clonidine) in four groups of patients having colonic resection, a clear preventive effect on the
development of residual pain up to 1 y after surgery was demonstrated with continuous
perioperative epidural analgesia (Lavand'homme 2005 Level Il, n=85, IS 5). Residual pain at 1y was
lowest in patients who received intraoperative vs postoperative epidural analgesia. Epidural
analgesia commenced pre-incision versus post-incision for TKA resulted in less CPSP at 3 mth
(24 vs 56.5%) (Rao 2020 Level Il, n=50, JS 3) indicating a possible preventive effect (see Section
1.5.1 above for other details).

Epidural calcitonin, bupivacaine and fentanyl versus epidural bupivacaine and fentanyl alone
reduced phantom pain, allodynia and hyperalgesia at 6 and 12 mth following proximal or distal
amputation in the lower limb (Yousef 2017 Level I, n=60, JS 3).
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KEY MESSAGES

Pre-emptive analgesia

1. The timing of opioid administration (preincision rather than postincision) may reduce
further opioid consumption over 24 h, but has no effect on pain scores (N) (Level |
[Cochrane Review])

2. Pre-emptive use of paracetamol across a range of procedures reduces pain scores up
to 2 h, opioid consumption for up to 24 h and postoperative nausea and vomiting (N)
(Level I [PRISMA]).

3. Pre-emptive epidural analgesia has a significant effect on postoperative pain relief (S)
(Level I).

Preventive analgesia
4. Epidural, regional and systemic local anaesthetic administration shows preventive
analgesic effects in reducing chronic postsurgical pain (S) (Level | [Cochrane Review])

5. NMDA-receptor antagonists (ketamine) reduce the incidence of chronic postsurgical
pain in selected procedures (S) (Level | [Cochrane Review]).

The following tick box represents conclusions based on clinical experience and expert
opinion:

M In clinical trials assessing acute postoperative pain for many systemic medicines, the
range of doses administered, the variable durations of follow-up and variable half-lives
following infusion or repeated dosing means that “early” preventive effects, although
possible, are difficult to discern from persistence of direct pharmacological effects (U).
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1.6 | Adverse physiological and psychological effects of acute pain

1.6.1 | Acute pain and the injury response

Acute pain, and its associated injury and treatment, triggers a complex haemodynamic,
metabolic, neurohumoral, immune as well as somatosensory response (see Figure 1.2) (Manou-
Stathopoulou 2019 NR). Clinically, acute pain is commonly associated with actual tissue damage.
This tissue damage may be due to trauma or surgery. The complete physiological response to
the insult has a quantifiable molecular and cellular response. Importantly, this response is
generated in a range of anatomical compartments. These include rapid adaptations at the site
of injury, along ascending neuronal projections, within the spinal cord, at higher brain centres
and within distal organs. These disparate events are triggered by a coordinated array of
neuronal, autocrine and paracrine signalling events. Many of these events do not result in
nociceptive outcomes but may detrimentally impact an individual’s injury recovery or increase
risk of secondary complications. Importantly, all of these events can occur in a conscious
individual whose prior life experience may prime or protect them from the molecular
consequences and perception-processing of a painful response.

Figure 1.2 | The injury response

Triggers and Mediators Injury response
predisposing factors

Surgical trauma or Neural Pain experience,

injury primary and secondary
hyperalgesia (peripheral
and central sensitisation)

Preoperative pain Immune factors Inflammation
Proteins and other molecules: Haemodynamic
growth factors
eicosanoids
nitric oxide
others
Psychological factors Endocrine Catabolism
Social and Metabolic Physical deconditioning

environmental factors

Genetic factors Psychological effects
Anaesthesia and Other adaptations
analgesia, other systemic

medications

Source: Modified from NHMRC 1999.

It is difficult to separate the complex array of potential individual or interacting triggers
associated with pain from other aspects of the broader physiological response observed clinically
(see Figure 1.2). However, some data have been obtained with experimental pain in the absence
of injury. For example, electrical stimulation of the abdominal wall results in a painful experience
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(intensity 8/10) and an associated hormonal/metabolic response, which includes increased
levels of cortisol, catecholamines and glucagon, and a decrease in insulin sensitivity (Greisen 2001
Level Il EH). A systematic review of the effect of experimental pain on the autonomic nervous
system, assessed by heart rate variability, determined that experimental pain increases
baroreflex activity and decreases parasympathetic activity (Koenig 2014 Level IV EH SR, 20 studies,
n unspecified). Factors such as time of day, possibly owing to nociceptive control by diurnally
active hormones, contribute to reported differences in thermal pain (both cold and heat) (Aviram
2015 Level Il EH, n=48, JS 3). Some of these environmental conditioning factors may change the
perception rather than the nociceptive signal itself eg sleep deprivation in healthy controls
causes hyperalgesia which may be caused by a reduction in cortical cognitive or perceptual
mechanisms, rather than sensory nociceptive amplification (Odegard 2015 Level Il EH, n=33, JS 4).

Although acute pain is only one of the important triggers of the “injury response” (see
Figure 1.2), as the magnitude and duration of the response is related to the magnitude and
duration of the nociceptive stimulus, effective pharmacological pain relief may have a
significant impact on this response (Moselli 2011 Level I, n=35, JS 3), although this may be
variable (Fant 2013 Level I, n=26, JS 3; Liu 2008 NR; Carli 2008 NR). Beyond pharmacological
interventions, mere distraction of attention away from the pain protects against experimental
pain-induced changes in heart rate variability (Koenig 2014 Level IV EH SR, 20 studies,
n unspecified). Importantly, negative expectations in patients created by verbal suggestions can
lead to the "nocebo" response, defined as experiencing greater pain to the same nociceptive
stimulus (Petersen 2014 Level l11-1 EH SR [PRISMA], 10 studies, n=344).

As noted above, the release of systemic factors such as proinflammatory cytokines as a result
of pain and trauma associated with surgery or injury may contribute to multiple physiological
responses that hamper the recovery of a patient (Manou-Stathopoulou 2019 NR). Limiting these
effects by analgesic techniques may affect some surgical outcomes. A group of patients having
abdominal surgery were randomised to receive intraoperative epidural analgesia or IV opioid
analgesia, with both groups receiving postoperative epidural analgesia (Moselli 2011 Level Il, n=35,
JS 3). In the intraoperative epidural group, inflammatory markers were lower up to 24 h
postoperatively and minor complications were reduced in number (39 vs 76%), although there
was no difference in major complications or LOS. Postoperative ileus is attenuated in patients
receiving IV lidocaine infusions compared to saline in patients undergoing colonic surgery (Sun
2012 Level | [PRISMA], 21 RCTs, n=1,108; Vigneault 2011 Level | [PRISMA], 29 RCTs, n=1,754) (15 RCT
overlap). Analgesic and bowel motility benefits of lidocaine were more marked when
administered via the thoracic epidural route than by IV infusion (Kuo 2006 Level Il, n=60, JS 5);
however, both lidocaine groups were associated with reduced opioid consumption compared
with saline. The postoperative decreases in proinflammatory cytokines, such as interleukin (IL)-
6, IL-8 and IL-1RA (a competitive inhibitor of IL-1B), were associated with more rapid return of
bowel function following abdominal surgery. Ketamine, administered intraoperatively, is
associated with reduced IL-6 levels post operatively, suggesting an anti-inflammatory effect in
addition to analgesic benefits (Dale 2012 Level | [PRISMA], 6 RCTs, n=331).

In addition to the stress responses to surgery and analgesia, aberrant neuronal firing during
acute pain creates a state of altered cell function in nociceptive pathways. This may not be
perceived as pain by higher brain centres (eg under general anaesthesia) nor acknowledged
consciously by the individual. Cellular adaptations to acute nociceptive inputs in primary and
secondary fibres are well established to drive peripheral and central sensitisation (Baron 2013 NR;
von Hehn 2012 NR; Woolf 2011 NR; Kuner 2010 NR). Critically, these result in multiple changes to
gene transcription and protein translation (see also Section 1.1).
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1.6.2 | Adverse physiological effects

Clinically significant injury responses that are often associated with nociceptive stimuli trigger
diffuse physiological responses such as stress and inflammation, which leads to hyperalgesia,
hyperglycaemia, protein catabolism, increased free fatty acid levels (lipolysis) and changes in
water and electrolyte flux (Manou-Stathopoulou 2019 NR; Carli 2008 NR; Liu 2008 NR) (see Table 1.5).
In addition, increased sympathetic activity has diverse effects on the cardiovascular,
gastrointestinal and respiratory systems and on coagulation, endocrine, immune and
psychological function (Prabhakar 2014 NR; Cardinale 2011 NR; Blackburn 2011 NR).

Table 1.5 | Metabolic immunological and endocrine responses to injury

Endocrine Tcatabolic hormones ACTH, cortisol, ADH, growth hormone,
catecholamines, angiotensin I,
aldosterone, glucagons,

JAnabolic hormones Insulin, testosterone

Immune Mitochondrial initiation Alarmins (DAMP molecules)

Proinflammatory followed by IL-1, TNFa, IL-6, IL4, IL8, IL10
compensatory response Chemokines

Metabolic

Carbohydrate Hyperglycaemia, glucose Glycogenolysis, gluconeogenesis

intolerance, insulin resistance (cortisol, glucagon, growth hormone,
adrenaline, free fatty acids)
Insulin secretion/activation

Protein Muscle protein catabolism, Cortisol, adrenaline, glucagon, IL-1,

synthesis of acute phase proteins  IL-6, TNF

Lipid Lipolysis and oxidation Catecholamines, cortisol, glucagon,
growth hormone

Water and Retention of water and sodium, Catecholamine, aldosterone, ADH,

electrolyte excretion of potassium and cortisol, angiotensin Il, prostaglandins

flux functional ECF with shifts to ICF and other factors
Note: ACTH: adrenocorticotrophic hormone; ADH: antidiuretic hormone; DAMP: damage-associated

molecular pattern; ECF: extracellular fluid; ICF: intracellular fluid; IL: interleukin; TNF: tumour
necrosis factor.

Source: Modified from Manou-Stathopoulou 2019; NHMRC 1999.

1.6.3 | Pain and analgesia: effects on injury-induced organ dysfunction

Pain from injury activates a range of adverse physiological effects (Manou-Stathopoulou 2019 NR;
Prabhakar 2014 NR; Cardinale 2011 NR; Blackburn 2011 NR). Increased sympathetic efferent nerve
activity increases heart rate, contractility and blood pressure. As sympathetic activation
increases myocardial oxygen demand and reduces myocardial oxygen supply, the risk of cardiac
ischaemia, particularly in patients with pre-existing cardiac disease, is increased. Enhanced
sympathetic activity can also reduce gastrointestinal motility and contribute to ileus.
Perioperative neurocognitive disorders such as postoperative delirium are exacerbated by
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under-treated pain and associated factors such as stress and inflammation. In patients with
fractured neck of femur, delirium was associated with lack of analgesic use (Thompson 2018 Level
IV, n=688). In elderly patients, postoperative delirium is decreased with the use of multi-
component interventions, which include effective analgesia (Siddigi 2016 Level I [Cochrane], 39
RCTs, n=16,082).

Severe pain after upper abdominal and thoracic surgery contributes to an inability to cough
and a reduction in functional residual capacity, resulting in atelectasis and ventilation-perfusion
abnormalities, hypoxaemia and an increased incidence of pulmonary complications. The injury
response also contributes to a suppression of cellular and humoral immune function and a
hypercoagulable state following surgery, both of which can contribute to postoperative
complications (Lord 2014 NR). Alterations to glucose metabolism and accelerated protein
breakdown also contribute to the injury response. These factors need to be considered when
evaluating analgesic interventions. Patients at greatest risk of adverse outcomes from unrelieved
acute pain include very young or elderly patients, those with concurrent medical ilinesses and
those undergoing major surgery (Liu 2008 NR). Analgesic technique may reduce adverse
physiological impact and improve surgical outcomes. Often a multimodal approach to
anaesthesia, pain management, the surgical stress response and perioperative care is
undertaken, making it difficult to separate individual factors involved in outcome; especially with
multifaceted strategies such as with enhanced recovery after surgery (ERAS) protocols (Kehlet
2018 NR). The influence of epidural anaesthesia and analgesia on outcome has been evaluated
(Popping 2014 Level I [PRISMA], 125 RCTs, n=9,044) (see also Section 5.6).

There is also limited evidence that stress and opioid analgesia in some circumstances may
inhibit immune function, promoting tumour growth or metastasis. Regional anaesthetic and
opioid-sparing analgesic techniques might have a beneficial effect on rates of cancer recurrence
after tumour resection but overall study results are still unclear (Meserve 2014 NR; Colvin 2012 NR).

KEY MESSAGES

1. Recognition of the importance of postoperative rehabilitation including
pharmacological, physical, psychological and nutritional components has led to
enhanced recovery (U) (Level | [PRISMA]).

The following tick box represents conclusions based on clinical experience and expert
opinion:

M Acute pain and injury of various types are inevitably interrelated and, if severe and
prolonged, the injury response becomes counterproductive and can have adverse
effects on outcome (U).

1.6.4 | Adverse psychological effects

Psychological changes associated with acute pain have received less clinical attention than those
associated with chronic pain, however they have been well-studied in experimental contexts,
especially regarding interference with attention and cognitive processes such as learning and
memory. Clinically, sustained acute nociceptive input, as often occurs after surgery, trauma or
burns, can also have a major influence on psychological function, which may in turn increase the
risk of progression to chronic pain (Glare 2019 NR). In addition, pre-operative psychological
characteristics, in concert with other factors (eg genetic factors and pre-operative pain), have
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also been found predictive of adverse reactions to postoperative pain (Yang 2019 Level 11I-2 SR, 33
studies, n=53,362; Lindberg 2017 Level IV, n=188; Schug 2017 NR).

Failure to relieve acute pain may result in increasing anxiety, inability to sleep,
demoralisation, a feeling of helplessness, loss of control, and an inability to think and interact
with others; in the most extreme situations, where patients can no longer communicate,
effectively they have lost their autonomy (VanDenKerkhof 2012b Level IV, n=76; Cousins 2004 NR).
In turn, these psychological responses in the acute phase may be major determinants of
progression to chronic pain conditions, such as chronic postsurgical pain (CPSP), typically in
combination with other known risk factors (Jenewein 2009 Level llI-2, n=90; Williamson 2009 Level
1I-2, n=1,290; Schug 2017 NR; Young Casey 2008 NR). In breast cancer surgery patients, anxiety
and low psychological robustness (positive affect and dispositional optimism) emerged as
significant predictors of acute pain with distress being the strongest predictor of chronic pain
(McCowat 2019 Level IV SR, 12 studies, n=3,452). However, the relationship between depression
and CPSP was uncertain

In acute pain, attention has also focussed on perioperative neurocognitive disorders (PND),
including delirium and the research outcome of postoperative cognitive dysfunction (POCD).
Both pain itself and analgesic drugs can exacerbate PND, especially delirium (Scottish
Intercollegiate Guidelines Network 2019 GL). Although the aetiology of PND (and POCD) is unclear,
factors include dysregulation of cerebral neurotransmitters, patient factors (age, preoperative
cognitive function), and perioperative pharmacological therapy (Evered 2018 NR).
Neurotransmitters involved in PND include acetylcholine and serotonin, especially in the elderly
(Inouye 2014 NR); hence analgesics and adjuvants with anticholinergic or sedative effects should
be avoided where possible in at-risk patients (Scottish Intercollegiate Guidelines Network 2019 GL;
American Geriatrics Society 2015 GL). Effective non-opioid-based acute pain management in older
patients helps reduce delirium (Scottish Intercollegiate Guidelines Network 2019 GL; Mahanna-Gabrielli
2019 NR) (see also Sections 1.2, 1.4, 9.2).

KEY MESSAGES

1. Postoperative delirium is exacerbated by unrelieved acute pain and by overuse of
sedating analgesics, in particular opioids (N) (Level IV).

The following tick box represents conclusions based on clinical experience and expert
opinion:

M Failure to relieve acute pain can lead to psychological distress (N).
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1.7 | Genetics and acute pain

An increasing number of genetic variants modulating nociception, susceptibility to pain
conditions, as well as response to pharmacotherapy are being discovered.

Pharmacogenomics deals with the influence of variations in the human genome on response
(both beneficial and undesirable) to medicines in patients. By correlating gene alterations with a
medicine's efficacy or toxicity, it is possible to gain a better understanding of the causes of
interpatient variability in response to a specific medicine and so to develop a rational means to
optimise pharmacological therapy with respect to the patient’s genotype and ensure maximum
efficacy with minimal adverse effects. For example, genetic factors regulating opioid
pharmacokinetics (metabolising enzymes, transporters) and pharmacodynamics (receptors and
signal transduction elements, ion channels, enzymes) contribute to the large interpatient
variability in postoperative opioid requirements (De Gregori 2016 NR; Trescot 2014 NR). Information
from genotyping may help in selecting the analgesic medicine and the dosing regimen for an
individual patient (Packiasabapathy 2018 NR; Allegri 2010 NR; Lotsch 2006 NR). Nevertheless, given
the complexity of pain pathways, in very few cases is a single gene variant contributing
substantially to response variability, but rather there are a large number of small contributions
from multiple genes.

Although there is increasing information from studies, often small numbers of subjects are
involved and therefore translation into clinical practice is still limited (Trescot 2014 NR; Stamer
2007b NR). Nevertheless, some preliminary estimates for dose adaptations are possible (Allegri
2010 NR; Lotsch 2006 NR). Importantly however, genetic factors must be considered within the
context of the multiple interacting physiological, psychological, age-related, cultural, ethnic and
environmental factors that influence individual responses to pain and analgesia (Sadhasivam 2014
NR; Searle 2009a NR; Kim 2009 NR).

1.7.1 | Single gene pain disorders

A number of rare pain-related conditions have been identified through family linkage mapping,
which are due to single gene mutations (Mendelian gene).

Recognised hereditary syndromes associated with reduced pain sensation include the

following.

e Channelopathy-associated insensitivity to pain (CAIP) is caused by variants in the SCN9A
gene, which codes for the alpha-subunit of the voltage-gated sodium channel Nav1.7. Na,1.7
is located in peripheral (dorsal root and sympathetic ganglion) neurones and plays an
important role in action potential generation in these cells. Mutations that result in loss of
Nav1.7 function cause affected individuals to be unable to feel physical pain (Bennett 2014
NR). Patients with a single-nucleotide polymorphism (SNP) in SCN9A (3312T; 5.5%
frequency) had lower postoperative pain sensitivity after pancreatectomy, lower PCA
requirements and a lower likelihood of developing inadequate analgesia than those carrying
the 3312G allele (OR 0.10; 95%CI 0.01 to 0.76) (Duan 2013 Level lll-2, n=200).

e Hereditary sensory and autonomic neuropathy (HSAN) |-V syndromes are associated
with a range of genetic abnormalities and produce varying patterns of sensory
and autonomic dysfunction and peripheral neuropathy (NTRK1 gene) (Vetter 2017 NR;
Auer-Grumbach 2013 NR; Mogil 2012 NR). These syndromes present as various
combinations of loss or reduced sensitivity to pain accompanied by other autonomic
and sensory deficits. HSAN type IV is also known as congenital insensitivity to pain with
anhydrosis (CIPA).
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Recognised hereditary syndromes associated with increased pain sensation include (Mogil
2012 NR):

e Erythromelalgia and paroxysmal extreme pain disorder, also known as familial rectal
disorder, both of which are due to different gain-of-function mutations of sodium channel
Nav1.7 (SCN9A) (Dabby 2012 NR);

e Familial hemiplegic migraine;

e Hereditary neuralgic amyotrophy;

e Hereditary pancreatitis (Rebours 2012 NR).

1.7.2 | Genetic influences on sensitivity to pain

Apart from these rare Mendelian inherited conditions, “pain sensitivity” variability is thought to
vary up to 50% in the general population due to genetic differences, with environmental
influences responsible for the remainder of variability (Norbury 2007 Level IV, n=196). Twin studies
have helped identify inheritable traits for development of back pain, postherpetic neuralgia,
fibromyalgia and other common painful conditions (Mogil 2012 NR).

While several hundred genes have been identified as associated with pain expression in mice,
they are not necessarily relevant to humans (LaCroix-Fralish 2011 SR BS) and have been studied in
chronic and not acute pain (Kringel 2018 Level IV; Zorina-Lichtenwalter 2016 NR). Evidence for a
genetic association with more common pain conditions has come from association studies,
which require large cohorts (Mogil 2012 NR). Studies often suffer from low sample sizes and the
restricted number of potential genotype variants studied. Many findings of an association of a
particular gene allele with pain sensitivity have not been replicated in subsequent studies, so
caution is needed in this area.

Many genetic variants have been associated with pain sensitivity (Crist 2014 NR); the most
commonly studied genes include:

e Mu opioid receptor (OPRM1);

¢ Catechol-O-methyltransferase (COMT);

e Guanosine triphosphate cyclohydrolase 1;

e Transient receptor potential (TRPV1);

e Melanocortin-1 receptor (MCI1R).

Other gene variants that have been associated with alterations in pain sensitivity in acute
pain states include ADRB2, HTR2A, ILIRN, KCNJ6, MAOA and MAOB (Mogil 2012 NR), P2RX7
(Kambur 2018 Level 11I-2, n=3,847) and TAOK3 (Cook-Sather 2014 Level lll-2, n=617). Often studies have
addressed postoperative analgesic requirements as the index of pain sensitivity rather than use
of experimental pain models.

1.7.2.1 | OPRM1

A variant of the gene encoding the mu opioid receptor OPRM1, A118G SNP, was targeted as a
very promising candidate for modulation of analgesia and has been the most studied variant
(Crist 2014 NR).

Overall findings on the effects of this SNP remain contradictory (Crist 2014 NR). In a random-
effects meta-analysis in the postoperative setting, OPRM1 118G-allele carriers have higher mean
opioid requirements than OPRM1 118AA homozygotes (SMD -0.18; p=0.003) (Hwang 2014 Level
1lI-2 SR, 18 studies, n=4,607). These findings were robust in a subgroup analysis of Asian patients,
whose frequency of the G variant is about 40% compared to about 15% for Caucasians (SMD -
0.21; p=0.001), morphine users (SMD -0.29; p<0.001) and patients after bowel surgery (SMD -
0.20; p=0.008). A preceding systematic review found a similar but smaller effect (SMD 0.096;

5th Edition | Acute Pain Management: Scientific Evidence



1.0 | PHYSIOLOGY AND PSYCHOLOGY OF ACUTE PAIN

95%Cl 0.025 to 0.167) of OPRM1 118G with increased opioid requirements in the perioperative
and postoperative period (Walter 2013 Level 11I-2 SR, 14 studies, n=3,346); there was no significant
association of OPRM1 118G with opioid requirements, when using the random-effects
environment (Cohen’s d 0.044; 95%CI -0.113 to 0.202). A positive finding was obtained in 1,000
women undergoing breast cancer surgery in which the GG cohort required about 33% more
oxycodone than the AA cohort (Cajanus 2014 Level 1lI-2 SR, n=1,000). For epidural analgesia using
fentanyl during labour however, G-allele (AG+GG) carriers of the OPRM1 118 polymorphism
required lower (not higher) fentanyl doses to achieve adequate pain relief compared to those
with the AA homozygote (SMD -0.24; 95%Cl -0.44 to -0.03) (Song 2013 Level llI-2 SR, 6 studies,
n=838). OPRM1 304A/G polymorphism did not influence the duration of effect or the
requirement for breakthrough analgesia after intrathecal (IT) opioid administration for labour
pain (Wong 2010 Level IlI-2, n=293). There was also no effect of A118G mu-opioid receptor
polymorphism on duration of analgesia found in a subsequent study, but patients of
Hispanic/African origin had increased duration of analgesia and pruritus vs Jewish/Arabic
patients in labour (Ginosar 2013 Level llI-2, n=125).

OPRM1 A118G seems to modulate effects of opioids given in experimental pain; in the clinical
setting it has limited impact with no clinical relevance in Caucasians, but explains increased
opioid requirements in Asians. Studies that assessed different haplotypes of the OPRM1 and
combinations of genetic variants, eg OPRM1, COMT and ESR1, found greater predictability
suggesting more complexity (De Gregori 2016 Level 11I-2, n=201; Reyes-Gibby 2007 Level lll-2, n=207;
Mura 2013 NR). Overall OPRM1 118 polymorphisms may be too complex to be used as a predictive
tool for individual opioid dosing (Mogil 2012 NR).

1.7.2.2 | COMT

COMT metabolises noradrenaline, adrenaline, and dopamine and has been implicated in the
modulation of pain. COMT inhibition or low activity via genetic polymorphisms may lead to
increased pain sensitivity via beta-adrenergic receptor-dependent mechanisms (Nackley
2007 NR). Haplotypes with high COMT activity are associated with low pain sensitivity to
mechanical and thermal stimuli (Diatchenko 2005 NR). The Val158Met polymorphism influences
the activity of the COMT enzyme with the Met158 allele associated with low COMT activity and
increased pain sensitivity (Vuilleumier 2012 NR), leading to greater morphine requirements post-
surgery in adults (Dai 2010 Level IV, n=69) and children (Sadhasivam 2014 Level IV, n=149).

A large study undertaken to address influence of COMT polymorphism on postoperative pain
in a homogenous ethnic sample of 1,000 women having breast surgery showed no association
with any COMT polymorphism and postoperative oxycodone requirements (Kambur 2013 Level lll-
2, n=1,000). Furthermore, the most studied COMT mutation, Val158Met, showed no association
with pain levels in these patients, but two previously unstudied mutations did. In contrast, in 152
patients undergoing nephrectomy, the 31 patients with Val/Val genotype consumed more IV
morphine than 61 Met/Met patients (36%; 95%Cl 31 to 41) (Candiotti 2014 Level Ill-2, n=152).
Combinations of several genetic mutations act together to determine pain sensitivity associated
with COMT (Smith 2014 Level 1lI-2, n=398). Similarly, genetic association studies using COMT
variants have also revealed conflicting results (Belfer 2011 NR).

1.7.2.3 | TRPA1

Emerging evidence suggests that epigenetic variations of the TRPA1 receptor may be responsible
for some of the genetically determined individual differences in pain sensitivity (Gombert 2017
Level llI-2 EH, n=75; Bell 2014 Level llI-2 EH, n=100).
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There is considerable complexity associated with genetic mutations influencing pain
sensitivity and much to be unravelled before clear evidenced-based conclusions can be drawn.

1.7.3 | Drug metabolism

Drug-metabolising enzymes represent a major target for identifying associations between an
individual's genetic profile and drug response (pharmacogenetics) (Trescot 2014 NR; Stamer 2007c
NR). The polymorphic cytochrome P450 enzymes metabolise most medicines and show
interindividual variability in their catalytic activity. There are 57 enzymes in this family of which
9 are clinically relevant to drug metabolism: CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9,
CYP2C19, CYP2D6, CYP2E1, and CYP3A4/3A5, all of which have different and often overlapping
activity. Medicines can be substrates, inhibitors or inducers of metabolism of analgesic
medications.

CYP2D6, CYP2C19, and CYP2C9 are highly polymorphic and are involved in approximately 40%
of CYP-mediated drug metabolism. Of these, CYP2D6 is the most relevant to analgesic
medications. Those who have the genetic variants resulting in poor metabolism by CYP2D6 are
likely to have more severe postoperative pain than those who have other variants (Yang 2012
Level 11I-2, n=236).

CYP2D6 gene influences the metabolism of many medications including codeine, tramadol,
oxycodone, hydrocodone, dextromethorphan, amitriptyline, nortriptyline, duloxetine,
metoclopramide and venlafaxine. Specifically, CYP2D6 metabolises codeine, dihydrocodeine,
hydrocodone, oxycodone and tramadol to their more potent hydroxyl metabolites, which have
a higher affinity for the mu receptor (Somogyi 2007 NR). For additional detail related to individual
opioids see Section 4.3.1.

Over 100 allelic variants of CYP2D6 have been identified, resulting in wide variability in
function. Individuals carrying two wild type alleles display normal enzyme activity and are known
as normal metabolisers; intermediate metabolisers are heterozygotes with one reduced function
and one nonfunctional allele; poor metabolisers have no functionally active alleles and have
minimal or no enzyme activity (Crews 2014 NR; Vuilleumier 2012 NR; Zhou 2009a NR; Zhou 2009b NR).
Ultrarapid metabolisers have multiple copies of the wildtype CYP2D6 alleles (Crews 2014 NR;
Vuilleumier 2012 NR; Stamer 2007b NR).

There are large interethnic differences in the frequencies of the variant alleles. For
example, in Caucasian populations, 8—10% of people are poor metabolisers and 1-3% are
ultrarapid metabolisers (Crews 2014 NR; Vuilleumier 2012 NR; Stamer 2007b NR). The proportion of
ultrarapid metabolisers is higher (up to 29%) in Middle Eastern and Northern African
populations and lower (0.5%) in Asian populations (Stamer 2007c NR). The proportion of poor
metabolisers is lower in Asian and African American populations (Zhou 2017 Level IV SR,
5 population-scale sequencing projects, n=56,945; Yee 2013 Level IV, n=75; Holmquist 2009 NR).

Other genetic factors indirectly affecting the metabolism or effect of analgesics are liver cell
transporter proteins: organic cation transporter (OCT1) (Fukuda 2013 Level llI-2, n=146); ABCC3
(Venkatasubramanian 2014 Level lll-2, n=220) and ATP-binding cassette subfamily member B1 (also
known as multidrug resistance protein [MDR]1 or p-glycoprotein) (Sadhasivam 2015 Level llI-2,
n=263). The latter affects efflux transport of morphine at the blood-brain barrier and thereby
cerebral pharmacokinetics.

Further considerations are the differential risk with genetic differences and varying
prevalence of racial/ethnic phenotypes (Anderson 2014 NR) and consequent variability in
sensitivity to efficacy and adverse effects (Jimenez 2012 Level llI-3, n=68; Fukuda 2013 Level IV, n=146;
Palada 2018 NR).
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1.7.3.1 | Codeine and CYP2D6

In children and adults receiving codeine for postoperative pain, very low or undetectable plasma
morphine levels have been noted in those with poor metaboliser or intermediate metaboliser
genotypes, but with variable impact on analgesia (Williams 2002 Level II, n=96, JS 3; Poulsen 1998
Level IV, n=81; Persson 1995 Level IV, n=11).

CYP2D6 genotypes predicting ultrarapid metabolism resulted in about 50% higher plasma
morphine and its glucuronides concentrations following oral codeine compared with the
extensive metaboliser (Kirchheiner 2007 Level IV). Both the impaired renal clearance of these
metabolites and genetic background (CYP2D6 ultrarapid metaboliser status) have been
implicated in reports of respiratory depression due to codeine in adults and children
(Friedrichsdorf 2013 Level IV; Kelly 2012 Level IV; Stamer 2007b Level IV). (See also Sections 4.3.1.3 and
10.4.4.5)

1.7.3.2 | Tramadol and CYP2D6

O-demethylation of tramadol by the enzyme CYP2D6 produces the active metabolite (+)-O-
demethyltramadol (M1), which has an affinity for mu-opioid receptors that is approximately 200
times higher than the parent drug (Lai 1996 BS). Poor metabolisers have significantly lower plasma
concentrations of M1 compared with both homozygous and heterozygous extensive
metabolisers (Fliegert 2005 Level Il, n=26, JS 2; Kirchheiner 2008 Level Ill-2, n=22; Stamer 2003 Level
13, n=300) and experience less analgesia (Stamer 2007a Level llI-3, n=174; Stamer 2003 Level III-3,
n=300). As with codeine, impaired renal clearance of metabolites and genetic background
(CYP2D6 ultrarapid metaboliser status) have been implicated in cases of respiratory depression
after tramadol (Desmeules 1996 Level I, n=10, JS 3; Stamer 2008 CR) (see also Section 4.3.1.3).

1.7.3.3 | Methadone

Genetic polymorphisms in genes coding for methadone-metabolising enzymes, transporter
proteins (p-glycoprotein) and mu-opioid receptors may explain part of the observed
interindividual variation in the pharmacokinetics and pharmacodynamics of methadone; blood
concentrations may vary up to 20-fold for a given dose (Somogyi 2014 NR; Li 2008 NR).

Methadone is metabolised primarily by CYP2B6 and to a minor extent by CYP3A4 (Kharasch
2017 NR; Kapur 2011 NR). Differing effects for isomers of methadone have also been reported;
genetic variability in CYP2B6 influenced (S)-methadone (less active isomer) and, to a lesser
extent, (R)-methadone (more active isomer) plasma concentrations (Somogyi 2014 NR). In
addition, genetic polymorphisms in CYP2C19 gene (responsible for a minor role in methadone
metabolism) have effects on methadone-maintenance dosing, (R)-methadone/methadone ratio
and cardiotoxicity of methadone (prolonged QT interval) (Wang 2013 NR) (see also Section
4.3.1.5).

1.7.3.4 | Oxycodone

Oxycodone is metabolised primarily to noroxycodone by CYP3A4 (=80%) and by CYP2D6 to
oxymorphone (Lalovic 2006 Level IV EH). The O-demethylated metabolite oxymorphone has up to
40-fold higher affinity for the mu receptor and eight-fold higher potency than oxycodone and
represents about 11% of its overall metabolism (Crews 2014 NR). Oxymorphone may contribute
significantly to the overall analgesic effect of oxycodone in experimental pain (Samer 2010 EH);
noroxycodone, the major metabolite, is only a weak mu-receptor agonist (Lalovic 2006 EH; Coluzzi
2005 NR).
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The dependence of oxymorphone concentrations on CYP2D6 activity and its high potency
explains why oxycodone’s pharmacodynamics and pharmacokinetics are dependent on CYP2D6
polymorphism (Soderberg Lofdal 2013 NR), at least in experimental pain (Samer 2010 EH).

However, in acute postoperative pain, CYP2D6 genotype had either no influence on
oxycodone requirements (Zwisler 2010 Level 11I-2, n=270) or a small difference in dosage that was
not gene-dose related (Stamer 2013 Level llI-2, n=121). Overall, the data on the association of
CYP2D6 pheno/genotype and oxycodone response in acute pain are unconvincing (Huddart 2018
NR) (see also Section 4.3.1.2).

1.7.3.5 | NSAIDs

Wide variability in gene expression and functional polymorphisms in the COX-2 gene (PTGS2)
may explain part of the interindividual variations in acute pain and the analgesic efficacy of
nsNSAIDs and coxibs; this may be useful to predict patient risk and benefit from medicines based
on individual genetic variations (Somogyi 2007 NR; Lee 2006 Level l11-2).

NSAIDs such as ibuprofen, diclofenac and celecoxib are metabolised by CYP2C9 (Rollason
2014 NR). Between 1 and 3% of Caucasians are poor metabolisers. Homozygous carriers of the
CYP2C9*3 allele may accumulate celecoxib and ibuprofen in blood and tissues and be at risk of
increased adverse effects (Kirchheiner 2003 Level 1lI-3, n=26; Kirchheiner 2002 Level IV; Rollason 2014
NR; Stamer 2007b NR), but this is unlikely to affect acute pain response.

KEY MESSAGES

1. CYP2D6 polymorphisms affect plasma concentrations of active metabolites of codeine,
oxycodone and tramadol with variable effects on analgesic efficacy (U) (Level Il).

2. The mu opioid receptor OPRM1 polymorphism is unlikely to be clinically relevant as a
single gene mutation in Caucasian populations and is more likely to be of clinical
relevance in Asian populations (U) (Level I1I-2 SR).

3. CYP2D6 ultrarapid metabolisers are at increased risk of codeine and tramadol toxicity
(U) (Level IV).

The following tick box represents conclusions based on clinical experience and expert
opinion:

M Genetic polymorphisms contribute to the wide interindividual variability in plasma
concentrations of a given dose of methadone (U).
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2.0 | Assessment and measurement of pain and pain treatment

Reliable and accurate assessment of acute pain is necessary to ensure safe and effective pain
management and to provide effective research outcome data. The assessment and
measurement of pain is fundamental to the process of assisting in the diagnosis of the cause of
a patient’s pain, selecting an appropriate analgesic therapy and evaluating then modifying that
therapy according to the individual patient’s response. Pain should be assessed within a
sociopsychobiomedical model that recognises that physiological, psychological and
environmental factors influence the overall pain experience. Likewise, the decision regarding the
appropriate intervention following assessment needs to be made with regard to a number of
factors, including recent therapy, potential risks and side effects, any management plan for the
particular patient and the patient’s own preferences. A given pain ‘rating’ should not
automatically trigger a specific intervention without such considerations being undertaken (van
Dijk 2012a Level IV, n=2,674; van Dijk 2012b Level IV, n=10,434). Care must be undertaken with pain
assessment to avoid the process of assessment itself acting as a nocebo (see Section 1.3).

2.1 | Assessment

The assessment of acute pain should include a thorough general medical history and physical
examination, a specific “pain history” (see Table 2.1) and an evaluation of associated functional
impairment (see Section 2.3). In acute pain management, assessment must be undertaken at
appropriate frequent intervals. At these times, evaluation of pain intensity, functional impact
and adverse effects of treatment must be undertaken and recorded using tools and scales that
are consistent, valid and reliable (Scott 2008 NR). In addition, pain assessment must lead to
changes in management and re-evaluation of the patient to ensure improvements in the quality
of care (Gordon 2005 GL).

Although not always possible in an acute setting, a complete pain history provides
important diagnostic information that may help distinguish different underlying pain states
such as nociceptive (somatic and visceral) or neuropathic pain (Victor 2008 Level I1l-2, n=823).
Somatic pain may be described as sharp, hot or stinging, is generally well localised and is
associated with local and surrounding tenderness. By contrast, visceral pain may be described
as dull, cramping or colicky, is often poorly localised and may be associated with tenderness
locally or in the area of referred pain, or with symptoms such as nausea, sweating and
cardiovascular changes (Scott 2008 NR).

While nociceptive pain typically predominates in the acute pain setting, neuropathic pain
may also be present (Guastella 2011 Level IV, n=54) (see also Section 1.1 and 8.1.4). Features in the
pain history that may suggest a diagnosis of neuropathic pain include (Dworkin 2007 Level llI-2,
n=618; Haanpaa 2011 GL; Gray 2008 NR):

¢ Clinical circumstances associated with a high risk of nerve injury (eg thoracic or chest wall

procedures, amputations or hernia repairs);

¢ Pain descriptors such as burning, shooting and stabbing;

¢ The paroxysmal or spontaneous nature of the pain which may have no clear precipitating

factors;

e The presence of dysaesthesias (spontaneous or evoked unpleasant abnormal sensations),

hyperalgesia (increased response to a normally painful stimulus), allodynia (pain due to a
stimulus that does not normally evoke pain such as light touch) or areas of hypoaesthesia;
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e Regional autonomic features (changes in colour, temperature and sweating) and
phantom phenomena.

The IASP definition of neuropathic pain is “pain caused by a lesion or disease of the
somatosensory system” (IASP 2019 GL; Jensen 2011 NR). This has been subdivided into ‘central’
and ‘peripheral’ neuropathic pain (IASP 2019 GL). Symptoms consistent with neuropathic pain
may occur without nerve injury (nociplastic pain) (IASP 2019 GL; Kosek 2016 NR). To determine
if pain is neuropathic, further quantitative sensory testing (QST) may be needed (Haanpaa 2011
GL; Garcia-Larrea 2012 NR).

It is useful to draw the distinction between the different types of pain because the likely
duration of the pain and the response to analgesic strategies may vary. The concept of
“mechanism-based pain diagnosis” has been promoted (Woolf 2001 NR) and although the
correlation between symptoms, mechanisms and response to therapy is not fully defined, specific
therapy targeted at, for example neuropathic pain, may be of benefit (Gray 2008 NR).

Table 2.1 | Fundamentals of a pain history (not necessarily applicable to all settings of acute pain)

1 Site of pain
a. primary location: description + body map diagram
b. radiation

2 Circumstances associated with pain onset
including details of trauma or surgical procedures

3 Character of pain
a. sensory descriptors eg sharp, throbbing, aching (Victor 2008)
b. McGill Pain Questionnaire: includes sensory and affective descriptors
(Melzack 1987)
c. neuropathic pain characteristics (eg NPQ; DN4; LANSS; PainDETECT; ID Pain)

4 Intensity of pain

a. atrest
b. on movement
c. temporal factors i duration

ii current pain, during last week, highest and lowest level
iii continuous or intermittent
d. aggravating or relieving factors

5 Associated symptoms (eg nausea)

6 Effect of pain on activities and sleep
a. Functional assessment tools
i Acute (eg Functional Activity Scale)
ii Recent (eg Brief Pain Inventory — Short Form (BPI-SF))

7 Treatment
a. current and previous medications — dose, frequency of use, efficacy, adverse effects
b. other treatment eg transcutaneous electrical nerve stimulation
c. health professionals consulted
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8 Relevant medical history
a. prior or coexisting pain conditions and treatment outcomes
b. prior or coexisting medical conditions

9 Factors influencing the patient’s symptomatic treatment
a. belief concerning the causes of pain
b. knowledge, expectations and preferences for pain management
c. expectations of outcome of pain treatment
d. reduction in pain required for patient satisfaction or to resume “reasonable activities”
e. typical coping response for stress or pain, including presence of anxiety or psychiatric
disorders (eg depression or psychosis)
f.  family/cultural expectations and beliefs about pain, stress and postoperative course

Notes:  NPQ - Neuropathic Pain Questionnaire; DN4 - Douleur Neuropathique en 4; LANSS - Leeds
Assessment of Neuropathic Symptoms and Signs.

2.2 | Measurement

The definition of pain underlies the complexity of its measurement. As described in Chapter 1,
pain is an individual and subjective experience modulated by physiological, psychological and
environmental factors such as previous events, culture, prognosis, coping strategies, fear and
anxiety. Therefore, most measures of pain are based on self-report. These measures lead to
sensitive and consistent results if administered properly (Moore 2003 NR). Self-report measures
may be influenced by mood, sleep disturbance and medications (Scott 2008 NR).

In some instances, it may not be possible to obtain reliable self-reports of pain eg patients
with impaired consciousness or cognitive impairment, young children (see Section 10.3), elderly
patients (see Section 9.2) or where there are failures of communication due to language
difficulties, inability to understand the measures, unwillingness to cooperate or severe anxiety.
In these circumstances, other methods of pain assessment will be needed.

There are no objective measures of “pain” but associated factors such as hyperalgesia
(eg mechanical withdrawal threshold), the stress response (eg plasma cortisol concentrations),
behavioural responses (eg facial expression), functional impairment (eg coughing, ambulation)
or physiological responses (egchanges in heart rate) may provide additional information.
Analgesic requirements (eg patient-controlled opioid doses delivered) are commonly used as
post hoc measures of pain experienced (Moore 2003 NR).

Regular and repeated measurements of pain and its impact should be made to assess ongoing
adequacy of analgesic therapy. An appropriate frequency of reassessment will be determined by
the duration and severity of the pain, patient needs and response, and the type of medicine or
intervention (Gordon 2005 GL). Such measurements should incorporate different components of
pain, and assessment for analgesic side effects, especially sedation (Macintyre 2011 NR). For
example, in the postoperative patient this should include assessments of static (rest) and
dynamic (on sitting, coughing or moving the affected part) pain. Whereas static measures may
relate to the patient’s ability to sleep, dynamic measures can provide a simple test for
mechanical hyperalgesia and determine whether analgesia is adequate for recovery of function
(Breivik 2008 NR).

Recording pain intensity as “the fifth vital sign” was a program advocated by the USA
Department of Veteran Affairs, which aimed to increase awareness and utilisation of pain
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assessment (Mularski 2006 Level 111-3, n=600), with the intention of leading to improved acute pain
management (Gould 1992 Level lll-3, n=2,035). However, an over-reliance on sometimes unrealistic
aims (such as “pain free”) and an excessive use of opioids is leading to a more moderate and
balanced approach to intervention (Levy 2018 NR).

Aiming to reduce suffering and improve function rather than targeting ‘zero pain’ is more in
keeping with patient expectations (Lee 2016 NR). In 2018, the USA Joint Commission (JCAHO)
implemented new and revised pain assessment and management standards for accredited
hospitals, emphasising patient engagement, multimodal therapy and improving pain assessment
by concentrating more on how pain affects patients’ physical function (JCAHO 2017 GL).

Uncontrollable or escalating pain should always trigger a reassessment of the diagnosis and
consideration of alternatives such as developing surgical or other complications, or the presence
of neuropathic pain. Review by an acute pain service (APS) or other specialist group should
be considered.

2.2.1 | Unidimensional measures of pain

A number of scales are available that measure either pain intensity or the degree of pain relief
following an intervention. Pain relief scales, although less commonly used, have some advantage
when comparing the response to different treatments as all patients start with the same baseline
“relief” score (zero), whereas they may have differing levels of baseline pain intensity (Breivik
2008 NR; Moore 2003 NR).

2.2.1.1 | Categorical scales

Categorical scales use words to describe the magnitude of pain or the degree of pain relief
(Moore 2003 NR). The verbal descriptor scale (VDS) is the most common example (eg using
terms such as none, mild, moderate, severe and excruciating or agonising) typically using four
or five graded descriptors.

These terms can then be converted to numeric scores (eg 0, 2, 5, 8, 10) for charting and easy
comparison over time. There is a good correlation between descriptive verbal categories and
visual analogue scales (VAS) (Banos 1989 Level llI-2, n=212), but the VDS is a less sensitive measure
of pain treatment outcome than the VAS (Jensen 2002 Level IV, n=247). Pain “relief” may also be
graded as none, mild, moderate or complete using a VDS.

Categorical scales have the advantage of being quick and simple and may be useful in the
elderly or visually impaired patient and in some children. However, the limited number of choices
in categorical compared with numerical scales may make it more difficult to detect differences
between treatments (Breivik 2000 Level I1I-2). Other limitations include personal, cultural or
linguistic differences in interpretation of the specific words chosen as descriptors both between
patients and between patients and their clinicians.

2.2.1.2 | Numerical rating scales

Numerical rating scales (NRS) have both written and verbal forms. Patients rate their pain
intensity on the scale of zero to ten where zero represents “no pain” and ten represents “worst
pain imaginable”. The Verbal NRS (VNRS) is typically administered using a phrase such as: “On a
scale of zero to ten, with zero being no pain at all and ten being the worst pain you could imagine,
where would you rate the pain you are experiencing right now?”. VNRS are often preferred
because they are simpler to administer, give consistent results and correlate well with the VAS
(Karcioglu 2018 Level I, 19 RCTs, n=853; Hjermstad 2011 Level IV SR, 54 studies, n unspecified; Safikhani
2018 NR). Recall of pain intensity using the VNRS over the previous 24 h was a reasonable
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indicator of average pain experienced by the patient during that time (Jensen 2008 Level 11I-2).
VNRS may reflect pain interference as well as pain intensity (Thong 2018 Level Ill-3, n=101; Jensen
2017 Level IV, n=807).

It is important that scales are consistent, and it is recommended that the “no pain” point be
represented as zero rather than one (Scott 2008 NR). Pain relief may be measured in the reverse
direction with zero representing “no relief” to ten representing “complete relief”. A visual form
of the 11-point NRS with tick marks on a line or boxes with numbers may also be used (Breivik
2008 NR). Although NRS are widely used, some patients have difficulty representing their pain in
numerical terms and are better suited to a categorical scale. A value of four or more is often used
as a threshold to guide clinical intervention (Hartrick 2003 Level IV, n=222).

2.2.1.3 | Visual analogue scales

Visual analogue scales (VAS) consist of a 100 mm horizontal line with verbal anchors at both ends
and no tick marks. The patient is asked to mark the line and the “score” is the distance in
millimetres from the left side of the scale to the mark. VAS are the most commonly used scales
for rating pain intensity in research, with the words “no pain” at the left end and “worst pain
imaginable” at the right. Pictorial versions also exist. VAS can also be used to measure other
aspects of the pain experience (eg affective components, patient satisfaction, adverse effects).

Assessment of pain immediately after surgery can be more difficult and lead to greater
interpatient variability in pain scores because of transient anaesthetic-related cognitive
impairment and decreases in visual acuity. A “pain meter” (PAULA), which used five coloured
emoticon faces on the front of a ruler and corresponding VAS scores on the back and allowed
patients to move a slider to mark the pain they were experiencing, resulted in less variance than
pain scores obtained from a standard VAS (Machata 2009 Level lll-2, n=48).

VAS ratings 270 mm are indicative of “severe pain” (Aubrun 2003 Level IV, n=3,045; Jensen 2003
Level IV, n=248) and 0-5 mm “no pain”, 5-44 mm “mild pain” and 45-69 “moderate pain” (Aubrun
2003 Level IV, n=3,045). A reduction in pain intensity by 30—-35% has been rated as clinically
meaningful by patients with postoperative pain (Cepeda 2003 Level IV, n=700; Jensen 2003 Level IV,
n=248), acute pain in the emergency department (ED) (Lee 2003 Level IV, n=143), breakthrough
cancer pain (Farrar 2000 Level IV, n=1,268 [episodes of breakthrough pain]) and chronic pain (Farrar
2001 Level IV, n=2,724).

These scales have the advantage of being simple and quick to use, allow for a wide choice of
ratings and avoid imprecise descriptive terms (Scott 2008 NR). However, the scales require
concentration and coordination, need physical devices, are unsuitable for children aged <5y and
may be unsuitable in up to 26% of adult patients (Cook 1999 NR).

The VAS has been shown to be a linear scale for patients with postoperative pain of mild to
moderate intensity (Myles 1999 Level IV, n=52) and severe pain (Myles 2005 Level IV, n=22).
Therefore, results are equally distributed across the scale, such that the difference in pain
between each successive increment is equal.

2.2.2 | Functional impact of acute pain

Analgesia should be titrated to achieve both decreased pain intensity and the ability to
undertake appropriate functional activity (Breivik 2008 NR). This will enable analgesia to optimise
recovery. Most tools for measuring the functional impact of pain are based on chronic pain
assessment and therefore are not routinely applicable to the acute pain environment.
Measurement of pain intensity scores on movement or with coughing is a useful guide;
however, this reflects the subjective pain experience and not the capacity to undertake the
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specific activity. The Functional Activity Scale (FAS) score is a simple three-level ranked
categorical score designed to be applied at the point of care (Scott 2008 NR). Its fundamental
purpose is to assess whether the patient can undertake appropriate activity at their current level
of pain control and to act as a trigger for intervention should this not be the case. The patient is
asked to perform the activity or is taken through the activity in the case of structured
physiotherapy (eg joint mobilisation) or nurse-assisted care (eg ambulation, turned in bed). The
ability to complete the activity is then assessed using the FAS as:

A — no limitation the patient is able to undertake the activity without limitation
due to pain (pain intensity score is typically zero to three);

B — mild limitation the patient is able to undertake the activity but experiences
moderate to severe pain (pain intensity score is typically four to
ten); and

C — significant limitation  the patientis unable to complete the activity due to pain, or pain
treatment-related adverse effects, independent of pain
intensity scores.

This score is then used to track effectiveness of analgesia on function and trigger
interventions if required. Disadvantages of the FAS score are that it has not been independently
validated and clinical staff need to be educated in its application.

A four-level scale (no interference, interference with some vs most activities vs unable to do
any activity) has been evaluated against NRS in a pilot study and identified a correlation with NRS
in cognitively intact but not impaired patients (Halm 2019 Level lll-2, n=68).

2.2.3 | Multidimensional measures of pain

Rather than assessing only pain intensity, multidimensional tools provide further information
about the characteristics of the pain and its impact on the individual. Examples include the Brief
Pain Inventory (BPI), which assesses pain intensity and associated disability (Daut 1983 Level IV),
and the McGill Pain Questionnaire (MPQ), which assesses the sensory, affective and evaluative
dimensions of pain (Melzack 1987 NR). The MPQ also exists in a 15-item short-form (SF-MPQ),
which is well validated and has a VAS item for pain intensity and a VRS for rating the overall pain
experience. The role of the McGill Pain questionnaire (and its Short Form variants) has been
reviewed; with a conclusion that, while still useful, it provides little information regarding
mechanism, nor the broader social and functional impact of the pain and so should not be used
as a single measure to guide research or therapy (Main 2016 NR) . The BPI also exists in a short
form (BPI-SF and -SF2) which includes functional impact of the pain over the previous 24 h
(Dworkin 2009 Level IV, n=1,008).

2.2.3.1 | Neuropathic Pain

Neuropathic pain is not easily identified using unidimensional tools such as the VAS (Haanpaa
2011 GL). Specific scales have been developed that identify (and/or quantify) descriptive factors
specific for neuropathic pain (Dworkin 2007 Level 1ll-2, n=618; Bouhassira 2005 Level llI-2, n=160;
Bouhassira 2004 Level IV, n=176; Cruccu 2004 GL; Freynhagen 2006 NR) and may also include sensory
examination (Bouhassira 2005 Level llI-2, n=160; Cruccu 2004 GL) and allow evaluation of response
to treatment (Bouhassira 2004 Level IV, n=176).
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Screening tools in common use for identifying neuropathic pain include:

¢ Leeds Assessment of Neuropathic Symptoms and Signs (LANSS) has five symptom items
and two clinical assessment items — a subjective-only form also exists (Bennett 2001 Level
11I-3, n=100);

¢ Douleur Neuropathique en 4 (DN4) has ten items — seven symptomatic and three from
clinical examination (Bouhassira 2005 Level llI-3, n=160);

e Pain DETECT has nine self-reported items that do not require a clinical examination and
gives a likelihood scoring for neuropathic pain (Freynhagen 2006 NR); its use has been
reviewed in over 300,000 patients (Freynhagen 2016 NR)

¢ Neuropathic Pain Questionnaire (NPQ) comprises twelve items and can be self-reported
- a three-item short-form also exists (Krause 2003 Level Ill-2, n=528; Backonja 2003 NR);

e ID Pain has six self-reported items (Portenoy 2006 Level IV, n=586).

These scales have similar specificity and sensitivity (except for the ID Pain, which has lower
values than the others), have mostly been validated and are often available in validated
translations in many languages (Haanpaa 2011 GL). In assessing the criterion validity and reliability
of the above screening questionnaires, the DN4 and NPQ were found to be most suitable for
clinical use overall, noting that cross-cultural adaptations had less evidence than the original
versions (Mathieson 2015 Level IV SR, 37 studies, n unspecified).

Clinical questionnaires for neuropathic pain show that subjective pain assessments are
essential for diagnosis and assessment of neuropathic pain, with screening questionnaires being
effective at leading to more formal diagnosis (aided by assessment questionnaires), and also are
valuable in research (Attal 2018 NR).

2.2.3.2 | Global scales and satisfaction

Global scales are designed to measure the effectiveness of overall treatment (see Section 2.3.1).
They are more suited to outcome evaluation at the end of treatment than to modifying
treatment in the acute stage (Moore 2003 NR). Questions such as “How effective do you think the
treatment was?” recognise that unimodal measures of pain intensity cannot adequately
represent all aspects of pain perception.

Satisfaction is often used as a global indicator of outcome; however, patients may report high
levels of satisfaction even if they have moderate to severe acute pain (Svensson 2001 Level IV,
n=191). Satisfaction may also be influenced by preoperative expectations of pain, effectiveness
of pain relief, the patient—provider relationship (eg communication by medical and nursing staff),
interference with function due to pain and number of opioid-related adverse effects (Jensen 2004
Level IV, n=191; Carlson 2003 Level IV, n=787; Svensson 2001 Level IV, n=191). Although complete
absence of pain is not required for patients to report high levels of satisfaction, moderate pain
(VAS >50/100) has been associated with dissatisfaction (Jensen 2005 Level lll-2, n=207).

2.2.4 | Patients with special needs

Validated tools are available for measuring pain in neonates, infants and children but must be
both age and developmentally appropriate (see Section 10.3). These include behavioural
assessments, pictorial scales (eg faces) and response to treatment. Adult patients who have
difficulty communicating their pain (eg patients with cognitive impairment or who are critically
unwell in the ED or intensive care unit [ICU]) require special attention as do patients whose
language or cultural background differs significantly from that of their health care team.
Communication aids and behavioural scales such as the modified Faces, Legs, Activity, Cry and

5th Edition | Acute Pain Management: Scientific Evidence



2.0 | ASSESSMENT AND MEASUREMENT OF PAIN AND PAIN TREATMENT

Consolability (FLACC) scale (Erdek 2004 Level 111-3) can be particularly useful in these situations
(see Section 9.2.3).

NRS are considered the best tool for measurement of pain intensity for adult ICU patients
who may be non-verbal, sedated or ventilated. If they are not feasible, then the Behavioural Pain
Scale (BPS) or Critical-Care Pain Observation Tool (CPOT) should be used (Varndell 2017 Level 111-3
SR, 26 studies, n unspecified; Barr 2013 GL; Azevedo-Santos 2018 NR; Gelinas 2013 NR). The CPOT has
been validated in neurosurgical patients (Echegaray-Benites 2014 Level llI-3, n=43) and in different
countries (Rijkenberg 2015 Level 111-3, n=68; Li 2014 Level 11I-3, n=63). The CPOT appears to be more
specific for pain than the BPS (Rijkenberg 2015 Level 11I-3, n=68).

In patients with dementia, similar challenges often require the use of non-verbal tools.
Overall, in assessing reviews of multiple tools there is limited evidence about the reliability,
validity and clinical utility of any specific tool (Lichtner 2014 Level IV SR, 23 reviews
[28 tools]).

A systematic review of the effect of the use of pain assessment tools in critically ill patients
on patient outcomes concluded that it improves pain management, but evidence was too
heterogeneous to draw firm conclusions regarding outcomes such as length of mechanical
ventilation or ICU stay (Georgiou 2015 SR Level l11-2, 10 studies, n unspecified)

Surveys in the UK and Netherlands show that pain assessment tools were underutilised in
many ICUs (Kemp 2017 Level IV, n=750 [patients assessed by 362 UK physicians]; van der Woude 2016
Level IV, n=107 [adult ICUs in the Netherlands]) (see also Section 8.10).

KEY MESSAGES

1. There is good correlation between the visual analogue and verbal numerical rating
scales (S) (Level I).

2. Regular assessment of pain leads to improved acute pain management (U) (Level 11I-3).

3. Appropriate assessments (including screening tools) are required to determine the
presence of neuropathic pain (N) (Level 111-2).

The following tick boxes represent conclusions based on clinical experience and expert
opinion:

M Functional outcomes rather than pain scores alone should be used to guide acute pain
management, including non-pharmacological approaches (N).

M Self-reporting of pain should be used whenever appropriate as pain is by definition a
subjective experience (U).

M The pain measurement tool chosen should be appropriate to the individual patient and
the clinical context (eg intensive care, ward, community). Developmental, cognitive,
emotional, language and cultural factors should be considered (U).

M Scoring should incorporate different components of pain including the functional
capacity of the patient. In the postoperative patient, this should include static (rest) and
dynamic (eg pain on sitting, coughing) pain (U).

M Uncontrolled or unexpected pain requires a reassessment of the diagnosis and
consideration of alternative causes for the pain (eg new surgical/ medical diagnosis,
neuropathic pain) (U).
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2.3 | Outcome measures in acute pain management

What follows is a brief guide to some of the outcome measures used particularly in the acute
pain literature. A comprehensive review is beyond the scope of this document and more detail
may be found elsewhere (Breivik 2008 NR). Concerns have been raised regarding trial design
limitations resulting in type Il errors (failure to identify a difference when one truly exists) and
recommendations have been made for the design of chronic pain RCTs that include patient
numbers, study site and outcome measurements to reduce this problem (Dworkin 2012 GL).
Similar issues are of relevance to studies in acute pain interventions.

2.3.1 | Outcome measures

2.3.1.1 | Pain

The aim of many clinical trials is to determine whether a medicine or intervention provides
adequate pain relief for the majority of participants or is equivalent or noninferior to an existing
accepted treatment. This can be achieved by repeated single measures at fixed time points,
which may encompass only a proportion of the total illness. When comparison is made with a
placebo, a statistically significant result can be achieved with a relatively small number of
patients (eg n=40) (Collins 2001 Level I, 11 SRs [151 RCTs], n unspecified). The primary outcome is
chosen by the researcher and may not be of direct importance to the individual patient,
particularly if it relates to only a proportion of the total time he/she was in pain. It is also
important to consider that statistically significant differences in pain scores may not reflect
clinically significant differences, although these are harder to define (see above).
Data derived from categorical and VAS of pain intensity or relief produce a range of summary
outcomes that can be used to assess (Moore 2003 NR):
e the degree of analgesic effect:
o difference between the baseline and post-intervention score of pain intensity or
pain relief (summed pain intensity difference [SPID]);
o the area under the time-analgesic effect curve for a given time (total pain relief
[TOTPAR]);
o dose of rescue analgesic consumption required in a given time period (eg PCA use);
¢ the time to analgesic effect:
o the time to onset of analgesic effect;
o time to maximum reduction in pain intensity or to peak relief;
e the duration of effect:
o time for pain to return to at least 50% of baseline;
o time for pain intensity to return to baseline or for pain relief to fall to zero; and
o time to re-medication/rescue analgesia.

A widely used method of describing the effectiveness of an analgesic intervention is the number
needed to treat (NNT). In this setting it is commonly defined as the number of patients that need
to be treated to achieve at least 50% pain relief (eg at least 50% maximum TOTPAR) in one patient
compared with a placebo over a 4-6 h treatment period (Moore 2003 NR). Analysis at other cut-off
points (30—70% max TOTPAR) has shown the same relative efficacy of different treatments (McQuay
2003 NR).

In acute pain research, using TOTPAR to assess pain relief may be more sensitive to treatment
effects than SPID which is assessing intensity (Singla 2015 Level | [PRISMA], 45 RCTs,
n unspecified).
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The validity of this approach as a true method of comparison may be questioned as there is
no standardisation of the acute pain model or patient and only single doses of the analgesic
agents are used. However, it may sometimes be reasonable to extrapolate estimates of analgesic
efficacy from one pain model to another (Barden 2004 Level I, 160 RCTs, n=14,410).

The use of supplemental analgesic consumption as an outcome measure has been
qguestioned in situations where pain scores are not similar (McQuay 2008 Level I, 18 RCTs, n=1,217).

2.3.1.2 | Physical functioning

Measures of physical functioning quantify many aspects of a patient’s life including their ability
to sleep, eat, think, deep breathe, cough, mobilise, perform activities of self-care and daily living,
undertake their usual vocation and to enjoy leisure activities and sport (Williams 1999 NR). In
acute pain, this may be measured by pain intensity scores with movement or other functional
activity scores (see above).

Global or multidimensional measures of function attempt to combine various abilities or
disabilities to derive a summary measure. Scales that employ a large number of items might be
comprehensive but risk patient exhaustion or error, while scales with fewer items might be
patient friendly but risk becoming insensitive to state or change (Williams 1999 NR). These scales
have been used in some studies of acute spinal pain and cancer-related pain:

e Disability scales — generic scales include the Short Form 36 of Medical Outcomes Study (SF-

36), the Sickness Impact Profile (SIP) and Roland & Morris Short SIP (Williams 1999 NR);

* Quality of life (QOL) measures — these measures are not widely used in acute pain

studies, but have relevance for chronic or cancer-related pain (Higginson 1997 NR).

Disease-specific measures quantify the impact of a specific pain problem on function and
can be used to track changes after an intervention (eg ability to cough after thoracotomy,
ability to lift a baby after Caesarean section) (Garratt 2001 Level IV, n=187). Generic measures
facilitate comparisons among the functional limitations of different conditions and treatments
and may have advantages for audit of an APS that includes patients with a range of conditions
(Patrick 1989 NR).

2.3.1.3 | Emotional functioning

Acute pain is an unpleasant sensory and emotional experience. The unpleasantness of the
experience and its meaning for the individual may have short term (anxiety, depression,
irritability) and long term (lost confidence or self-efficacy or post-traumatic stress disorder)
consequences for the individual’s emotional functioning.

2.3.1.4 | Adverse effects

In trials of efficacy, adverse effects are usually considered to be of secondary importance and
inadequate reporting has been found in as many as half of randomised trials reviewed (loannidis
2001 Level I, 192 RCTs, n=130,074; Edwards 1999 Level I, 52 RCTs, n unspecified). If adverse effects are
sufficiently common (eg nausea with opioids), they may be quantifiable in trials of efficacy and
specifically measured using dichotomous (present or absent), categorical (none, mild, moderate,
severe) or interval (analogue or Likert) scales. Analogous to NNTs, the number needed to harm
(NNH) may be used to describe the incidence of adverse effects.

Most efficacy trials will have inadequate power to detect rare adverse effects and therefore
they are also absent from systematic reviews. Large clinical trials specifically designed to detect
adverse effects are required (eg the Vioxx Gastrointestinal Outcomes Research [VIGOR] study
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investigated gastrointestinal toxicity of NSAIDs) (Bombardier 2000 Level II, n=8,076, JS 5). Case
reports and post-marketing epidemiological research and surveillance (eg the Australian Adverse
Drug Reactions Advisory Committee) remain important for detection of delayed effects occurring
after the initial trial period. Results from comprehensive large prospective audits and database
reviews have provided a sufficiently reliable denominator for incidence and risk factor evaluation
in rare but serious adverse effects in acute pain management (Wijeysundera 2008b Level IV,
n=259,037; Cameron 2007 Level IV, n=8,210; Wijeysundera 2008a NR).

Besides the adverse effects attributed to acute pain management interventions, another area
of interest is whether the adverse effects of trauma and surgery might be prevented by effective
acute pain management. Outcomes such as mortality, morbidity due to derangements of the
cardiovascular, respiratory, gastrointestinal and coagulation systems and progression to chronic
pain have also been reported (see Chapter 1).

KEY MESSAGE

1. Assessment of pain relief (with total pain relief [TOTPAR]) may be more sensitive to
treatment effects than assessment of intensity (with summed pain intensity difference
[SPID]) (N) (Level I [PRISMA]).

The following tick box represents conclusions based on clinical experience and expert
opinion:

M Multiple outcome measures are required to adequately capture the complexity of the
pain experience and how it may be modified by pain management interventions (U).
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3.1 | Education

3.1.1 | Patients

Patients and carers who learn about assessment of pain, the risks and adverse effects of
treatment, and who are informed that they should communicate both the effectiveness of
treatment and any adverse effects, will have greater control over the quality of their pain relief.
Information on treatment options, goals, likely benefits and probability of success should be
available; this advice is found in most published recommendations and guidelines. Despite this,
many patients still feel uninformed about pain, particularly in the perioperative period
(Macintyre 2015 NR; Counsell 2008 NR). A national survey of patients who were undergoing total
hip arthroplasty (THA) revealed that 70% did not believe they had been given adequate
information about their procedure (including pain relief) and those who had higher levels of
education perceived a larger deficit (Johansson Stark 2014 Level IV, n=320). A survey of health
professionals acknowledged that perioperative pain management knowledge and other
aspects of colonic surgery were deficient in patients undergoing the procedure (Sjostedt 2011
Level IV, n=49 [health care professionals]).

3.1.1.1 | General principles

A systematic review of systematic reviews (using the AMSTAR 1 tool) pertaining to methods of
patient education, in general, concludes that teaching strategies that increase patient
knowledge decrease anxiety and improved patient satisfaction (Friedman 2011 Level IV SR, 23
systematic reviews & meta-analyses, n unspecified). This comprised those using computer
technology, audio and videotapes, written materials and demonstrations. While only one
systematic review addressed pain management, the more general results are relevant to this
topic. Educational strategies were better when combined, structured, culturally appropriate and
patient-specific, rather than generic or ad hoc. Verbal teaching and discussions were found to be
the least effective strategies. Web-based teaching improved patient knowledge, anxiety, and
satisfaction, as did audiotapes, videotapes, written materials and lectures, all of which were
more effective than verbal teaching and discussions. Demonstrations had the highest effect of
any of the teaching strategies evaluated. Multiple teaching strategies are better than single
ones, with one systematic review finding that 67% of patients who received patient education
using several different strategies had better outcomes than those who received routine care.

Patient education regarding the procedure or recovery provided a small improvement in
postoperative pain (SMD -0.21; 95%Cl -0.02 to -0.39) (12 RCTs, n=1,242), pre-operative anxiety
(SMD -0.27; 95%Cl -0.10 to -0.44) (12 RCTs, n=1,260) and postoperative anxiety (SMD -0.26;
95%Cl -0.08 to -0.43) (11 RCTs, n=921), but had no impact on analgesic use (SMD -0.06; 95%Cl
0.13 to -0.24) (10 RCTs, n=860) (Szeverenyi 2018 Level | [PRISMA], 62 RCTs, n=4,908). Pain
psychoeducation undertaken before surgery (pre-emptive) or throughout the perioperative
period (preventive) is an underutilised component of multimodal analgesia with data showing
reduced pain intensity, analgesic use, LOS, return to ED, patient anxiety and possibly chronic
postsurgical pain (Horn 2020 Level IV SR, 33 studies, n unspecified).

There is evidence that written information is better than verbal education. Written
information resulted in more satisfaction, lower pain scores and lower analgesic use after
gynaecological cancer surgery (Angioli 2014 Level I, n=190, JS 2). Knowledge was lower in those
given non-standardised verbal information vs those given written information, including
information regarding pain management, at the time of preoperative anaesthetic review
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(Binhas 2008 Level 111-3, n=180). Patients receiving education favoured the combination of verbal
plus written information over verbal information alone, as it allowed them to refresh their
memory (Andersson 2015 Level llI-1, n=18). A study of emergency department patients found that
the provision of patient information leaflets improved doctor-patient communication and
patient satisfaction levels and reduced rates of reattendance for the same condition, as well as
the number of drug prescriptions by doctors (Sustersic 2019 Level 1lI-2, n=324). This aligns with
the findings of a previous systematic review of systematic reviews which determined that
patient information leaflets improve patient knowledge, satisfaction and adherence to
treatment recommendations (Sustersic 2017 Level IV SR, 24 SRs, n unspecified).

A systematic review of studies of postoperative education (conducted between 1986 and
2007) which aimed at improvement in self-knowledge and symptom experience (including
pain) evaluated the best type and amount of postoperative education (Fredericks 2010 Level I1I-3
SR, 58 studies, n=5,271). All types of surgery were included with 46% assessing cardiac surgery,
26% general surgery, 4% abdominal/ colorectal surgery and 5% hip and knee surgery.
Individualised education with the patient having input into their educational requirements, use
of combined media for delivery, provision of one-on-one education and multiple sessions were
associated with improvement in educational and/or health outcomes. Individuals <50 y and
those with higher educational level showed the highest benefit.

3.1.1.2 | Effects in specific postoperative settings

PCA use

Structured vs brief patient education prior to PCA use resulted in improved patient knowledge
of PCA (Yankova 2008 Level llI-1 SR, 5 RCTs & 1 study, n=592). No studies demonstrated that
structured education about PCA improved postoperative pain scores.

Total joint arthroplasty

Three overlapping reviews draw similar conclusions as to the limited effect of preoperative
patient education in addition to standard care on pre and postoperative outcomes after total
hip and knee arthroplasty (THA/TKA) (McDonald 2014 Level I [Cochrane], 18 RCTs, n=1,463; Aydin
2015 Level I [PRISMA], 12 RCTS, n=1,567; Louw 2013 Level Ill-1 SR, 12 RCTs & 1 study, n=1,021) (10 &
8 RCTs overlap). The included RCTs are heterogeneous in terms of the patient population and
teaching methods applied. There is some reduction in preoperative anxiety for THR (MD
-5.10/60; 95%Cl -7.17 to -3.03) (4 RCTs, n=333) and LOS for TKR (MD -1.86 d; 95% Cl -3.40 to
-0.32) (2 RCTs, n=183); but little or no evidence for any other outcomes including postoperative
anxiety, mobility, pain, function or postoperative complications.

Preoperative education does not improve postoperative pain scores after either THA (up to
3 mth after surgery) or TKA (up to 12 mth after surgery) (McDonald 2014 Level | [Cochrane],
18 RCTs, n=1,463). However, education has a low risk of adverse effects, and may be beneficial
for certain patients with depression, anxiety or unrealistic expectations about their surgery.
Interviews with focus groups of patients following THA and TKA identified patient requests for
increased education on pain management in the postoperative period (Kennedy 2017 Level IV,
n=32). Patients reported that they would have preferred more information regarding expected
levels of postoperative pain, the purpose, administration and expected side effects of analgesic
medication, and specific weaning instructions. Among the patients interviewed, there was a
wide range of preference for content, mode of delivery (web-based or traditional methods),
and timing of education. It is acknowledged in the literature that a more personalised
education program that allows patients to ask questions may translate to improved outcomes
following preoperative education (Aydin 2015 Level I [PRISMA], 12 RCTs, n=1,567). However, a
randomised controlled trial that involved personalised preoperative information sessions prior
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to TKA did not demonstrate any difference in pain at any time point vs a group receiving
standard care (Wilson 2016 Level Il, n=143, JS 4). The authors suggest that this may reflect a
requirement for increased education for healthcare providers as well as patients in order to
achieve significant benefits in postoperative analgesia. Online resources available for patients
to read about pain control after TKA are generally of limited utility, with more than 90% of
websites containing information directed at patients written in language that exceeds average
reading levels (Schairer 2017 NR). This has the potential to limit patient understanding of
postoperative pain management and highlights an opportunity for orthopaedic, anaesthetist
and pain medicine specialists to develop and encourage access to appropriate patient-focused
online resources.

Cardiac surgery

Preoperative education reduces anxiety (6 RCTs, n=829) in patients undergoing mixed types of
cardiac surgery, but there was limited evidence for any effect on pain (4 RCTs, n=704) (Ramesh
2017 Level I [PRISMA], 14 RCTs, n=2,071). This is consistent with a preceding systematic review
which found no effect of preoperative education on pain levels or other outcome measures in
patients after coronary artery bypass graft (CABG) surgery (Guo 2015 Level I, 6 RCTs, n=1,406
[2 RCTs pain, n=762]) (2 RCTs overlap).

Spinal surgery

Patients receiving neuroscience education (including a conversation with a physical therapist
for 30 min plus a neuroscience booklet) prior to lumbar spinal surgery for radicular pain had
the same pain levels and function 12 mth following surgery vs controls who received routine
care (Louw 2014 Level ll, n=67, JS 3). However, those in the experimental group exhibited 45%
less healthcare expenditure in the 12 mth following surgery and viewed their surgical
experience more positively. At 3 y follow-up, this reduction in health care costs was
maintained; the group that received preoperative neuroscience education spent 37% less on
medical expenses (Louw 2016 Level llI-2, n=50). The authors postulated this could be a result of
the educational emphasis on neurobiology and neurophysiology (central and peripheral
sensitisation, facilitation and inhibition) as opposed to the pathoanatomical explanation
previously utilised for education in patients undergoing lumbar spinal surgery.

A preoperative educational intervention (provision of a detailed information booklet and 30
to 40 min guided explanation by a nurse) vs control in spinal surgery lowered preoperative
anxiety and postoperative pain scores (6.1/10 to 5.3/10) (Lee 2018 Level II, n=86, JS 3) (see also
Section 7.1.1).

Other types of surgery

The provision of a detailed information sheet to parents after tonsillectomy in children
provided postoperative benefit (Bailey 2015 Level II, n=60, IS 5). The information sheet contained
specific instructions regarding the dose and timing of oxycodone and resulted in higher
parental satisfaction and knowledge and some improvements in pain scores up to POD 7 vs
standard verbal instructions.

After cosmetic day-surgery procedures, preoperative education reduced postoperative
opioid requirements and pain intensity and duration (Sugai 2013 Level Il, n=135, JS 2).
Preoperative written and verbal education (two sessions by the same surgeon) on the adverse
and negative effects of opioids resulted in 90% of the treatment group declining an opioid
prescription vs 100% filling their opioid prescription in the control group.

Patients undergoing modified radical mastectomy, who had received a specific 20 min
education about their analgesia management and medications, reported less pain and
mobilised earlier than those who had not received the education (Sayin 2012 Level llI-1, n=84).
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3.1.1.3 | Effects in other acute pain settings

The effect of patient education has also been studied in patients with acute non-surgical pain.

Education programs, depending on their approach, may not be effective in the prevention
and treatment of neck pain or low back pain in a widely heterogeneous patient and community
groups (including children and at-risk workers) (Ainpradub 2016 Level I, 15 RCTS, n=10,488); these
findings were cautioned against in a letter (Hurley 2016), because they were based excessively
on a “biomedical education” approach which emphasises “protecting the injured back”. This
type of education has now been supplanted by the effective “biopsychosocial education”
approach, which in contrast, emphasises the robustness of the back, and is in agreement with
pain physiology. Another systematic review shows a beneficial outcome from patient education
in the management of acute lumbar back pain when a “biopsychosocial/neuroscience”
education-based approach is used (Traeger 2015 Level | [PRISMA], 14 RCTs, n=4,872). In this review,
the outcomes were “reassurance” (which was a composite of anxiety, fear, worry, distress) and
healthcare utilisation (number of primary care visits for LBP over 12 mth). The effect size for a
benefit on reassurance at 4 mth was SMD -0.21 (95%Cl -0.36 to -0.07), and the effect on
reduction in healthcare utilisation was SMD -0.14 (95%Cl -0.28 to 0.00).

Regarding acute back pain, there is moderate to high quality evidence that patient
education provided by primary care practitioners can reassure patients for up to 12 mth, and
lead to reductions in low back pain related healthcare utilisation, with a NNT of 17 to prevent
one subsequent primary care visit (Traeger 2015 Level | [PRISMA], 14 RCTs, n=4,872). Patient
reassurance is heightened with education provided by a physician rather than by other health
professionals. Conversely, a subsequent RCT found that the addition of two sessions (1 h each)
of patient education (focusing on biopsychosocial contributors to pain as well as self-
management techniques) to standard practice did not improve pain intensity or disability vs a
placebo educational intervention (Traeger 2019 Level Il, n=202, IS 4).

An earlier systematic review of pain education strategies for neck pain was unable to find
good evidence for the benefit of patient education, apart from one RCT (n=348) showing that an
educational video of advice about being active was more beneficial in the medium term (Gross
2012 Level | [Cochrane], 15 RCTs, n=5,305) (3 RCTs overlap with Ainpradub 2016). After acute whiplash
injury specifically, short educational interventions reduce pain and disability and enhance
recovery and mobility (Meeus 2012 Level I [PRISMA], 10 RCTs, n=1,594) (2 RCTs overlap). Educational
interventions for patients with whiplash (neurophysiology content) have demonstrated
improvements in both pain behaviours and pain threshold (Rebbeck 2017 NR). It is also
recommended that patients receive advice regarding the course of recovery and education
about coping strategies and unhelpful beliefs.

Antenatal education regarding epidural analgesia led to more primigravid women indicating
that they would request epidural analgesia for pain relief in labour (Alakeely 2018 Level IiI-3,
n=81). Antenatal teaching about postnatal nipple pain and trauma resulted in reduced nipple
pain and improved breastfeeding (Duffy 1997 Level Il, n=70, JS 3).

An emergency department nurse-delivered opioid education intervention (verbal and
written communication strategies) increased patient understanding of appropriate use of
discharge opioids (Waszak 2018 Level I11-3). However, this relied on nurses’ ability to take extra
steps in their usual discharge routine, including printing information sheets and conducting
verbal ‘teach-back’ sessions.
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3.1.1.4 | Web-based education for acute pain management

The internet and mobile devices are being increasingly used for pain education. There are few
published studies that have evaluated these types of interventions for patients with acute pain. A
systematic review of web-based pain education included only two RCTs that evaluated educational
websites with information on acute postoperative pain (Bender 2011 Level I, 17 RCTs, n=2,503): one
aimed to prepare adolescents for tonsillectomy and demonstrated improvements in satisfaction
and knowledge, but no difference in pain scores or anxiety (O'Conner-Von 2008 Level I, n=69, JS 3);
the other prepared adults for postoperative self-care after outpatient surgical procedures and
found reductions in postoperative pain intensity the night and day afterwards (Goldsmith 1999 Level
I, n=195 [only 80 at follow-up], JS 2). An innovative web technology used an assessment process to
individualise the content of education and use persuasive educational techniques to effect changes
in response to pain after cardiac surgery (Martorella 2012 Level Il, n=60, JS 3). The 30 min web-based
intervention used a virtual nurse to guide the patient, followed by two face-to-face 5-min booster
sessions. In the experimental group, patients did not experience less intense pain, but they
reported significantly less pain interference when breathing/coughing and used more analgesia. A
web-based intervention program providing daily postural advice and exercise instructions with
daily email reminders and personalised log over 9 mth to office workers with sub-acute low-back
pain (of 6 wk duration) was effective in improving quality of life, behaviour change, function and
pain vs standard care (del Pozo-Cruz 2013 Level Il, n=100, JS 2).

A systematic review found no additional benefit for tailored vs standardised web-based
patient education for patients with chronic pain (Martorella 2017 Level | [PRISMA], 16 RCTs
[15 chronic], n=4,304).

The readability of web-based educational materials regarding epidural analgesia was well
above the recommended reading level for patient education, which may limit the ability of
patients to make informed choices (Patel 2015 Level IV, n=101 [educational materials on 128
websites in English and Spanish]). An assessment of online patient education material about
regional anaesthesia produced by USA teaching hospitals found the mean (SD) Flesch-Kincaid
Grade Level for patient education material was high at hospitals offering and not offering
regional fellowship teaching programs: 13.8 (2.9) vs 10.8 (2.0) ie well above the recommended
sixth-grade level (Kumar 2017 Level lll-3, n=32 [websites]). Similarly, a review of patient education
material about safe opioid use after surgery found the online information from the websites of
selected North American academic medical centres to have the reading grade level 7.84
(SD 1.98) (Kumar 2019 Level llI-3, n=38 [websites]).

3.1.2 | Staff

Appropriate education of medical and nursing staff is essential if more sophisticated forms of
analgesia (eg PCA or epidural analgesia) are to be managed safely and effectively and if better
results are to be gained from conventional methods of pain relief (Macintyre 2015 NR). Medical
and health professional staff education may take several forms; the evidence for any benefit
for the best educational technique is varied and inconsistent. Education may also include
organisational approaches, the provision of guidelines and accompanying changes to practice
to enable good outcomes.

3.1.2.1 | Nursing staff

Improvements in nursing knowledge and ability to manage epidural analgesia followed the
reintroduction of an epidural-education program using an audit/guideline/problem-based
teaching approach, accompanied by practical assessments (Richardson 2001 Level Ill-3). A more
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recent simulation-based educational workshop (4 h) relating to epidural assessment improved
knowledge and confidence of participating nursing staff and increased the number of correct
procedures performed in a post-workshop assessment (Sawhney 2018 Level Ill-3). However,
translation to practice changes in the clinical environment was not assessed, and educational
workshops of this type require significant time and monetary investments. Pain
documentation in surgical wards (Ravaud 2004 Level llI-1, n=2,278; Karlsten 2005 Level 1lI-2) and
intensive care units (ICUs) (Erdek 2004 Level Ill-3; Arbour 2003 Level IV) was also improved by
education programs. A quality-improvement system, which included education and guidelines
as well as systems to improve practice, resulted in significant improvements in postoperative
pain, nausea, vomiting and fatigue (Usichenko 2013 Level 1lI-3, n=520). Implementation of a
quality-improvement program led to improvements in nurses' knowledge and assessment of
pain using pain-rating scales; however, while the number of patients assessed increased, there
was no improvement in pain relief (Hansson 2006 Level 1lI-2).

There are possible reasons why education programs may not always be successful in
improving nursing staff knowledge or attitudes (Dahlman 1999 Level 11I-3) or pain relief (Knoblauch
1999 Level IV). In rural and remote settings, distance and professional isolation could affect the
ability of healthcare staff to receive up-to-date education about pain relief. However,
similarities between urban and rural nurses’ knowledge and knowledge deficits relating to
acute pain management have been reported (Kubecka 1996 Level IV, n=123 [nurses]) and a
tailored education program in a rural hospital improved the management of acute pain (Jones
1999 Level llI-3, n=126). An education program delivered to nurses in rural and remote locations
and focusing on acute, chronic and cancer pain improved understanding of pain management
(Linkewich 2007 Level 11I-2). Early attempts at using online education for nurses to improve pain
management were not widely accessed. A proposed model involving e-learning and problem-
based approaches have had some initial success (Keyte 2011 NR).

A range of didactic and interactive teaching methods have been applied in nursing pain
management education (Drake 2017 Level IV SR [PRISMA], 12 studies, n=726 [staff] & n=8,124
[patients]). Overall, nurses showed an improvement in pain documentation after participating in
a pain management education program. However, there was no assessment of the nurses’
associated behavioural change, and failure to account for the challenges of daily nursing
practice, such as the requirement to frequently shift attention, which may interfere with
assessment and ability to empathise with patients in pain). The provision of information and
skills has limited ability to improve patient outcomes if these practical barriers to pain
management are not addressed.

3.1.2.2 | Physiotherapists

Physiotherapists have recognised the need for more education about acute and subacute pain
incorporating a biopsychosocial approach to prevent long-term disability and pain. However,
an 8 d university course about how to identify and address psychosocial risk factors attended
by practicing musculoskeletal physiotherapists led to no improvement in their patients being
treated for musculoskeletal problems (Overmeer 2011 Level II, n=42, JS 2). The authors suggest
that this type of teaching may be more effective if incorporated at an earlier stage of learning
or by other methods if an impact on practice is to be made.

3.1.2.3 | Medical staff

Education of junior emergency department medical staff improved patient pain relief (Jones 1999
Level 1lI-3, n=126). Additionally, the implementation of an education program with guidelines for
pain management improved analgesia and patient satisfaction (Decosterd 2007 Level lll-2, n=441).
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A number of studies have shown the benefits of education and/or guidelines on improved
prescribing patterns both in general terms (Ury 2002 Level llI-3, n=1,006; Humphries 1997 Level llI-3)
and specifically for NSAIDs (Ray 2001 Level II, n=209, JS 2; Figueiras 2001 Level llI-2, 495 [doctors in
north-western Spain]; May 1999 Level IlI-3, n=210 [doctors in South Australia]), paracetamol
(acetaminophen) (Ripouteau 2000 Level llI-3, n=35 [French anaesthetists and nurses]) and pethidine
(meperidine) (Gordon 2000 Level 1lI-3).

A pilot program facilitated within Stanford University’s Clinical Pain Medicine Fellowship
program has implemented simulation as a method of medical education in opioid prescription
(Heirich 2019 Level 111-3, n=27).

3.1.2.4 | Interprofessional

Interprofessional education programs involving medical and nursing staff may improve
collaboration and communication between health care team members and patients, and
therefore encourage active self-management techniques and limit the implementation of
passive pain management strategies (Hogans 2018 NR). An educational program (2 h) consisting
of an interactive e-learning module and simulation session to both nursing and medical staff
improved knowledge, but did not change analgesic administration or pain reduction for
patients during an emergency department admission (Friesgaard 2017 Level 1lI-3, n=2,140).
The authors suggest that achieving behavioural change in healthcare professionals is complex,
requiring repeated education, changes in workplace attitudes towards pain management,
modification of daily practice environments and continuous support and follow-up.

Junior medical staff education over 3 y in an Australian tertiary hospital reduced
inappropriate oxycodone IR prescriptions from 28% to 10% (Stevens 2019 Level llI-2). The
education package included junior medical and anaesthetic staff group and individual
education (with feedback from audit data on individual prescribing), implementation of
pharmacist-monitored prescription guidelines, an educational patient pamphlet and education
sessions for surgical nursing staff regarding how to discuss opioid weaning and disposal.

3.1.2.5 | Web-based

There is growth in web-based delivery of education programs for health professionals. Online
educational resources improve knowledge and skills, but not confidence and competence,
(Liossi 2018 Level IV SR [PRISMA], 13 RCTs & 19 studies, n unspecified). Notably, there was significant
heterogeneity among studies and relevant health outcomes for patients were not assessed.
A survey of clinicians who completed an interactive online learning module regarding opioid
prescription determined that clinician knowledge, the likelihood of adherence to prescription
guidelines, and perceived competence in opioid prescription improved following participation
(Langford 2020 Level l1I-3, n=167).

3.1.2.6 | Guidelines

When combined with education, the introduction of medical and nursing guidelines may
contribute to improvements in pain management and prescribing practices (Gould 1992 Level lli-2,
n=2,035; Harmer 1998 Level llI-3, n=2,738). Several initiatives have been described which employ
guidelines with the aim of safe opioid prescription:
e A targeted medical, nursing and patient education initiative significantly reduced the
median quantity of opioid analgesics provided at discharge for trauma patients (Oyler
2018 Level llI-3, n=913);
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e An emergency department opioid prescribing guideline reduced the number of
discharge opioid prescriptions for dental, neck, back or chronic pain presentations from
53% (6 to 12 mth prior to introduction) to 34% (12 to 18 mth following introduction) (del
Portal 2016 Level Ill-3, n=13,187);

e An Australian tertiary hospital introduced discharge analgesia prescribing guidelines
which initially improved discharge prescribing practices, but diminished over time
(Stewart 2019 Level 1lI-3, n=170 [discharge prescriptions]). Maintaining education of junior
medical staff can be a resource and time intensive proposition and is often maintained
in an informal manner by pharmacists and other healthcare team members.

Advances in pain education require the engagement of healthcare professionals, patients,
stakeholders, and ultimately a better understanding of pain education research (Hogans 2018
NR). Pain education research continues to present multiple challenges in terms of definition of
content, ethical and practical study design, and consideration of appropriate outcome
measures.

The importance of pain medicine education at an undergraduate medical level has also
been recognised. A cross-sectional study of medical school curricula across Europe (Advancing
the Provision of Pain Education and Learning [APPEAL] study) demonstrated that current
undergraduate medical pain education is not consistent with that which would be expected
given the current prevalence of pain conditions and their associated public health burden
(Briggs 2015 Level IV, n=242 [curricula of medical schools]). Of 242 medical schools, only 31% offered
a dedicated pain module and only 18% of these were compulsory, while 7% lacked any pain
education. In response to the prescription opioid epidemic, American medical schools have
implemented curriculum changes to include pain management and opioid prescribing (Barth
2017 NR). Furthermore, a systematic review of all articles that examined the content of pain
education in medical school curricula found that the number of teaching hours was limited, and
most had no mandatory formal pain medicine program (Shipton 2018 Level IV SR, 14 studies,
n=383 [medical schools]); this did not reflect the healthcare needs for pain management in the
population. Anaesthetists and acute pain services are central to the education of junior medical
staff and development of hospital and state-wide prescription guidelines, and thus it is
important that anaesthetists themselves receive appropriate exposure to acute pain medicine
during their training (Macintyre 2014 NR).

KEY MESSAGES

1. Thereis no good evidence in favour of general education for acute neck pain having
significant effects on any relevant outcomes (U) (Level I [Cochrane Review]).

2. Short educational interventions in acute whiplash injury reduce pain and disability and
enhance recovery and mobility (U) (Level I [PRISMA])

3. There is limited evidence that preoperative education may lead to small improvements
in postoperative outcomes such as pain, preoperative and postoperative anxiety, but
not in analgesic requirements (Q) (Level | [PRISMA]).

4. General “biomedical” education in patients with acute back pain does not reduce pain
or improve other outcomes (S) (Level 1); however, education using a “biopsychosocial/
neuroscience” approach reduces a composite of anxiety, fear, worry, distress and
healthcare utilisation (N) (Level | [PRISMA]).
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10.

11.

12

13.

14.

Targeted reassurance in acute back pain by physicians in primary care can result in
improved changes in psychological factors such as fear, worry, anxiety,
catastrophisation and healthcare utilisation (U) (Level I [PRISMA].

Preoperative education improves patient or carer knowledge of pain and encourages a
more positive attitude towards pain relief (U) (Level II).

Specific pain neuroscience education in specific surgical settings may result in less
healthcare utilisation (U) (Level II).

Written information given to patients is better than verbal information given at the
time of the interview (S) (Level II).

Educational interventions in cancer pain patients improve knowledge, attitudes and
pain control (U) (Level I1I-1 SR).

While evidence for the benefit of patient education in terms of better pain relief is
inconsistent, structured preoperative education may be better than routine
information (U) (Level I11-2).

Staff education and the use of guidelines improve pain assessment, pain relief and
prescribing practices (S) (Level 111-3).

. Pain psychoeducation undertaken before surgery (pre-emptive) or throughout the

perioperative period (preventive) is an underutilised component of multimodal
analgesia which may reduce pain intensity, analgesic use, length of stay, return to the
emergency department, patient anxiety and possibly chronic postsurgical pain (N)
(Level IV SR).

Pain score documentation improves with various forms of nursing education, but the
impact of this behaviour change has not been adequately assessed (N) (Level IV SR).

Pain medicine education in medical school curricula is restricted in scope and content (N)
(Level IV SR).

The following tick boxes represent conclusions based on clinical experience and expert
opinion:

]

]

Successful management of acute pain requires close liaison between all personnel
involved in the care of the patient (U).

More effective acute pain management will result from appropriate education and
organisational structures for the delivery of pain relief rather than the analgesic
techniques themselves (U).
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3.2 | Organisational requirements

It is recognised that patients should be able to access best-practice care, including appropriate
assessment of their pain and effective pain management strategies (ASA 2012 GL; ANZCA 2010
GL). However, effective acute pain management will, to a large extent, depend not only on the
medicines and techniques available, but also on the systems involved in their delivery
(Macintyre 2015 NR). Even simple methods of pain relief can be more effective if proper
attention is given to education (see Section 3.1 before), prescribing, administration,
documentation, monitoring of patients and the provision of appropriate policies, protocols and
guidelines (Gould 1992 Level llI-3, n=2,035). The incorporation of pain measurement into clinical
assessment for all patients, not only those under the care of an Acute Pain Service (APS), will
aid pain management for all the patients throughout an institution (Gordon 2008 NR).
Standardised clinical observation charts which include pain, sedation and function scores with
other vital signs are an important step in ensuring safe provision of effective analgesia
(Macintyre 2015 NR). In many institutions, an APS will assume responsibility for managing
complex patients and more advanced methods of pain relief such as PCA, epidural analgesia
and perineural infusions.

3.2.1 | General requirements

Guidelines to enhance patient outcomes and standardise analgesic techniques (eg selection of
medicines and their concentrations, dose and dose intervals), monitoring requirements, choice
of equipment, and responses to inadequate or excessive analgesic doses or other
complications lead to consistency of practice. This can potentially improve patient safety and
analgesic efficacy, regardless of the technique used (Macintyre 2015 NR; Counsell 2008 NR). These
guidelines should be evidence-based wherever possible.

Marked improvements in conventional methods of pain relief have followed the
introduction of guidelines for parenteral opioid administration (Humphries 1997 Level lll-3, n=242;
Gould 1992 Level llI-3, n=2,035). However, it is the implementation of guidelines, not their
development that remains the greatest obstacle to their use. Compliance with available
guidelines is highly variable and may be better in larger and university-affiliated hospitals (Nasir
2011 Level IV, n=301 [USA hospitals]; Carr 1998 Level IV, n=400 [USA hospitals]). Resource availability,
particularly staff with pain management expertise, and the existence of formal quality-
assurance programs to monitor pain management are positive predictors of compliance with
guidelines (Jiang 2001 Level IV, n=220 [USA hospitals]).

Different types of surgery require different types of analgesic regimens. Common and
minor surgical procedures often result in high pain scores, which are frequently undertreated
(eg laparoscopic appendicectomy, cholecystectomy, and haemorrhoidectomy) (Gerbershagen
2013 Level IV, n=70,764). The adoption of procedure-specific methods and the use of analgesic
combinations may help to optimise analgesia and reduce adverse effects (Joshi 2013 NR) (see
Section 8.1.3). A hospital-wide approach can be incorporated into postoperative enhanced-
recovery programs (White 2010 NR) (see Section 3.2.3 below).

Professional bodies in a number of countries have issued guidelines for the management of
acute pain (RCoA 2020 GL; Agency for Clinical Innovation NSW 2016 GL; Faculty of Pain Medicine RCoA
2015 GL; ANZCA 2013 GL; ASA 2012 GL).

While there is widespread agreement about the value of clinical guidelines, they do have
limitations. Some of these include reliance on the population-wide aggregation of patient
outcomes, which may not be optimal on an individual patient level. Individual patient

5th Edition | Acute Pain Management: Scientific Evidence

89



90

variability arises from complex interactions between genetic and environmental exposures
over the life of the patient (Fillingim 2017 NR). A method that can incorporate standardised care
but allow for individual patient variation is the SCAMP approach — Standardised Clinical
Assessment and Management Plans (Beverly 2017 NR). This process is a clinician-engaged
approach that promotes standardisation but accommodates patient preferences, includes
clinician experience and incorporates recent medical knowledge. Benefits include reduced
variability in medical care (Farias 2013 NR).

The success of an APS and patient treatment depends not only on good clinical care but also
on a positive organisational culture(Powell 2009 NR; Bate 2008 NR). This should follow the key
principles of effective change management. A series of semi-structured interviews of
healthcare professionals identified key areas that need to be addressed for well-organised
care. These include structural issues, political issues, cultural change, educational challenges,
leadership and motivation, and technological challenges.

3.2.2 | Acute pain services

There is a very wide diversity of APS structures, with no consensus as to the best model and no
agreed definition of what might constitute such a service (Counsell 2008 NR). Some are “low-
cost” nurse-based (Shapiro 2004 Level IV, n=4,617; Rawal 2005 NR), others are anaesthetist-led but
rely primarily on APS nurses as there may not be daily clinical participation by an anaesthetist
(Nagi 2004 NR; Harmer 2001 NR). In contrast, others are comprehensive and multidisciplinary
services with APS nursing staff, sometimes pharmacists or other staff (eg clinical psychologists)
(katz 2015 NR) and daily clinical input from and 24 h cover by anaesthetists (Macintyre 1990
Level IV, n=1,053; Ready 1988 Level IV, n=820; Schug 1993a NR). The development of specific
paediatric pain services has also been described (Kost-Byerly 2012 NR) and is an emerging field
(Finley 2014 NR).

Larger hospitals and those with university affiliations are more likely to have a formal APS
and use protocols (Nasir 2011 Level IV, n=301 [USA hospitals]). When advanced modalities such as
epidural analgesia and continuous peripheral nerve block (CPNB) are used, the APS is most
commonly anaesthetist-led. An economic evaluation of a physician-led APS has shown it to be
cost-effective even for patients having IV PCA after intermediate grade surgical procedures (Lee
2010 Level Il, =423, IS 2).

The degree of medical input varies enormously. A UK survey reported that while 90% of
hospitals reported having an APS, dedicated medical staff sessions did not exist in 37%, were
limited to one or two per wk in 40% and in only 4% were there five or more sessions (Nagi
2004 NR). In training hospitals in Australia, 91% of hospitals accredited for anaesthetic training
had an APS run from the department of anaesthesia with daily input from medical staff.
Consultant anaesthetist sessions (one session is 0.5 d) varied from zero in 27%, just one or two
a wk in a further 22%, four to six per wk in 22% and ten per wk in 15% (Roberts 2008 Level IV,
n=67 [AUS and NZ hospitals]). A UK survey of 141 acute pain services found variation in the
structure, function and staffing of the APSs between the responding hospitals (Rockett 2017
Level IV, n=209 [UK hospitals]). The mean number of consultant hours per wk was only 5.5 h. 35%
of the APSs also had other roles in addition to acute pain management. Only half of the teams
(49%) had members that also worked in an integrated multidisciplinary pain service. A Dutch
survey showed again that 90% of hospitals have an APS of variable organisational structure;
important tasks of the APS were regular patient rounds and checking complex pain techniques
(100%), supporting quality improvement of pain management (87%), pain education (100%)
and pain research (21%) (van Boekel 2015 Level IV, n=96 [Dutch hospitals]). However, a survey
repeated in Denmark from 2000-2009 showed a surprising decline of APSs in parallel to the
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increased usage of enhanced-recovery programs (Nielsen 2012 Level IV). In the USA, APSs were
more common in university/academic hospitals (96%) than in Veterans’ Affairs hospitals (69%),
with the lowest rate in private hospitals (47%) (Nasir 2011 Level IV, n=301 [USA hospitals]). Formal
written postoperative pain protocols were more common in hospitals with an APS but overall
only 55% of hospitals had such protocols. In Germany, 81% of the hospitals surveyed stated
that they had an APS; however, only 45% met quality criteria defined by the authors (Erlenwein
2014 Level IV, n=403 [German hospitals]). In contrast to the USA data above, 97% of the hospitals
had written acute pain protocols for surgical patients, but only 51% on nonsurgical wards.

Some APSs supervise primarily “high-tech” forms of pain relief and/or complex patients,
while others have input into all forms of acute pain management in an institution and will work
towards optimising traditional methods of pain relief so that all patients in that institution
benefit (Macintyre 2015 NR; Counsell 2008 NR; Breivik 2002 NR). Increasingly, APSs are also called
on to deal with much more complex pain management issues (eg acute-on-chronic pain, acute
pain after SCI or other major trauma, and resulting from a multitude of medical illnesses) and
more complex patients (eg opioid-tolerant patients, older patients) (Counsell 2008 NR).

Individual publications assessing the benefits of an APS have reported that the presence of
an APS reduced pain scores (Stadler 2004 Level lll-3, n=1,975; Bardiau 2003 Level lll-3, n=2,283;
Salomaki 2000 Level llI-3, n=400; Sartain 1999 Level 1l-3, n=605; Harmer 1998 Level I1I-3, n=2,783; Gould
1992 Level llI-3, n=2,035; Miaskowski 1999 Level IV, n=5,837) and adverse effects (Sartain 1999
Level lll-3, n=605; Stacey 1997 Level lll-3, n=40; Miaskowski 1999 Level IV, n=5,837; Schug 1993a
Level IV, n=3,016). A review of publications (primarily audits) looking at the effectiveness of APSs
(77% were physician-based, 23% nurse-based) concluded that the implementation of an APS is
associated with a significant improvement in postoperative pain and a possible reduction in
postoperative neurological symptoms (PONS), but that it was not possible to determine which
model was superior (Werner 2002 Level IV SR, 48 studies, n=84,097). The authors comment,
however, that it is not possible to assess the contribution of factors such as an increased
awareness of the importance of postoperative analgesia, the use of more effective analgesic
regimens (eg epidural analgesia), the effects of APS visits and better strategies for antiemetic
therapy. The benefits of an APS can be enhanced when its role is expanded beyond its
traditional postoperative realm and into the entire patient journey — preoperative,
intraoperative, postoperative and posthospital discharge (Zaccagnino 2017 NR).

Possible benefits of an APS are summarised in Table 3.1.

Given the heterogeneity of APS models and types of patients and pain treated, as well as
variation in the quality of published studies, it is difficult to meaningfully analyse the benefits
or otherwise of an APS. Although systematic reviews have been attempted (McDonnell 2003
Level 1lI-3 SR, 15 studies, n unspecified; NICS 2003 Level IlI-3 SR, 32 studies, n unspecified) (4 Studies
overlap), the poor quality of the studies looking at the effectiveness or otherwise of APSs and
the many different types of APSs, means that a meta-analysis cannot be performed.

In addition, the above studies looked at outcome in terms of immediate pain and
adverse effects in postoperative patients only. It is possible that an APS may benefit patients in
other ways.

Combination of an APS with a physician-based critical-care outreach team, which
systematically reviewed high-risk postoperative patients for 3 d after their return to a general
ward, showed a significant improvement in postoperative outcome with a decrease in serious
adverse effects from 23 to 16 events per 100 patients and 30 d mortality from 9 to 3% (Story
2006 Level I111-2, n=590). Finally, members of an APS may also be more likely to recognise the
early onset of neuropathic pain associated with surgery, trauma or medical disease and
institute the appropriate treatment (Counsell 2008 NR).
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Table 3.1 | Possible benefits of an acute pain service

Benefit References

Better pain relief Stadler 2004; Bardiau 2003; Werner 2002;
Salomaki 2000; Sartain 1999; Gear 1999;
Harmer 1998; Gould 1992

Lower incidence of adverse effects Werner 2002; Sartain 1999; Miaskowski 1999;
Stacey 1997; Schug 1993b

Lower postoperative morbidity/mortality Story 2006

Management of analgesic techniques that Gehling 2003; Senturk 2002; Obata 1999
may reduce the incidence of persistent pain
after surgery

Cost-effective patient care Lee 2010

Reduced persistent pain and discharge Tiippana 2016; Katz 2015
opioid use after surgery

The role of an APS can be extended into the pre-admission (elective cases) and post-acute
phase of recovery. This approach can bridge the gap between ward-based acute pain care and
outpatient chronic pain management. Descriptions of this type of extended and proactive care
suggests a reduction in the occurrence of persistent pain and excessive opioid use after
hospital discharge, which may also be cost-effective (Tiippana 2016 Level IV, n=200; Katz 2015 NR)
(see also 3.3 Economic Considerations).

3.2.2.1 | Safety

Unidimensional management of acute pain can lead to adverse outcomes including opioid-
induced ventilatory impairment (OIVI) (Vila 2005 Level Ill-3; Macintyre 2011 NR). Structural
changes in an APS can minimise such effects (Story 2006 Level 11I-2, n=590). Implementation of
root-cause analysis for critical incidents improved the safety of patients looked after by an
APS; this approach reduced the overall event rate (1.47% vs 2.35) with specific effects on the
rate of respiratory depression (0.41% vs 0.71), severe hypotension (0.78% vs 1.34) and PCA
pump programming errors (0.0% vs 0.08) (Paul 2014 Level 11I-3, n=35,384) (see also Sections 6.6
and 6.8).

Standardised written documentation of APS treatment can potentially improve the safety of
patient care. An agreed and consistent format for prescribing, observation and documentation
of care can reduce unnecessary clinical variation, which is beneficial (Agency for Clinical
Innovation NSW 2016 GL). The use of an electronic medical record (EMR) can facilitate the
function and safety of an institution’s APS. Specifically, these benefits can include clear
documentation, organisation of ward rounds, billing, analysis of patient safety and outcomes,
and integration with research (Goldstein 2014 NR). It is important that the design of an EMR has
features that facilitate usability, efficiency, safety and mobility (Telenti 2018 NR; Mandl 2012 NR;
Grams 2009 NR). The integration of electronic smart-pumps directly into the EMR greatly
increased the accuracy and completeness of recording PCA episode of care vs paper-based
records (38% to 91) (Suess 2019 Level lll-3, n=113).
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KEY MESSAGES

Implementation of an acute pain service may improve pain relief and reduce the incidence
of adverse effects (U) (Level I1I-3).

Even “simple” techniques of pain relief can be more effective if attention is given to
education, documentation, patient assessment and provision of appropriate guidelines
and policies (U) (Level llI-3).

Implementation of root-cause analysis to follow up critical incidents improved the safety
of patients under care of an acute pain service (U) (Level 11I-3).

The following tick boxes represent conclusions based on clinical experience and expert
opinion:

]

]

Successful management of acute pain requires close liaison between all personnel
involved in the care of the patient (U).

More effective acute pain management will result from appropriate education and
organisational structures for the delivery of pain relief rather than the analgesic
techniques themselves (U).

Appropriate institutional support and engagement is important for the effective
implementation of an acute pain service (U).

Procedure-specific analgesic protocols can help optimise analgesia for the individual
patient while reducing adverse effects (U).

The adoption of individualised care pathways (eg SCAMPS) can improve patient
outcomes and reduce clinical variation (N).

The benefit of an acute pain service can be enhanced when acute pain management is
integrated into the pre, intra and postoperative periods (N).

The recruitment of patients ‘at-risk’ for persistent pain and/or excessive opioid use into a
post-discharge treatment service for early review can improve outcomes (N).

Appropriately designed, implemented and integrated Electronic Medical Records (EMR)
can improve the standards of clinical care (N).
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3.3 | Economic considerations in acute pain management

An economic evaluation of healthcare can be described as the “comparative analysis of alternative
courses of action in terms of their costs and consequences” (Drummond 2008 NR). Health economics
aims to maximise health benefits relative to the resources available. This approach is particularly
crucial in a growing and ageing population, with fewer people in the workforce paying taxes, and a
more substantial proportion with chronic conditions and aged care, requiring health services. An
economic assessment of acute pain can be of the overall service provision (eg an APS), or a specific
technique (eg PCA). Areas where acute pain management may affect the economics of healthcare
include: patients, hospitals, and payers/insurers. These impacts may be direct or indirect, where the
costs of delivering pain management may result in savings in other areas of patient treatment.
Limited data indicate potential areas of cost savings arising from improved acute pain care. These
include shorter ICU admissions, decreased cardiac and respiratory adverse events, decreased risk of
postoperative infections, and potentially reduced risk of the development of chronic pain (Gray 2017
NR; Schug 2017 NR).

While the costs of healthcare are relatively easy to measure, the value of healthcare is
harder to quantify (Goldman 2014 NR). Often, the benefits of healthcare are limited to those
occurring within the healthcare system; however, there may be other significant benefits in
society that should also be included eg return to full employment, long-term disability due to
pain, or mental health related to ongoing pain (Drummond 2008 NR). The impact on a patients’
family and carers in their workforce participation and their psychological well-being are further
considerations (Schofield 2019 Level IV).

There are several types of economic assessment that are commonly used in the literature.
These have important differences; there is a consensus agreement on their definitions
(Husereau 2013 GL; Drummond 2005 NR) (see Table 3.2). The most commonly used is cost-
effectiveness analysis, which examines the cost in dollars per additional life-year gained.

In the literature, these terms may be used interchangeably, without correct adherence to
their definitions. No one assessment measure is superior to another, and health economists
debate the merits of each. In addition, issues of social equity, needs, and priorities should also
be part of the decision making process (Schlander 2009 NR; Phillips 2009 NR; McGregor 2003 NR).

In contrast to most commodities, healthcare is a “credence good” (Emons 1997 NR) ie
patients or consumers/stakeholders find it difficult or impossible to determine the utility of a
treatment prior to its consumption. They have to rely on the knowledge of healthcare experts
when choosing a treatment. This situation is also referred to as “asymmetry of knowledge”.

Patients value pain relief highly; a survey of two million USA inpatients found that “how
well their pain was controlled” was the second most important factor in recommending a
hospital (PressGaney 2009 Level IV). When healthcare funding occurs without regard to patient’s
values, then funding for formal acute pain services becomes limited (Sun 2010 NR).

A consistent risk factor for the development of chronic postsurgical pain (CPSP) is poorly
controlled postoperative pain (see Section 1.4). CPSP is an economic burden on society. An
economic report in 2019 found that the total cost of chronic pain in Australia was $73.2 billion,
and that much of chronic pain originates as acute pain (Deloitte Access Economics 2019 NR).
Chronic pain interferes with the return to employment, requires ongoing medical treatment
with its inherent costs, and may require carers at an additional cost, or require informal care
from a family member or friend, influencing their workforce participation (Schofield 2019 IV) .
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Table 3.2 | Definitions of health economic assessment measures

Cost-effectiveness analysis Consequences are measured in natural units, such as life
years gained, disability days avoided, or cases detected

Cost-utility analysis Consequences are measured in terms of preference-based
measures of health, such as quality adjusted life years
(QALY) or disability adjusted life years (DALY).

Cost-benefit analysis Consequences are valued in monetary units

Cost-minimisation analysis Consequences of compared interventions are equivalent
(in terms of clinical efficacy and tolerability), and only
relative costs are compared

Cost-outcome description Costs measured in monetary value and health effects
measured in natural units (eg intensive care unit days
saved, patient satisfaction etc.)

Value of statistical life A method to assign a monetary value to a person’s life (or
a proportion if a disability) using a willingness to pay
approach. This is similar to a QALY.

(Office of Best Practice Regulation 2014 GL)

Economic assessment of pain relief requires direct and indirect evaluation of both the costs
and the benefits. Assessment of subjective experiences, such as a reduction in pain scores, can
be assigned a monetary value using techniques such as ‘willingness to pay’, and ‘human capital
approaches’ (Kumar 2006 NR). These monetary values can then be used in performing a cost-
benefit analysis. Economic analysis needs to include the assessment of a treatment in
comparison with the alternatives eg IV PCA vs prn opioid analgesia. Direct costs can include the
cost of equipment, drugs and staff. Indirect costs can include the duration of hospital stay, use
of ICU, development of persistent pain and treatment of adverse effects. Potential benefits
include: reduction in pain intensity, minimisation of pain-related adverse effects, improved
fast-track recovery and compliance with rehabilitation, as well as earlier return to work of both
the patient and their informal carer (White 2007 NR).

3.3.1 | Economic evaluation of PCA

The direct and indirect costs of PCA for pain relief after three common types of surgery have
been assessed (Palmer 2014 Level Ill-3, n=11,805,513). This evaluation used data from a large
administrative healthcare database (Premier 2015 Level IV). Further cost estimates of adverse
events were derived from the literature. The use of PCA after TKA, THA and open abdominal
surgery was evaluated. The costs included PCA pump usage, setup costs, and costs of IV
extension set, drug, fluid for IV co-infusion and the pump. The total of these costs
(standardised to USS in 2012) during the first 48 h after surgery, were US$204, US$196, and
US$243 respectively. Additionally, cost estimates for particular adverse events in the first 48 h
of PCA use were calculated. These costs were: phlebitis (US$2.18), healthcare worker needle
stick injury (US$1.67), and IV PCA programming error (US$35.52). The assessment of costs for
PCA programming errors did not include newer pumps that have software for the mitigation of
programming errors (ie ‘smart pumps’). The cost of other adverse events, such as respiratory
depression or nausea and vomiting, were not included in this assessment.
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The costs and rates of harmful and non-harmful errors due to the use of IV PCA were
estimated from two large safety-reporting databases in the USA (Meissner 2009 Level IV): the
datasets included medication errors (MEDMARX) and device errors (MAUDE). A cost-
accounting methodology was used, which included direct, indirect and opportunity costs.
These were estimated from published literature, expert consensus, physician billing-charges
and staff labour-rates (standardised to USS in 2006). The estimated average cost of a PCA
adverse event in the medication error dataset was US$733, whereas the cost related to a pump
error was USS$552. If an error led to patient harm, then the cost was 120 to 250 times more
costly than a non-harmful error. For medication incidents, the most expensive harm-causing
error was due to poor communication (US$8,984 per incident). For pump-related errors, the
two most expensive were operator error (USS$5,756) and those of indeterminate cause
(USS6,120). The estimated annual USA error rates per 10,000 patients treated with PCA were
407 for PCA medication errors, and 17 for PCA device errors (see also Section 6.6).

3.3.2 | Economic evaluation of Acute Pain Services

A narrative review (Gray 2017 NR) examined the economic aspects of an APS from within a USA
healthcare perspective. Assessment included the areas of the patient, the hospital and the
payer (insurer). Indirect benefits may include improved outcome over a range of postoperative
measures. This may be relevant for a hospital within an ‘activity-based funding’ agreement. The
use of continuous regional anaesthesia/analgesia techniques can be made more cost-effective
by instigating a single regional block service that covers multiple operating rooms. This service
model could reduce the cost of time delays associated with the initiation of regional
anaesthesia. The treatment options used by a specialised acute pain service could ensure there
is greater use of non-opioids, and mitigation of excess opioid prescribing with that resultant
long-term health cost.

A systematic review of the economic evaluations of APSs has been performed (Lee 2007
Level IV SR, 9 studies, n=14,774). Five of the studies were of nurse-based, anaesthetist-supervised
services. Out-of-pocket expenses and loss of productivity due to absence from work were not
included. No study went beyond five d. Monetary values were standardised to SUS in 2005. The
cost of an anesthetist-led APS ranged from US$31.73 to US$100.37 per patient per d. The cost
of a nurse-based/anaesthetist supervised APS ranged from USS$3.70 to US$50.77 per patient
per d. The cost-savings from a shorter ICU stay were US$9.90 per patient per d. The cost-
savings from a shorter duration of hospital stay were US$11.40 per patient per d. Savings from
reduced nursing time were also identified. Data were not available to compare the economics
of a nurse-based/anaesthetist supervised APS with an anaesthetist-led APS. No studies were of
high quality or included all costs and benefits associated with APS care.

An RCT for the cost-effectiveness of APS care (anaesthetist-led, nurse-based) compared APS
patient care (IV PCA plus adjuvants) with conventional ward analgesia for patients having major
surgery (Lee 2010 Level II, n=423, JS 2). Regional analgesic techniques were not included. Of
patients in the APS group, 86% had one or more d of highly effective pain relief vs 75% in the
conventional care group. Costs were higher in the APS group when compared with the
conventional group by US$46/d. Cost-effectiveness was determined using a ‘willingness-to-pay’
methodology which assigns a monetary value to pain relief. This analysis showed that to be
95% certain of obtaining one d of highly-effective pain relief per patient, the benefit was valued
at USS546.

The cost-utility analysis of a nurse-based APS has been performed (Stadler 2004 Level lil-3,
n=1,975). The interventions used in this APS were: implementation of guidelines, use of
multimodal analgesia, optimum use of systemic opioids as well as NSAIDs and paracetamol,
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along with information pamphlets to patients. In 1.5% of patients, PCA was used; patients
receiving epidural analgesia were not included. The patient population was a large tertiary
hospital that included all surgical subspecialties. Cost-utility was assessed using a measure of
‘Postoperative Pain Days Averted (PPDA)’, which is a health state scale conceptually similar to
quality adjusted life years (QALY). The PPDA measure summarises treatment outcome in terms
of time spent with lower pain scores. A value of “1” represents a state of “no pain”, whereas a
value of “0” represents “worst pain imaginable”. For POD 1 to 3, PPDA values were 0.075
(1.8 h), 0.05 (1.2 h) and 0.0375 (0.9 h) respectively. The incremental cost of pain management
by the APS vs no APS, was 19 Euro per patient per d. The effectiveness of the APS may have
been different if more advanced methods of pain relief had been used. Measuring PPDA
alone may have missed other benefits from improved pain relief (ie quality of life surveys
such as SF-12).

3.3.3 | Economic benefit related to improved patient outcome and reduced
chronic postsurgical pain.

While not intended as economic assessments, there are studies that have measured patient
outcomes, other than pain, which are related to an economic outcome. These are similar to a
cost-effectiveness analysis (see Table 3.2). For example, the mental health issues following
chronic pain, inability to return to the workforce for a patient or informal carers, and the
resultant isolation and psychological distress are all non-monetary considerations. Monetary
considerations of pain outcomes can be considered either from the health system or patient
perspective, depending on whether the issue in question is the impact of pain on the individual
or the health systems. From an individual perspective, out-of-pocket costs, travel, parking and
accommodation for rural patients are considerations, particularly for those with chronic pain.
From the health system perspective, cost includes Medicare costs such as the Pharmaceutical
Benefits Scheme (PBS) or Medicare Benefits Scheme (MBS), outpatient visits, as well as other
hospital costs.

The pattern of opioid prescribing (dose, duration and type) while in hospital and after
discharge are significant instigators of opioid misuse and its resultant economic burden (Neuman
2019 NR; Lowenstein 2018 NR; Shah 2017 Level IV). This important public health problem can be
mitigated by appropriate acute pain strategies in the hospital setting. These may include
analgesic techniques that minimise the dose and duration of opioid use; this includes using non-
opioid analgesic strategies. At the time of patient discharge there needs to be appropriate
limitations on the dose and duration of the prescribed opioids (Lowenstein 2018 NR) (see Sections
8.13 and 10.4.5). The estimated financial cost of prescription opioid misuse in Australia comprises
the costs related to deaths, hospitalisation, and pharmacotherapy. The estimated annual (2018)
costs of these three areas are $4.7 billion, $13.4 million and $60.2 million respectively (Deloitte
Access Economics 2019). These costs may be further mitigated by a real-time prescription
monitoring program which can reduce deaths and the issue of multiple prescribers (“doctor
shopping”) (Finklea 2014 NR; Winters 2013 NR).

A systematic review of patient outcomes after epidural analgesia showed a reduction in the
incidence of costly adverse events. These included a reduced risk of atrial fibrillation,
supraventricular tachycardia, deep vein thrombosis, respiratory depression, atelectasis,
pneumonia, ileus, postoperative nausea and vomiting and improved recovery of bowel
function (Popping 2014 Level | [PRISMA], 125 RCTs, n=9,044) (see section 5.6). These must be
balanced against the increase in adverse events associated with epidural analgesia such as
hypotension, pruritus, urinary retention and motor block.
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One study examined the effect on patient outcome when an APS provided additional advice
on patient care during their usual ward round (Story 2006 Level 11I-3, n=590). Examples of advice
include oxygen therapy, IV fluid management, physiotherapy, analgesia, or calling the medical
emergency team. This APS intervention resulted in a reduction of serious adverse events (from
23 to 16 per 100 patients) and reduced 30 d mortality (9% to 3%).

Chronic postsurgical pain (CPSP) has a significant prevalence, which is typically 1 to 10%
at one year after surgery. This is dependent on the nature of surgery. A consistent predictor
for the development of CPSP is the severity and duration of postoperative pain. The
provision of effective acute pain management can reduce this costly public health problem.
Examples include limb amputation, thoracotomy, craniotomy, joint arthroplasty, breast
surgery and inguinal hernia repair. (Glare 2019 NR). Once CPSP is established, it may be
challenging to treat, resulting in ongoing costs. Additionally, there are indirect costs,
including impairment of return to employment. The annual cost per patient (2018) with
chronic pain was estimated at A$42,979 (Deloitte Access Economics 2019 NR). A potential
strategy to reduce the transition from acute to chronic postsurgical pain, along with its
economic costs, is the use of a transitional pain clinic. Patients at this clinic are reviewed and
managed in the early period after hospital discharge to prevent the progression from acute
to chronic pain and reduce opioid usage (Huang 2016 Level IV; Katz 2015 NR) (see also Section
1.4).

Quantifying the health outcomes of patients immediately after surgery as well as over the
longer term will allow improved assessments of cost-effectiveness of new strategies.

KEY MESSAGES

1. Longterm economic consequences from the progression of acute to chronic
postsurgical and post-traumatic pain can be significant (S) (Level IV).

2. Strategies to optimise acute and subacute pain management (including involvement of
transitional pain services) may reduce the economic burden of chronic pain and
inappropriate prescription opioid use (N) (Level IV).

3. The early pattern of prescription opioid use after surgery may increase the risk of
chronic use with significant direct and indirect economic costs (N) (Level IV).

4. Patients’ willingness to pay for good pain relief is high (S) (Level IV).

5. Costs from PCA errors can be considerable; the most common high cost errors arise
from staff communication error and operator error (S) (Level IV).

The following tick boxes represent conclusions based on clinical experience and expert
opinion:

M There are different measures of economic assessment and analysis used in healthcare;
no one method is the most appropriate (U).

M Prescription drug monitoring may reduce the economic burden through its impact on
inappropriate opioid prescribing (N).
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4.1 | Paracetamol

Paracetamol and its intravenous prodrug propacetamol are the only remaining aniline derived
drugs used in clinical practice; it is an effective analgesic (see below) and antipyretic. It is
absorbed rapidly and well from the small intestine after oral administration with a bioavailability
of between 63 and 89% (Oscier 2009 NR). It can also be given rectally and IV (see below and
Chapter 5).

4.1.1 | Mechanism of action

Despite extensive use since its discovery in the 19" century the mechanism of action of
paracetamol is still not fully understood. In contrast to opioids, paracetamol has no known
endogenous binding sites and, unlike NSAIDs, causes only weak inhibition of peripheral
cyclooxygenase (COX) activity, with apparent selectivity for COX-2 (Graham 2013a NR). Given its
limited peripheral actions the most likely mechanism is a central effect and may involve multiple
pathways:
e When paracetamol is de-acetylated to p-aminophenol it can undergo conjugation with
arachidonic acid by fatty acid amide hydrolase to AM404 in the CNS (Ghanem 2016 NR).
AMA404 has multiple potential mechanisms of action in the CNS. Firstly, it is a weak
cannabinoid receptor agonist as well as a reuptake inhibitor of the endocannabinoid
anandamide. Secondly, it is a potent TRPV1 receptor agonist and a TRPV1 mutation is
associated with paracetamol non-responsiveness in healthy humans volunteers
(Pickering 2020 Level Il EH, n=47, IS 4);
e Paracetamol has been shown to prevent prostaglandin production at the cellular
transcriptional level predominantly in the CNS, independent of COX activity (Mancini
2003 BS). This may also be AM404 mediated as AM404 reduces PGE-2 release from
activated microglia (Saliba 2017 BS). This effect is independent of cannabinoid and TRPV1
receptor effects;
¢ Indirect effects on the serotonergic system appear to be important. In volunteers,
coadministration of tropisetron or granisetron blocked the analgesic effects of
paracetamol (Pickering 2008 EH; Pickering 2006 EH). In children undergoing tonsillectomy
who all received paracetamol, a fixed dose of morphine and betamethasone,
administration of ondansetron was associated with significantly more morphine in
recovery vs droperidol, but no change in codeine over the first 24 h (Ramirez 2015 Level I,
n=69, IS 4).

4.1.2 | Efficacy

For paediatric specific information see 10.4.1.1

Perioperative use

Single doses of paracetamol are effective in the treatment of postoperative pain. The NNTs for a
variety of doses, as well as combinations of paracetamol with other analgesic medicines such as
codeine, are discussed in Chapter 5 and listed in Table 5.1.

There is no good evidence for a dose-dependent analgesic effect of oral paracetamol; the
effects of 500 mg (NNT 3.5; 95%Cl 2.7 to 4.8), 600/650 mg (NNT 4.6; 95%CI 3.9 to 5.5) and
1,000 mg (NNT 3.6; 95%Cl 3.2 to 4.1) show no statistically significant difference (Moore 2015b
Level | [Cochrane], 53 RCTs, n=5,679). Although in clinical practice there is no clear evidence of a
dose-response relationship, experimental surgical models have shown that the maximal
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effective dose is 1000 mg. Paracetamol by all routes of administration has an opioid-sparing
effect on PCA-morphine consumption (MD over 24 h -6.3 mg; 95%Cl -9.0 to -3.7), although this
effect is inferior to nsNSAIDs and coxibs (Maund 2011 Level I, 60 RCTs,
n unspecified).

Oral paracetamol given 1 h prior to surgery reduced the pain intensity of propofol injection:
by a median NRS of 2/10(IQR 0 to 3) for 500 mg and 4/10 (2 to 5) for 1,000 mg vs placebo 8/10
(7 to 10) (Nimmaanrat 2019 Level Il, n=324, JS 5).

IV paracetamol is also an effective analgesic after surgery with an NNT of 4.0 (95%Cl 3.5 to
4.8) over 4 h and an NNT of 5.3 (95%Cl 4.2 to 6.7) over 6 h (Tzortzopoulou 2011 Level | [Cochrane],
36 RCTs, n=3,896). When paracetamol is used as an adjuvant to opioid analgesia, opioid
requirements are reduced by 30% over 4 h after a single IV dose. For hip and knee arthroplasty,
there is a reduction in pain scores for each of the first 3 PODs (POD 1: WMD -0.95; 95%Cl -1.2 to
-0.7) and opioid consumption (POD 1: WMD -3.1; 95%Cl -4.1 to -2.1) (Yang 2017a Level | [PRISMA],
4 RCTs, n=865).

IV paracetamol given perioperatively reduces PONV when administered before recovery
from anaesthesia (Apfel 2013 Level | [PRISMA], 30 RCTs, n=2,364). This effect is correlated to pain
relief achieved, but not to reduced opioid consumption. IV paracetamol given before incision is
more effective than post incision in reducing pain at 1 h (MD -0.50; 95%Cl -0.98 to -0.02) and
2 h (MD -0.34; 95%Cl - 0.67 to -0.01), 24 h opioid consumption (SMD 0.52; 95%Cl -0.98 to -0.06)
and PONV (RR 0.50; 95%Cl 0.31 to 0.83) (Doleman 2015b Level I [PRISMA], 7 RCTs, n=544).

Other acute pain indications

Paracetamol is superior to placebo for migraine (NNT 12 for pain-free response at 2 h) and
reaches the efficacy of sumatriptan when combined with 10 mg metoclopramide (Derry 2013a
Level | [Cochrane], 11 RCTs, n=2,942). In episodic tension-type headache (TTH), paracetamol is
mildly effective at 2 h (NNT for mild pain or pain free 10; 95%CI 7.9 to 14) (Stephens 2016 Level |
[Cochrane], 23 RCTs, n=8,079). Paracetamol is also superior to placebo for postpartum perineal pain
(OR 2.14; 95%CI 1.59 to 2.89) (Chou 2013 Level I, 10 RCTs, n=1,377) but less effective than NSAIDs
(Wuytack 2016 Level | [Cochrane], 3 RCTs, n=342). Paracetamol does not appear to be effective for
acute low back pain (Saragiotto 2016 Level | [Cochrane], 3 RCTs, n=1,825).

Paracetamol in combinations

The combination of paracetamol and NSAIDs is more effective than either paracetamol or NSAID
alone (Martinez 2017 Level | [NMA], 2 RCTs, n=85 [paracetamol/NSAID]; 60 RCTs, n=3,259 [NSAIDs]; 20
RCTs, n=699 [paracetamol]; Ong 2010 Level I, 21 RCTs, n=1,909). This in particular is shown for the
combination of paracetamol and ibuprofen in the setting of wisdom tooth removal (Bailey 2013
Level I [Cochrane], 7 RCTs, n=2,241).

A combination of 1,000 mg paracetamol with 130 mg caffeine is more effective than
paracetamol alone (OR 1.12; 95%CI 1.05 to 1.19) in a range of painful conditions with no safety
concerns (Palmer 2010 Level | [QUOROM], 8 RCTs, n=2,510).

Combinations of paracetamol with opioids such as codeine, tramadol or hydrocodone show
increased efficacy (see Section 5.1.3.1.).

4.1.3 | Adverse effects

For paediatric specific information see 10.4.1.3
Paracetamol has fewer adverse effects than NSAIDs and can be used when the latter are
contraindicated (eg patients with a history of renal impairment, asthma or peptic ulcers).
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4.1.3.1 | Hepatic effects

The risk of hepatotoxicity from therapeutic doses (maximum 4 g/24 h) is not supported by
current data (Dart 2007 Level IV SR, 791 studies, n=40,202). The higher number of findings in the
retrospective vs the prospective studies suggests that some of these cases may be inadvertent
overdoses. Similar safety has also been shown in a paediatric population with no cases of liver
disease, need for antidote or transplantation, or death (95%Cl 0.000 to 0.009) and only 0.031%
of cases (95%ClI 0.015 to 0.057) with major or minor hepatic adverse effects (Lavonas 2010
Level IV SR, 62 studies, n=32,414). In conclusion, hepatotoxicity from therapeutic doses of
paracetamol is extremely rare (Caparrotta 2018 NR; Graham 2013a NR).

Guidelines based on individual case reports only recommend that paracetamol should be
used with caution or in reduced doses in patients with low body weight (<50 kg), active liver
disease, history of heavy alcohol intake, older age, malnutrition, Gilbert’s syndrome and glucose-
6-phosphate dehydrogenase deficiency (NPS MedicineWise 2015 GL; Queensland Health 2014 GL;
NSW TAG 2008 GL); however, consistent evidence of increased risk in these settings is lacking
(Caparrotta 2018 NR; Graham 2013a NR). Therapeutic doses of paracetamol are an unlikely cause of
hepatotoxicity in patients who ingest moderate to large amounts of alcohol. In subjects who
consume alcohol, no elevation of alanine aminotransferase levels was noted with up to 4 g/d of
paracetamol for at least 4 d (Rumack 2012 Level | [PRISMA], 5 RCTs, n=551); no cases of hepatic
failure or death were observed in any published prospective trial of moderate to heavy alcohol
drinkers. In patients newly abstinent after abusing alcohol, therapeutic doses of paracetamol
had no effect on parameters of liver function (Dart 2010 Level Il, n=142, JS 5).

There is no evidence that patients who have depleted glutathione stores (eg patients who
are malnourished or who have cirrhosis, hepatitis C or HIV) are at increased risk of liver
dysfunction when exposed to therapeutic doses of paracetamol (Caparrotta 2018 NR; Graham
2013a NR). However, there is a potential association between acute liver failure and therapeutic
paracetamol doses in paediatric patients with myopathies (Ceelie 2011 Level IV, n=2).

Paracetamol overdose is a common cause of acute liver failure (Caparrotta 2018 NR; Graham
2013a NR); in the USA 30,000 patients are hospitalised every year for paracetamol overdose, of
which >50% are unintentional and 17% result in hepatotoxicity (Blieden 2014 NR). In a multiethnic
Asian population, the hepatotoxicity rate was lower at 7.3% (Marzilawati 2012 Level IV, n=1,024).
Treatment should be with acetylcysteine; there is no obvious advantage of IV over oral
administration (Green 2013 Level 1lI-3 SR, 16 studies, n=5,164). Treatment delays increase the
incidence of hepatotoxicity; a detailed systematic review on interventions for treatment of
paracetamol poisoning (Chiew 2018 Level | [Cochrane], 11 RCTs, n=700) and treatment guidelines
have been published (Chiew 2020 GL).

4.1.3.2 | Renal effects

Newly diagnosed chronic kidney disease patients had an increased risk of end-stage renal disease
with paracetamol use (OR 2.92; 95%Cl 2.47 to 3.45) and higher risk with increasing dose exposure
(Kuo 2010 Level l1I-2, n=19,163).

4.1.3.3 | Cardiovascular effects

There is a potential association between premature closure of ductus arteriosus and maternal
paracetamol use in pregnancy (Allegaert 2019 Level IV SR, 12 studies, n=25). Given paracetamol has been
shown to be as effective as ibuprofen for closure of a patent ductus arteriosus in preterm neonates
(Ohlsson 2018 Level | [Cochrane], 8 RCTs, n=916), it seems reasonable to recommend that (as with all
medications) use should be limited to the minimum dose and duration that is clinically necessary.
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The overall effect of oral paracetamol on long term blood pressure remains unclear;
observational studies (4 studies, n=155,910) show a variable association between paracetamol use
and increased hypertension, but RCTs (6 RCTS, n=152) have inconsistent results (Turtle 2013
Level 11I-3 SR, 6 RCTs and 4 studies, n=156,062).

Paracetamol may interact with warfarin to increase the International Normalised Ratio (INR)
(Hughes 2011 Level IV SR, 5 studies (& 5 case reports), n=345; Pinson 2013 Level IV SR, 6 studies (& 2 case
reports); n=365) (5 studies and 2 case reports overlap).

For information on IV paracetamol and hypotension of see Section 5.2.1.

4.1.3.4 | Respiratory effects

In children, exposure to paracetamol was associated with an increased incidence of asthma
(pooled OR 1.63; 95%Cl 1.46 to 1.77) (Etminan 2009 Level lll-3 SR, 19 studies, n=425,140). There are
also claimed associations between the use of paracetamol in pregnancy and subsequent asthma
in childhood (OR 1.19; 95%Cl 1.12 to 1.27) (Fan 2017 Level lll-3 SR, 13 studies, n=1,043,109). For
details see Section 10.4.1.3.

4.1.3.5 | Carcinogenic effects

A review of epidemiological studies of paracetamol and cancer found mixed studies with respect
to renal cell carcinoma and very limited positive studies with plasma cell disorders and leukaemia
and otherwise a null effect on other types of cancer (Weiss 2016 NR).

4.1.3.6 | Neurodevelopmental effects

Epidemiological studies show an association between attention deficit disorder and paracetamol
usage in pregnancy: for longer >29 d (HR 2.2; 95%Cl 1.50 to 3.24), but not short duration use <8
d (HR 0.90; 95%Cl 0.81 to 1.00) (Ystrom 2017 Level llI-3, n=112,973). For details see Section 9.1.1.1
and 10.4.1.3.

Caution should be used with interpretation of all these retrospective analyses because of the
possible effect of unknown or unmeasured confounding factors; the relevance to use limited to
an acute situation is also unclear.

KEY MESSAGES

1. Paracetamol is an effective analgesic for acute pain; the incidence of adverse effects is
comparable to placebo (U) (Level | [Cochrane Review]).

2. Paracetamol given in addition to PCA opioids reduces opioid consumption but does not
result in a decrease in opioid-related adverse effects (U) (Level I).

3. Hepatotoxicity with therapeutic doses of paracetamol is extremely rare (U) (Level IV)
and not associated with alcohol consumption (U) (Level I [PRISMA]).

The following tick boxes represent conclusions based on clinical experience and expert
opinion:

M Emerging evidence suggests that maternal paracetamol use may influence premature
closure of the fetal ductus arteriosus (N).
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4.2 | Nonselective NSAIDs and coxibs

4.2.1 | Systemic nonselective nonsteroidal anti-inflammatory drugs

The term NSAIDs refers to both nonselective NSAIDs (nsNSAIDs) and coxibs (COX-2 selective
inhibitors). NSAIDs have a spectrum of analgesic, anti-inflammatory and antipyretic effects and
are effective analgesics in a variety of acute pain states. Many effects of NSAIDs can be
explained by inhibition of prostaglandin synthesis in peripheral tissues, nerves and the CNS
(Botting 2006 NR). However, NSAIDs and aspirin may have other mechanisms of action
independent of any effect on prostaglandins, including effects on basic cellular and neuronal
processes. Prostaglandins are produced by the enzyme prostaglandin endoperoxide synthase,
which has both COX and hydroperoxidase sites. Subtypes of the COX enzyme have been
identified; the “constitutive” COX-1 and the “inducible” COX-2; COX-3 does not appear to play
a significant role in fever or inflammation in humans (Kam 2009 NR; Botting 2006 NR; Gajraj 2005
NR; Simmons 2004 NR).

Prostaglandins regulate many physiological functions including gastric mucosal
protection, bronchodilation, renal tubular function and intrarenal vasodilation. Production
of endothelial prostacyclin leads to vasodilation and prevents platelet adhesion, whereas
thromboxane, produced from platelets by COX, results in platelet aggregation and
vasoconstriction. With the exception of prostacyclin synthesis (mediated largely through
COX-2), such physiological roles are mainly regulated by COX-1 and this is the basis for many
of the adverse effects associated with nsNSAID use. Tissue damage induces COX-2
production leading to synthesis of prostaglandins that result in inflammation, peripheral
sensitisation of nociceptors and consequently increased pain perception. COX-2 induction
within the spinal cord plays a role in central sensitisation. COX-2 may also be “constitutive”
in some tissues, including the kidney, cardiovascular system and brain and is overexpressed
in some cancers (Kam 2009 NR).

NSAIDs are reversible COX inhibitors with the exception of aspirin, which binds covalently
and acetylates the enzyme irreversibly. In platelets, the enzyme cannot be replenished leading
to prolonged inhibition of platelet function with minimal inhibition of endothelial prostacyclin;
this confers cardiovascular protection at low dosages of aspirin. NsNSAIDs are “nonselective”
COX inhibitors that inhibit both COX-1 and COX-2. The coxibs have been developed to inhibit
selectively, but not specifically, COX-2 (Botting 2006 NR; Gajraj 2005 NR; Simmons 2004 NR).

4.2.1.1 | Efficacy

Single doses of oral nsNSAIDs are effective in the treatment of pain after surgery (Moore 2015b
Level | [Cochrane], RCTs =460, n=50,000). For a list of NNTs for each medicine see
Table 5.1. However, while useful analgesic adjuvants, they are often inadequate as the sole
analgesic agent in the treatment of severe postoperative pain (Cepeda 2005 Level II, n=1,003,
JS5).

They are also effective analgesics in chronic low-back pain (Enthoven 2016 Level I [Cochrane],
13 RCTs, n= 4,807), renal colic (Afshar 2015 Levell [Cochrane], 50 RCTs, n=5,734), primary
dysmenorrhoea (Marjoribanks 2015 Level I [Cochrane], 80 RCTs, n=5,820), migraine (Rabbie 2013
Level I [Cochrane], 9 RCTs, n=4,473); Derry 2013b Level | [Cochrane], 5 RCTs, n=1,356), acute ankle
sprains (van den Bekerom 2015 Level I, 28 RCTs, n unspecified), biliary colic (Colli 2012 Level I, 11 RCTs,
n=1,076) and acute muscle injury (Morelli 2018 Level | [PRISMA], 41 RCTs, n=5,343).

For more information on use in migraine see Section 8.6.5.2 and in paediatrics Section 10.9.3.
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Nonselective NSAIDs are integral components of multimodal analgesia (Young 2012 NR;
Buvanendran 2009 NR; Kehlet 1997 NR). When given in combination with IV PCA morphine after
surgery, nsNSAIDs result in better analgesia, reduced opioid consumption (MD over 24 h -10.2
mg; 95%Cl -11.7 to -8.7) and a lower incidence of PONV (OR 0.70; 95%Cl 0.53 to 0.88) (Maund
2011 Level I, 60 RCTs, n unspecified). Similar findings were made in the paediatric setting (Michelet
2012 Level I, 27 RCTs, n=985).

The combination of paracetamol and NSAIDs is more effective than paracetamol or NSAID
alone (Martinez 2017 Level | [NMA], 2 RCTs, n=85 [Paracetamol/NSAID]; 60 RCTs, n=3,259 [NSAIDs]; 20
RCTs, n=699 [paracetamol]; Ong 2010 Level I, 21 RCTs, n=1,909). This is particularly well documented
for the combination of paracetamol and ibuprofen in the setting of wisdom tooth removal (Bailey
2013 Level I [Cochrane], 7 RCTs, n=2,241).

Administration of ketorolac to patients with rib fractures reduced the incidence of
pneumonia (OR 0.14; 95%Cl 0.04 to 0.46) and reduced requirements for ICU admission and
ventilation (Yang 2014 Level 111-2, n=619). The perioperative use of nsNSAIDs, predominantly rectal
diclofenac and indomethacin, for endoscopic retrograde cholangiopancreatography (ERCP)
reduces the risk of post-ERCP pancreatitis vs placebo (RR 0.54; 95%Cl 0.45 to 0.64) (Liu 2019 Level |
[PRISMA], 19 RCTs, n=5,031).

In cancer surgery, initial data suggested benefits of intraoperative use of nsNSAIDs in
breast cancer patients (reduced recurrence rate and lower mortality) and in lung cancer
patients (lower metastases risk and longer survival) (Forget 2013 Level llI-2, n=720). In breast
cancer surgery, intraoperative administration of nsNSAIDs (ketorolac or diclofenac) was
associated with an improved disease-free survival (HR 0.57; 95%CI 0.37 to 0.89) and better
overall survival (HR 0.35; 95%Cl 0.17 to 0.70) (Forget 2014 Level 11I-2, n=720). However, a more
recent case control study found a reduction of distant recurrences with ketorolac, but not
diclofenac (Desmedt 2018 Level llI-2, n=1,834). Despite epidemiological associations with NSAIDs
reducing prostate cancer risk, pre-operative courses of celecoxib 400mg BD did not appear to
increase tumor cell apoptosis in surgical specimens (Flamiatos 2017 Level Il, n=28, JS 5). NSAID
administration (primarily ibuprofen) after colorectal surgery was associated with reduced
recurrence in a historical case series (aHR 0.84; 95%Cl 0.72 to 0.99) (Schack 2019 Level IlI-3,
n=2,308).

4.2.1.2 | Adverse effects

Adverse effects of nsNSAID are more common with long-term use; the major concerns relate to
the gastrointestinal, renal and cardiovascular systems. In the perioperative and acute period, the
main concerns are renal impairment, interference with platelet function, wound and bone
healing and peptic ulceration or bronchospasm in individuals at risk. Certain risks are
accentuated in the perioperative period because of pre-existing comorbidities, concurrent
medications, haemodynamic disturbances, fluid shifts, activation of the neurohumoral stress
response and deficient enteral feeding.

In general, the risk and severity of nsNSAID-associated adverse effects is increased in elderly
people (Juhlin 2005 Level I, n=14, IS 4; Pilotto 2003 Level lll-2, n=2,251). For this reason, opioids are
sometimes used in preference to NSAIDs. A cohort study of elderly patients with arthritis (mean
age 80y) started on nsNSAIDs, coxibs or opioids challenges the assumption that opioids are safer
in that population, showing increased rates of fracture, hospital admission and all-cause
mortality in the opioid cohort and similar or higher rates of cardiovascular, renal and
gastrointestinal adverse effects (Solomon 2010 Level 1lI-2; n=12,840). Overall the nsNSAID cohort
appeared to have the lowest risk for adverse effects.
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Gastrointestinal effects

Chronic nsNSAID use is associated with peptic ulceration and bleeding and the latter may be
exacerbated by the antiplatelet effect (Bhala 2013 Level I, 754 RCTs, n=353,809). All long-term
nsNSAID regimens increase the risk of upper gastrointestinal complications (diclofenac RR 1.89;
95%Cl 1.16 to 3.09; ibuprofen RR 3.97; 95%Cl 2.22 to 7.10; naproxen RR 4.22; 95%Cl 2.71 to
6.56). The combination of an nsNSAID with an SSRI further increases the risk of upper
gastrointestinal bleeding (Anglin 2014 Level IlI-2 SR, 19 studies, n>393,268). In patients with
rheumatoid arthritis, steroids and NSAIDs appear to be additive in increasing gastric ulceration
(Tsujimoto 2018 Level 11I-2, n=1,704).

Acute gastroduodenal damage and bleeding can also occur with short-term nsNSAID use; the
risk is increased with higher doses, a history of peptic ulceration, use for >5 d and in patients >75
years of age (Strom 1996 Level llI-3, n=10,272 [uses of parenteral ketorolac]). After 6.5 d of naproxen
and 5 d of ketorolac use in healthy elderly subjects (65 to 75 y of age), ulcers were found on
gastroscopy in 18 and 23% of cases respectively (Goldstein 2003 Level Il, n=168, JS 4; Stoltz 2002 Level
Il, n=94, JS 4; Harris 2001 Level ll, n=17 [terminated due to high incidence of gastrointestinal ulcers in both
nsNSAID groups], JS 4). Importantly, such endoscopic findings do not correlate with dyspeptic
symptoms; these consequently cannot be relied upon as an indicator of potential harm (Dib 2014
Level llI-2, n=1,231).

The relative risk of hospital admission for perforations, ulcers and bleeds associated with
nsNSAIDs is estimated as 5.3 vs people not consuming nsNSAIDs (Lanas 2003 Level llI-2, n=3,532).
Use of ketorolac and piroxicam carried the highest risk. Concurrent use of a proton-pump
inhibitor (PPI) significantly reduced the incidence of nsNSAID-related peptic ulcer disease
(Targownik 2008 Level 11I-2, n=35,339). However, concurrent use of a PPl and nsNSAID (diclofenac)
was still associated with an increased risk of clinically significant upper or lower gastrointestinal
adverse effects vs coxib alone (RR 4.3; 95%Cl 2.6 to 7.0) (Chan 2010b Level I, n=4,484, IS 5).
Suppression of gastric acid by PPI to reduce nsNSAID-induced gastropathy may increase the risk
of enteropathy lower in the gastrointestinal tract (Blackler 2014 NR), possibly from changes in gut
flora (Minalyan 2017 NR).

Colonic diverticular bleeding is also increased by aspirin (RR 1.73; 95%Cl 1.31 to 2.30) and
other nsNSAIDs (RR 2.24; 95%Cl 1.63 to 3.09) (Yuhara 2014 Level lll-2 SR, 6 studies, n~52,000).

Renal effects

Renal prostaglandins regulate tubular electrolyte handling, modulate the actions of renal
hormones and maintain renal blood flow and glomerular filtration rate in the presence of
circulating vasoconstrictors. The adverse renal effects of chronic nsNSAID use are common and
well recognised. In some clinical conditions, including hypovolaemia, dehydration and major
surgery, high circulating concentrations of the vasoconstrictors angiotensin I, noradrenaline and
vasopressin increase production of intrarenal vasodilators including prostacyclin; maintenance
of renal function may then depend on prostaglandin synthesis and thus can be sensitive even to
brief nsNSAID administration (McDowell 2014 NR).

In patients with normal preoperative renal function, NSAIDs vs placebo may slightly increase
serum creatinine (MD 3.23 micmol/L; 95%Cl -0.80 to 7.26), however effects on acute kidney
injury and need for renal replacement therapy are uncertain (Bell 2018 Level | [Cochrane], 26 RCTs,
n=8,943). The risk of adverse renal effects of nsNSAIDs and coxibs is increased in the presence of
factors such as pre-existing renal impairment, hypovolaemia, hypotension, use of other
nephrotoxic agents including angiotensin-converting enzyme (ACE) inhibitors (Juhlin 2005 Level I,
n=14, JS 4), IV contrast media and aminoglycosides (RCA 1998 Level IV). Of note, a trial of naproxen
following cardiac surgery was stopped because of an increased rate of renal failure (7.3 vs 1.3%)
(Horbach 2011 Level Il, n=161, JS 5). This is confirmed by an analysis of a French pharmacovigilance
database, which showed that acute renal failure caused by drug interactions between NSAIDs
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and ACE inhibitors, angiotensin-receptor blockers or diuretics was a common issue (Fournier 2014
Level IV, n=11,442 [notifications of adverse drug reactions]).

After nephrectomies, evidence is limited and contradictory with a continuous infusion of
ketorolac for 24 h after laparoscopic donor nephrectomy having no significant effect on renal
function for up to 18 mth postoperatively (Grimsby 2014 Level II, n=111, IS 3), but a retrospective
case series of donor nephrectomies found a reduction in renal function at 12 mth despite less
pain and a shorter LOS (Takahashi 2017 Level llI-2, n=251). Another retrospective case series found
no associations at 1 wk, 1y or 5y (Tabrizian 2019 Level llI-2, n=862).

In the PRECISION trial, long-term use of ibuprofen for treatment of arthritis was associated
with significantly more serious renal events than celecoxib (HR 0.61; 95%Cl 0.44 to 0.85), but not
naproxen (HR 0.79; 95% Cl, 0.56 to 1.12) (Nissen 2016 Level I, n=24,081, JS 5).

Overall in the general population, NSAID (including coxib) usage is associated with an
increased risk of AKI (OR 1.73; 95%Cl 1.44 to 2.07) as well as exacerbation in patients with CKD
(OR 1.63; 95%Cl 1.22 to 2.19) (zhang 2017a Level l1l-3 SR, 10 studies, n=1,609,163).

For more information on paediatric effects see Section 10.4.2.3.

Cardiovascular effects

Most publications looking at the risk of cardiovascular adverse effects associated with nsNSAID
use also include information relating to risks with coxibs (see the more detailed discussion under
Section 4.3.2 below).

For some years it has been known that ibuprofen may impede access of aspirin to platelet
COX-1 and may abrogate the protective effect of aspirin (Hudson 2005 Level 1lI-2, n=18,503;
MacDonald 2003 Level llI-2, n=7,107). Subsequent research indicates that a degree of inhibition may
occur with most nsNSAIDs and even some coxibs; while not blocking COX-1, they may block
aspirin from reaching it (Nalamachu 2014 NR). This is backed up by an ad hoc analysis of PRECISION
trial data which showed worse cardiovascular outcomes of aspirin/ibuprofen vs aspirin/celecoxib
(HR 1.27; 95%CI 1.06 to 1.51) (Reed 2018 Level llI-2, n=23,953). Impaired aspirin inhibition of
platelet function is described in multiple studies for ibuprofen, flufenamic acid, mefenamic acid,
piroxicam, nimesulide and dipyrone, while there is conflicting evidence with respect to naproxen,
celecoxib, rofecoxib and sulindac, and no inhibition was seen with diclofenac, etoricoxib,
ketorolac, ketoprofen, meloxicam or paracetamol (Polzin 2013 Level I11-2; Meek 2013 EH; Saxena
2013 EH). The FDA issued a caution specifically about the concomitant use of aspirin and
ibuprofen, which states that ibuprofen should be “given at least 8 hours before or at least 30
minutes after imnmediate release aspirin” (FDA 2006 GL).

Platelet effects and bleeding

Nonselective NSAIDs inhibit platelet function on aggregometry with naproxen and ibuprofen
showing a mild antiplatelet effect for up to 72 and 48 h respectively where meloxicam and
celecoxib show essentially no antiplatelet activity (Scott 2014 BS).

More recent studies and meta-analyses seem to show less impact of perioperative nsNSAIDs
on bleeding compared to older ones, perhaps reflecting improvements in surgical technique and
reduced total blood loss. A recent meta-analysis found no increased haematoma risk in plastic
surgery (OR 1.39; 95%CI 0.82 to 2.37) (Walker 2019 Level I [PRISMA] 15 studies, n=3,064) and in
another meta-analysis ketorolac did not increase the rate of postoperative bleeding (OR 1.1;
95%Cl 0.61 to 2.06) (Gobble 2014 Level I, 27 RCTs, n=2,314). In a cohort study in paediatric
neurosurgery, ketorolac was not associated with an increase in clinically significant bleeding
events (OR 0.69; 95%Cl 0.15 to 3.1) or radiographic haemorrhage (OR 0.81; 95%Cl 0.43 to 1.51)
(Richardson 2016 Level 1lI-2, n=1,451). In contrast, in a previous meta-analysis the rate of surgery-
related bleeding was 2.4% after nsNSAIDs vs 0.4% with placebo (Maund 2011 Level I, 6 RCTs
[bleeding], n=695). In another meta-analysis the use of nsNSAIDs showed a significant increase in
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risk of severe bleeding from 0 to 1.7% vs placebo (NNH 59) (Elia 2005 Level I, 52 RCTs, n=4,893). A
retrospective analysis using data from 2003 to 2016 looking at transfusion risk for hip fractures
found a small increase in risk of transfusion with preoperative nsNSAID use within 90 d of surgery
(RR 1.07; 95%CI 1.04 to 1.10) (Glassou 2019 Level lll-2, n=74,791). Other older evidence showing an
increased risk of bleeding includes ibuprofen in total hip arthroplasty (THA) (Fransen 2006 Level I,
n=902, JS 5), tenoxicam in otorhinolaryngological surgery (Merry 2004 Level Il, n=1,001, JS 5) and
diclofenac vs rofecoxib in gynaecological and breast surgery (Hegi 2004 Level Il, n=50, JS 5).

Bleeding after tonsillectomy is of clinical significance but occurs infrequently; nsNSAID use
and post tonsillectomy bleeding remains controversial with conflicting evidence. The most
recent meta-analysis found no statistically significant increase of any outcome related to
bleeding with the perioperative use of nsNSAIDs in tonsillectomy (Riggin 2013 Level I, 36 RCTs,
n=3,193). This was found for most severe bleeding outcome (OR 1.30; 95%Cl 0.90 to 1.88),
bleeding requiring reoperation (OR 1.32; 95%Cl 0.59 to 2.95), bleeding requiring readmission (OR
1.08; 95%Cl 0.54 to 2.15), bleeding managed conservatively (OR 1.56; 95%Cl 0.91 to 2.66) and
secondary haemorrhage (OR 0.90; 95%Cl 0.40 to 2.01). There is also no increased bleeding
outcome in the paediatric subgroup of this meta-analysis (19 RCTs, n=1,747), which is in line with
another meta-analysis in children only (OR 1.69; 95%Cl 0.71 to 4.01) (Lewis 2013 Level I [Cochrane],
15 RCTs, n=1,101) (see also Section 10.4.2.3 for details). However, neither of these meta-analyses
include a subsequent multicentre RCT which was unable to show non-inferiority of ibuprofen to
paracetamol with respect to bleeding requiring surgery in paediatric patients (1.2% vs 2.9%,;
p=0.12 for noninferiority) (Diercks 2019 Level Il, n=741, JS 5). The above meta-analysis (Riggin 2013
Level I, 46 RCTs, n=4,878) could not identify a specific risk for any nsNSAID including aspirin (OR
4.23; 95%Cl 0.64 to 27.66) (3 RCTs, n=1,610) and ketorolac (OR 2.01; 95%Cl 0.62 to 6.54) (8 RCTs;
n=579). These findings are contradicted by a previous larger meta-analysis on aspirin (OR 1.94;
95%Cl 1.09 to 3.42) (Krishna 2003 Level I, 7 RCTs, n=1,368) and a systematic review on ketorolac
(Chan 2014 Level 1lI-2 SR [PRISMA], 10 studies, n=1,357). The latter found an overall increased risk of
bleeding post tonsillectomy with ketorolac (RR 2.04; 95%Cl 1.32 to 3.15), which was also found
in adults (RR 5.64; 95%CI 2.08 to 15.27) (3 studies, n=246) but not in children (RR 1.39; 95%CI| 0.84
to 2.30) (7 studies, n=1,111).

For more information on paediatric effects see Section 10.4.2.3 and on post-tonsillectomy
pain see Sectioin 8.6.7.3.

Hypersensitivity and NSAID-exacerbated respiratory disease (NSAID-ERD)
NSAIDs, especially nsNSAIDs, are one of the most common causes of drug-induced
hypersensitivity reactions. Acute reactions include rhinitis, asthma, urticaria, angioedema and
anaphylaxis, while delayed reactions include fixed drug eruptions, Stevens-Johnson syndrome,
toxic epidermal necrolysis, maculopapular reactions, pneumonitis, nephritis or aseptic
meningitis (Kowalski 2019 GL). This guideline advises on classification, diagnosis and management.
NSAID-ERD has a community prevalence of 1.8% and affects 10-20% of adults with asthma
and 5% of children with asthma (Kowalski 2019 GL). Bronchospasm usually occurs within 1 to 2 h
of exposure and precipitation is related to COX-1 activity, while both COX-2 selective NSAIDs
(eg celecoxib and etoricoxib) and COX-2 preferential inhibitors (eg nimesulide and meloxicam)
being usually well tolerated. See also Section 4.2.2.2 below.

Bone and ligament healing

Ever since the first study in 1976 showed impaired osteoblastic activity with indomethacin in
rodent bone models of fracture there has been concern about the effect of NSAIDs on bone
healing. The most recent meta-analysis of cohort studies shows an association between long-
term NSAID usage and delayed union or disunion (OR 2.07; 95%Cl 1.19 to 3.61), but not with low
dose or short duration (<2 wk) (OR 1.68; 95%Cl 0.63 to 4.46) or in paediatric populations (OR
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0.58; 95%Cl 0.27 to 1.21) (Wheatley 2019 Level I1l-2 SR, 19 studies, n=15,242 bones). Given the non-
randomised cohort nature of this evidence, it may be that patients are taking NSAIDs for longer
for a painful non-healing fracture rather than NSAIDs being a causative agent and a firm
conclusion is unlikely without a large and well-designed randomised control trial.

In a meta-analysis which included primarily anterior cruciate ligament (ACL) reconstructions
(93%) no difference in surgical failure was seen (3.6 vs 3.7%) (Constantinescu 2019 Level IlI-2 SR,
4 studies, n=4,451)

Anastomotic leakage and colorectal surgery

Rodent models of anastomotic leakage have for some time shown reduced collagen formation
in rodents given diclofenac leading to concerns about the effect of NSAIDs on anastomotic leak
rate in humans (Klein 2012 BS). The two most recent meta-analyses of primarily cohort studies
show an increased anastomotic leak rate with nsNSAIDs (OR 2.02; 95%Cl 1.62 to 2.50 and OR
1.79; 95%CI 1.47 to 2.18 respectively) (Modasi 2019 Level I11-2 SR [PRISMA], 8 studies, n=9,835; Huang
2018 Level 11I-2 SR, 17 studies, n=26,098) (4 studies overlap). Subgroup analysis was unable to show
any increase with either selective COX-2 inhibitors (OR 1.17; 95%Cl 0.50 to 2.74) or ketorolac (OR
1.36; 95%CI 0.89 to 2.06)). A high risk of publication bias was detected.

NSAIDs do, however, improve recovery of gastrointestinal function with evidence for faster
return of flatus (MD -17.73 h; 95%Cl -21.26 to -14.19), stool passage (MD -9.52 h; 95%Cl -14.74
to -4.79), and oral feeding tolerance (MD -12.00 h; 95%CI -18.01 to -5.99 h) (Chapman 2019 Level
I [PRISMA], 6 RCTs, n=563). NSAIDs also reduce the recurrence rate of colorectal adenomas after
endoscopic resection (RR 0.68; 95%Cl 0.63 to 0.73) (Wang 2015a Level I, 9 RCTs, n=8,521).

Central nervous system effects

CNS effects of NSAIDs are poorly defined, but range from symptomatic adverse effects such as
headache or dizziness through to possible disease modification in conditions such as Parkinson’s
disease and dementia (Auriel 2014 NR). Evidence on effects on cognitive decline is conflicting with
long-term NSAID use showing a small protective effect in one metanalysis of cohort studies (RR
0.87; 95 %Cl 0.81 to 0.94) (Wang 2016b Level 1ll-2 SR [PRISMA], 11 studies, n=36,165), but no
protective effect in another looking at low dose aspirin (Veronese 2017 Level 1lI-2 SR [PRISMA],
3 RCTs & 5 studies, n=36,196).

4.2.2 | Systemic cyclooxygenase-2 selective inhibitors (Coxibs)

Coxibs selectively inhibit the inducible COX enzyme, COX-2, and relatively spare constitutive
COX-1 (see above). The coxibs available at present are celecoxib, etoricoxib, polmacoxib and
parecoxib (the injectable prodrug of valdecoxib). By sparing physiological tissue prostaglandin
production while inhibiting inflammatory prostaglandin release, coxibs offer the potential for
effective analgesia with fewer adverse effects than nsNSAIDs. However, as noted above, some
constitutive physiological synthesis of prostaglandins is also mediated through COX-2, and
coxibs may still inhibit COX-1 to some extent.

4.2.2.1 | Efficacy

Coxibs are as effective as nsNSAIDs for postoperative pain (Moore 2015b Level | [Cochrane], ~460
RCTs, n=50,000), osteoarthritis of the knee (Smith 2016 Level | [PRISMA], 9 RCTs, n=2,937) and chronic
low-back pain (Chung 2013 Level I [PRISMA], 25 RCTs, n=5,935). NNTs are comparable to those for
nsNSAIDs for the treatment of moderate to severe acute pain. For a list of NNTs for each
mediciation see Table 5.1.
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When given in combination with opioids after surgery, coxibs show reduced opioid
consumption similar to nsNSAIDs (MD over 24 h -10.9 mg; 95%Cl -12.8 to -9.1) but no significant
reductions in pain scores or opioid-related adverse effects (Maund 2011 Levell, 60 RCTs,
n unspecified). When given as a single dose preoperatively, coxibs provide a reduction in mean
postoperative analgesic requirements at 24 h (MD -0.68; 95%Cl -0.95 to -0.33) (Nir 2016 Level |
[PRISMA], 13 RCTs, n=1,079).

After total knee arthroplasty (TKA), use of coxibs in the perioperative period reduces pain
scores, opioid consumption, PONV and pruritus and improves range of motion without increased
blood loss (Lin 2013 Level I, 8 RCTs, n=571). Continuation of coxibs for 6 wk postoperatively resulted
in ongoing improved analgesia and reduced opioid consumption with improved rehabilitation
conveying benefits on knee flexion for up to 1y (Schroer 2011 Level II, n=107, JS 5). The risk-benefit
ratio for coxibs as a discharge medication after orthopaedic surgery is superior to that for
nsNSAIDs (Roberts 2012 Level | [PRISMA], 23 RCTs, n unspecified).

Pain relief at rest and on movement and satisfaction were improved when oral celecoxib
was added to thoracic PCEA using local anaesthetic and opioid (Senard 2010 Level Il, n=40, JS 5).

Celecoxib given pre-operatively is effective at reducing 24 h parenteral MED consumption
(MD 4.13 mg; 95%Cl 5.58 to 2.67), pain scores at 24 h (MD -1.02/10; 95%Cl -1.54 to -0.50) and
reducing postoperative nausea and vomiting by 44% and 38% respectively (Khan 2016 Level |,
14 RCTs, n=994).

A meta-analysis of parecoxib in orthopaedic surgery in elderly patients shows a reduction in
perioperative cognitive dysfunction up to 7 d (RR 0.32; 95%CI 0.16 to 0.63), but not at 3 mth (RR
0.40; 95%CI 0.16 to 1.02) (Huang 2019 Level | [PRISMA], 2 RCTs, n=200); these results should be
viewed with caution as outcome measures were not robust. A similar effect was shown with
celecoxib after arthroplasty (zhu 2018b Level II, n=178, J 5).

4.2.2.2 | Adverse effects

Gastrointestinal effects

In the PRECISION trial, celecoxib/esomeprazole was associated with significantly less
gastrointestinal events than ibuprofen/esomeprazole (HR 0.43; 95%Cl 0.27 to 0.68) and
naproxen/esomeprazole (HR 0.51; 95%Cl 0.32 to 0.81) (Yeomans 2018 Level Il, n=24,081, JS 5).
Despite a possible dosing inequality this is supported by a trial of naproxen 500 mg BD + PPl vs
Celecoxib 100 mg BD + PPI in patients with a recent Gl bleed (Chan 2017 Level Il, n=514, JS 5).
Rebleed rates were 5.6% (95%Cl 3.3 to 9.2) in the celecoxib group and 12.3% (95%Cl 8.8 to 17.1)
in the naproxen group (HR 0.44; 95%Cl 0.23 to 0.82). Etoricoxib in osteoarthritis similarly shows
superiority to nsNSAIDs in terms of Gl event rates (RR 0.67; 95%Cl 0.59 to 0.76) (Feng 2018 Level |
[PRISMA], 9 RCTs, n=39,442).

Short-term use (< 7 d) of parecoxib/valdecoxib, as required to treat acute pain, results in
gastroscopic ulcer rates similar to placebo in elderly patients (65 to 75y) at increased risk
(Goldstein 2003 Level Il, n=168, IS 4; Stoltz 2002 Level ll, n=94, IS 4; Harris 2001 Level Il, n=17 [terminated
due to high incidence of gastrointestinal ulcers in both nsNSAID groups], JS 4). This contrasts with
increased rates of ulceration with nsNSAIDs in the same setting.

Despite relative safety in comparison to nsNSAIDs, long term usage of COX-2 inhibitors is still
associated with an increased Gl event rate in cohort studies of non-use versus etoricoxib (RR
4.85; 95%Cl 2.64 to 8.93), rofecoxib (RR 2.02; 95%Cl 1.56 to 2.61) and celecoxib (RR 1.53; 95%Cl
1.19 to 1.97) (Martin Arias 2019 Level 111-2 SR [PRISMA], 28 studies, n=1,255,401). These results might
be unexpected given that both rofecoxib and etoricoxib are more COX-2 selective than celecoxib,
however current understanding of gastrointestinal injury includes multiple mechanisms such as
mitochondrial uncoupling and ion-trapping that may be unrelated to COX inhibition (Bjarnason
2018 NR). In a pooled analysis of COX-2 inhibitor use in osteoarthritis an increase in
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gastrointestinal events is seen vs placebo (RR 1.19, 95% ClI 1.03 to 1.38) (Curtis 2019 Level |
[PRISMA], 40 RCTs, n unspecified).

Renal effects

COX-2 is constitutively expressed in the kidney and is highly regulated in response to alterations
in intravascular volume. COX-2 has been implicated in maintenance of renal blood flow,
mediation of renin release and regulation of sodium excretion (Cheng 2004 NR; Kramer 2004 NR).

A meta-analysis of perioperative parecoxib found no increase in renal failure vs placebo
(Schug 2017 Level I, 26 RCTs, n=9,282). In contrast (and as with nsNSAIDs), a statistically significant
increased risk of renal failure was reported following administration of coxibs in cardiac surgery
patients (NNH 73) (Elia 2005 Level I, 3 RCTs [cardiac surgery], n=803).

In the PRECISION trial, long-term ibuprofen was associated with significantly more serious
renal events than celecoxib (HR 0.61; 95%CI 0.44 to 0.85), but naproxen was not worse than
celecoxib (HR 0.79; 95%Cl 0.56 to 1.12) (Nissen 2016 Level I, n=24,081, JS 5).

Analysis of the effects of different coxibs on renal function showed heterogeneity within the
class as rofecoxib was associated with increased risk of renal dysfunction, while celecoxib was
not (Zhang 2006 Level I, 114 RCTs, n=116,094).

A subsequent meta-analysis of cohort studies of the general population showed little
evidence of lower AKl incidence with increasing COX-2 selectivity (OR 1.84; 95%Cl 1.54 to 2.19
[no COX-2 selectivity] vs OR 1.41; 95%Cl 1.07 to 1.87 [>5 fold COX-2 selectivity]) (zhang 2017a
Level l1I-2, 10 studies, n=1,609,163).

Cardiovascular effects

Cardiovascular risk with coxibs seems very dependent on the coxib in question. This may reflect
non-COX dependent effects that NSAIDs may have on the cardiovascular system (Walker 2018
NR).

In acute pain management, short-term use of parecoxib (< 7 d) after noncardiac surgery does
not increase the risk of cardiovascular adverse effects (Schug 2017 Levell, 26 RCTs, n=9,282).
Similarly, short-term use of other NSAIDs (meloxicam, ketorolac, celecoxib for a mean of 3 d)
after lower limb total joint replacement did not increase the risk of myocardial infarction
postoperatively vs nonuse (aOR 0.95; 95%Cl 0.5 to 1.8) (Liu 2012 Level Ill-2, n=10,873). However,
an increase in the incidence of cerebrovascular and cardiovascular events has been reported in
patients given parecoxib, then valdecoxib, after CABG surgery (Furberg 2005 Level I, 2 RCTs,
n=2,098). The FDA has contraindicated the use of all NSAIDs in the immediate postoperative
period following CABG surgery (FDA 2007 GL). A subsequent retrospective observational study
with ketorolac has not confirmed these concerns (Oliveri 2014 Level l11-2, n=1,309).

Absolute long-term cardiovascular risk with chronic usage of NSAIDs remains unclear as the
recent large prospective studies were non-inferiority trials without a placebo arm. Studies are
conflicting as to cardiovascular risk with individual drugs.

In a review of epidemiological data, rofecoxib showed increased cardiovascular risks vs other
coxibs and nsNSAIDs (Gunter 2017 Level IlI-2 SR, 26 studies, n=228,389). In the PRECISION trial in
patients with arthritis, there was no difference in cardiovascular event rates between long-term
celecoxib vs ibuprofen (HR 0.81; 95%Cl 0.65 to 1.02) or vs naproxen (HR 0.90; 95%CI 0.71 to
1.15) (Nissen 2016 Level I, n=24,081, JS 5). The SCOT trial randomised patients over 60 y with
arthritis to either continue their current NSAID or be changed to celecoxib and found no
difference in cardiovascular risk (HR 1.1; 95%Cl 0.81 to 1.55) (MacDonald 2017, Level I, n=7,297,
153).

A Bayesian meta-analysis found no increased risk of myocardial infarction for celecoxib (OR
1.24; 95%Cl 0.91 to 1.82) or ibuprofen (OR 1.48; 95%Cl 1.00 to 2.26), but increased risk for
diclofenac (OR 1.50; 95%CI 1.06 to 2.04), naproxen (OR 1.53; 95%Cl 1.07 to 2.33) and rofecoxib
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(OR 1.58; 95%Cl 1.07 to 2.17) (Bally 2017 Level Ill-2, n=446,763 [61,460 myocardial infarctions]). This
data directly conflicts with a previous meta-analysis that found no increased cardiovascular risk
with naproxen, diclofenac or etoricoxib (Trelle 2011 Level I, 31 RCTs, n=116,429).

Once daily administration of celecoxib eg 400 mg (RR 1.1; 95%Cl 0.6 to 2.0) was associated
with a lower cardiovascular risk than giving 400 mg as divided doses of 200 mg twice daily (RR
1.8; 95%Cl 1.1 to 3.1) (Solomon 2008 Level I, 6 RCTS, n=7,950).

All NSAIDs approximately double the risk of congestive heart failure (Bhala 2013 Level I, 54 RCTs,
n=353,809). However, this analysis pooled all coxib data so that data from rofecoxib and celecoxib
was not differentiated. A subsequent meta-analysis of coxibs which looked at heart failure in
osteoarthritis found no increase in congestive heart failure (RR 1.18; 95%Cl 0.24 to 5.71) (4 RCTs),
but increased risk of peripheral oedema (RR 1.61; 95%Cl 1.09 to 2.40) (15 RCTs) and generalised
oedema (RR 1.91; 95%CI 1.08 to 3.39) (8 RCTs) (Curtis 2019 Level I [PRISMA], 40 RCTs, n unspecified). In
a nested cohort study which matched 92,163 heart failure admissions with 8,246,403 controls, all
NSAIDs except celecoxib were associated with an increased risk of heart failure (Arfe 2016 Level llI-2,
n=8,566,955).

A small increase in the risk of atrial fibrillation with NSAID usage (RR 1.12; 95%Cl 1.06 to 1.18)
has been documented (Krijthe 2014, Level lll-2, n=8,423).

In comparison with a historical cohort, the use over a subsequent 10 mth period of parecoxib
and valdecoxib 40 mg daily for 2 to 3 wk was associated with an increase in the rate of vascular
free flap failure from 7 to 29%, which fell to 4% after the coxibs were no longer used (Al-Sukhun
2006 Level I111-3, n=180). These retrospective data, which are subject to potential confounding
factors, are supported by one study in rats showing a harmful effect of parecoxib on flap survival
(Ren 2013 BS), which did not occur with celecoxib (Wax 2007 BS). A retrospective cohort study
using ketorolac after head and neck free flaps found no bleeding complications and no increased
risk of free flap failure (Schleiffarth 2014 Level 1ll-2, n=138 [free flaps]).

Platelet effects and bleeding

Platelets express only COX-1, not COX-2, and as a consequence, coxibs do not impair platelet
function (Munsterhjelm 2006 Level Il EH, n=18, JS 4). This is consistent with a study on platelet
aggregometry with meloxicam and celecoxib show essentially no antiplatelet activity (Scott 2014
BS). COX-2 selective NSAIDs show no difference in the risk of postoperative bleeding events (RR
0.92; 95%CI 0.63 to 1.33), intraoperative blood loss (WMD -4.38 mL; 95%Cl -14.69 to 5.92),
postoperative blood loss (WMD -13.89 mL; 95%Cl -30.24 to 2.47), and 24 h postoperative
haemoglobin loss (WMD 0.47 g/dL; 95%Cl 0.14 to 1.09) vs nsNSAIDs, other analgesics, or placebo
(Teerawattananon 2017 Level I, 16 RCTs, n=1,704).

Allergic reactions and NSAID-exacerbated respiratory disease

Patients with anaphylactoid reactions to dipyrone and nsNSAIDs (mainly propyphenazone and

diclofenac) tolerated oral challenges with rofecoxib and celecoxib (Quiralte 2004 Level IV, n=33).
Coxibs, administered at analgesic doses, do not produce bronchospasm in patients with

NSAID-exacerbated respiratory disease (Morales 2013 Level | [PRISMA], 14 RCTs, n=426).

Bone and ligament healing
At present, data on the effect of coxibs on bone healing are mainly restricted to animal models,
where they undoubtedly affect bone remodelling (Kurmis 2012 NR BS). Celecoxib after THA
reduced the frequency and severity of heterotopic bone formation (Lavernia 2014 Level lll-2, n=170;
Oni 2014 Level 111-2, n=214). There is no good evidence of any clinically significant inhibitory effect
of coxibs on bone healing (Kurmis 2012 NR; Gerstenfeld 2004 NR; Bandolier 2004 NR).

In a small single centre trial, re-tear rates were increased following rotator cuff repairs in
celecoxib(11/30 [37%]) vs ibuprofen (2/27 [7%]) and tramadol treated patients (1/25 [4%])
groups (Oh 2018 Level ll, n=180, JS 5). This matches animal model data from rabbits (Lu 2015 BS).
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Anastomotic leakage

There is no increased leakage rate with perioperative coxibs (Modasi 2019 Level 111-2 SR [PRISMA],
8 studies, n=9,835; Huang 2018 Level llI-2 SR,17 studies, n=26,098) (4 studies overlap). See 4.2.1.2 for
more detail.

KEY MESSAGES

Efficacy of systemic NSAIDs

1.

Nonselective NSAIDs are effective in the treatment of acute postoperative pain, renal
colic, migraine, primary dysmenorrhoea (S) (Level | [Cochrane Review]), acute muscle
injury (N) (Level I [PRISMA]), chronic low-back pain (U) (Level I [PRISMA]) and acute
ankle sprain (U) (Level I).

Coxibs are as effective as nonselective NSAIDs in the treatment of acute pain (including
postoperative pain) (S) (Level I [Cochrane Review]), chronic low-back pain (U) (Level |
[PRISMA]) and osteoarthritis of the knee (N) (Level | [PRISMA]).

Nonselective NSAIDs given in addition to paracetamol improve analgesia compared with
either medicine given alone (S) (Level 1), in particular ibuprofen combined with
paracetamol (U) (Level | [Cochrane Review]).

. The risk-benefit ratio for coxibs as a discharge medication after orthopaedic surgery is

superior to that for nonselective NSAIDs (U) (Level | [PRISMA]).

Nonselective NSAIDs given in addition to PCA opioids reduce opioid consumption and
the incidence of nausea and vomiting (U) (Level ).

Coxibs given in addition to PCA opioids reduce opioid consumption but do not result in a
decrease in opioid-related adverse effects (U) (Level I), except after total knee
arthroplasty, where they reduce pain scores and adverse effects and improve outcomes
(V) (Level 1).

Celecoxib given as a single pre-operative dose is effective at reducing opioid usage, pain
scores at 24 hours and postoperative nausea and vomiting (N) (Level I).

Adverse effects of systemic NSAIDs

8.

10.

11.

In patients with normal preoperative renal function nonselective NSAIDs slightly increase
serum creatinine, but effects on acute kidney injury and need for renal replacement
therapy are uncertain due to lack of evidence (W) (Level | [Cochrane Review]).

Nonselective NSAIDs may increase the risk of any bleeding-related outcome after
tonsillectomy in adults (U) (Level I); however, not in paediatric patients (U) (Level I
[Cochrane Review]) except in a large non-inferiority RCT where need for surgical
intervention was increased with ibuprofen versus paracetamol (Q) (Level Il). There is an
increase in bleeding complications with aspirin in adults and children (U) (Level I) and
with ketorolac in adults only (U) (Level 11I-2 [PRISMA]).

Nonselective NSAIDS, but not coxibs, may cause bronchospasm in individuals known to
have NSAID-exacerbated respiratory disease (U) (Level I [PRISMA]).

Coxibs and nonselective NSAIDs exert individual (non-class) adverse effects on the
cardiovascular system with rofecoxib appearing to be worse than other coxibs and
nonselective NSAIDs (N) (Level I). Celecoxib is no worse than naproxen or ibuprofen (N)
(Level 1) and better than ibuprofen when combined with aspirin (N) (Level II).
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12. Short-term use of parecoxib (S) (Level I) and other NSAIDs (U) (Level 111-2) compared
with placebo does not increase the risk of cardiovascular adverse effects after
noncardiac surgery.

13. Use of parecoxib followed by valdecoxib after coronary artery bypass graft surgery
increases the incidence of cardiovascular and cerebrovascular effects and is therefore
contraindicated (U) (Level I).

14. Perioperative nonselective NSAIDs may increase the risk of minor and major bleeding
after surgery compared with placebo (W) (Level I).

15. Coxibs do not impair platelet function and are not associated with increased
perioperative blood loss (S) (Level I).

16. In patients with normal renal function, parecoxib perioperatively does not increase renal
failure (N) (Level 1).

17. NSAIDs hasten bowel recovery after colorectal surgery (N) (Level ).

18. With regard to renal function, celecoxib and naproxen are safer than ibuprofen with
long-term use (N) (Level I).

19. Short-term use (5—7 days) of coxibs results in gastric ulceration rates similar to placebo
and lower than nonselective NSAIDs (U) (Level I1).

20. The cardiovascular protective effects of low-dose aspirin are reduced by concomitant
administration of some NSAIDs, in particular ibuprofen (S) (Level Il).

21. Nonselective NSAIDs, but not coxibs increase the risk of anastomotic leak after colorectal
surgery (N) (Level 111-2).

22.Short term use of ketorolac or ibuprofen do not increase bone healing complications in
children undergoing posterior spinal fusion, osteotomy, or fractures managed
surgically (S) (Level 11I-3) or conservatively (N) (Level 11I-3).

23. Chronic administration of nsNSAIDs or coxibs is associated with an increased risk of renal
impairment (N) (Level IlI-3 SR).

The following tick box represents conclusions based on clinical experience and expert
opinion:

M The risk of adverse renal effects of nonselective NSAIDs and coxibs may be increased in
the presence of factors such as pre-existing renal impairment, hypovolaemia,
hypotension and use of other nephrotoxic agents including angiotensin-converting
enzyme inhibitors (W).

5th Edition | Acute Pain Management: Scientific Evidence



4.0 | ANALGESIC MEDICINES N

4.2.3 | Nonsystemic administration of nonsteroidal anti-inflammatory drugs

Non-systemic (transdermal patch or gel, wound infiltration) for non-ophthalmic (intra- or
abdominal wall, mastectomy and skin graft) surgery as part of multimodal analgesic regimens
may improve pain control and postoperative function vs placebo or systemic administration
based on low to moderate quality evidence (Brubaker 2016 Level | [PRISMA], 9 RCTs, n=532).

4.2.3.1 | Intra-articular

Following arthroscopy, intra-articular (IA) nsNSAIDs (tenoxicam and ketorolac) result in
improved pain relief (Romsing 2000 Level I, 16 RCTs, n=844 [7 RCTs IA]). Compared with systemic
administration, IA nsNSAIDs (4 RCTs) showed a pain reduction of 20/100 (95%Cl 13 to 26) and a
50 to 65% reduction in supplementary analgesic requirements over 24 h. In contrast, when IA
nsNSAIDs were compared with 1A placebo, two of three RCTs showed no significant analgesic
benefit. More recent studies do not permit differentiation of the effect of IA NSAIDs from other
components in the injected solution.

In human chondrocytes, single-dose equivalent concentrations of ketorolac caused
significant chondrotoxicity (Abrams 2017 BS). Intraarticular ketorolac for THA showed no
increased risk of prosthetic loosening, even with long-term follow-up (mean 7.3 y) (Nizam 2015
Level IV, n=100).

4.2.3.2 | Wound infiltration

Infiltration of the surgical wound with local anaesthetic/nsNSAID vs local anaesthetic and IV
nsNSAID showed no difference in analgesia in three of five RCTs (overall WMD -6/100; 95%ClI
-19 to 6); similarly, wound infiltration with local anaesthetic/nsNSAID vs local anaesthetic/
placebo showed no analgesic benefit in four of five studies (Romsing 2000 Level I, 16 RCTs, n=844
[10 RCTs wound]). This lack of a local effect was confirmed with lornoxicam after thyroidectomy
(Kilbas 2015 Level 1, n=80, JS 4).

4.2.3.3 | Local infiltration analgesia

Local infiltration analgesia (LIA) involves the intraoperative periarticular infiltration of large
volumes of local anaesthetic combined with a variety of adjuvants typically including an alpha-2
agonist/vasoconstrictor, an opioid and/or an anti-inflammatory agent. The majority of
investigations into the effectiveness of LIA in acute pain management following THA/TKA fail to
separate out the components of the mixture and some protocols also use catheter-based “top-
up” regimens of varying composition. The lack of appropriate systemic comparators further
complicates analysis of the role of the individual components. Ketorolac is the most frequently
used nsNSAID in the LIA mixture. A systematic review identified no RCTs enabling a comparison
of the efficacy of systemic vs periarticular administration of nsNSAIDs as a component of LIA in
THA (Andersen 2014a Level | [PRISMA], 27 RCTs [THA], n=756).

The peak plasma concentrations of ketorolac after use of 30 mg as a component of LIA were
comparable to those of similar doses administered IM (0.3-2.2 mg/L) (Affas 2014 PK).

4.2.3.4 | Intravenous regional analgesia

Ketorolac 60 mg in combination with local anaesthetic for IV regional analgesia (IVRA)
demonstrated longer time to first analgesia request vs local anaesthetic IVRA with either IV
ketorolac or IV placebo following minor upper limb procedures (Reuben 1995 Level Il, n=60, JS 2).
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However, pain scores were low overall and this study was not blinded. Ketorolac 60 mg added
to local anaesthetic for IVRA or infiltrated into the wound provided superior analgesia for up to
2 h following tourniquet release vs no ketorolac use (Reuben 1996 Level I, n=60, JS 3). Again, pain
scores were low for all groups and there was no separate parenteral ketorolac arm for
comparison. When varying doses of ketorolac were added to IVRA for hand surgery, a linear
dose-response relationship from 5 to 20 mg was found; between 20 and 60 mg, there appeared
to be no additional analgesic benefit (Steinberg 1998 Level II, n=75, JS 3). With IVRA doses of >20
mg vs doses <20 mg, time to first analgesia was prolonged and pain scores were lower for up to
2 h following tourniquet release. There was no comparison with ketorolac administered as a
separate parenteral dose.

Overall, no conclusion can be drawn regarding a specific benefit of adding ketorolac to IVRA
over parenteral administration by a separate route.

4.2.3.5 | Nerve block

Parecoxib/ropivacaine improved quality and duration of brachial plexus block vs
placebo/ropivacaine and ropivacaine/IV parecoxib (Liu 2013 Level II, n=150, JS 5).

4.2.3.6 | Topical

Application to skin

In adult patients with acute pain resulting from strains, sprains or sports injuries, topical
diclofenac, ibuprofen, ketoprofen, piroxicam and indomethacin are effective vs placebo,
whereas benzydamine is not better than placebo (Derry 2015a Level | [Cochrane]
61 RCTs, n=8,386). Topical compounds with good efficacy are diclofenac with an NNT (for 50% pain
reduction over placebo) of 3.7 (95%Cl 3.2 to 4.3), ketoprofen of 3.9 (95%Cl 3.0 to 5.3), piroxicam
of 4.4 (95%Cl 3.2 t0 6.9) and ibuprofen of 4.6 (95%CI 3.3 to 8.0). Different formulations may differ
in efficacy; gels seem to be superior to creams with a diclofenac gel preparation having the
lowest NNT of 1.8 (95%Cl 1.5 to 2.1) and ketoprofen gel one of 2.5 (95%Cl 2.0 to 3.4). The rate
of systemic adverse effects with the topical NSAIDs is low and does not differ from placebo. The
rate was also lower than with the same NSAID by oral route, although there was limited data on
direct comparison.

Topical NSAIDs were of limited efficacy in lateral elbow pain, providing short-term functional
improvement for up to 2 wk (Pattanittum 2013 Level | [Cochrane], 8 RCTs, n=301). The overall quality
of included studies was poor and findings heterogeneous. No comparisons with oral NSAIDs were
included.

There is insufficient evidence to differentiate between routes of administration of NSAIDs in
the treatment of acute low back pain (Roelofs 2008 Level | [Cochrane], 65 RCTs, n=11,237).

Topical application of diclofenac results in tissue levels that are higher and plasma levels that
are lower vs oral administration (Zacher 2008 Level I, 19 RCTs, n>3,000). Topical NSAIDs were
associated with fewer gastrointestinal adverse effects but more local skin irritation than systemic
NSAIDs (Klinge 2013 Level I, 6 RCTs, n=600).

Ophthalmological applications

There is no strong evidence for pain reduction with topical NSAIDs for traumatic corneal
abrasions, but some evidence for a reduced requirement for rescue analgesia at 24 h as a proxy
for pain reduction (RR 0.46; 95%Cl 0.34 to 0.61) (Wakai 2017 Level I [Cochrane], 9 RCTs, n=637). After
cataract surgery, topical NSAIDs reduce anterior chamber inflammation and thereby provide
postoperative analgesia (Duan 2017 Level | [PRISMA], 19 RCTs, n=7,234); diclofenac, nepafenac,
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ketorolac and bromfenac are in particular effective. After a number of other ophthalmological
procedures, multiple studies show contradictory results with topical NSAIDs.

Mucosal applications

Microgranules containing flurbiprofen 8.75 mg provided better pain relief and reductions in
difficulty in swallowing for sore throat than placebo, with fast onset (1 min) and long duration
(6 h) (Russo 2013 Level ll, n=373, ]S 5). Flurbiprofen spray (8.75 mg/dose) rapidly reduced symptoms
of sore throat after upper respiratory tract infection and provided significantly more relief for up
to 6 h vs placebo, with no difference in adverse effects vs placebo over 3 d (de Looze 2016 Level Il,
n=505, JS 5); similar results (non-inferior to the spray) were found with use of a 8.75 mg
flurbiprofen lozenge (Radkova 2017 Level II, n=440, JS 5). Flurbiprofen was also useful in post-
tonsillectomy pain with reduction in pain scores and reduced requirement for additional
analgesia (Muderris 2016 Level Il, n=84, JS 4).

KEY MESSAGES

1. Topical NSAIDs are effective in treating acute strains, sprains or sports injuries with
systemic adverse effects comparable to placebo; gel formulations show superior efficacy
over creams (S) (Level | [Cochrane Review]).

2. Topical NSAIDs are of limited analgesic efficacy for traumatic corneal abrasions, but
reduce rescue analgesia requirements (W) (Level | [Cochrane Review]).

3. Topical NSAIDs reduce anterior chamber inflammation and thereby pain after cataract
surgery (N) (Level | [PRISMA]).

4. The efficacy of NSAIDs for peri- or intra-articular injection as a component of local
infiltration analgesia compared with systemic administration remains unclear (U) (Level |
[PRISMA]).

5. Intra-articular nonselective NSAIDs may provide more effective analgesia following
arthroscopy than intravenous administration (U) (Level I).

6. Mucosal administration of flurbiprofen provides long-lasting pain relief for sore throat
(N) (Level ).
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4.3 | Opioids

Opioids can bind to receptors in the brain, spinal cord and periphery, and can be administered
systemically or locally (eg intrathecal, intra-articular).

4.3.1 | Systemic opioids

Opioids remain the mainstay of systemic analgesia for the treatment of moderate to severe
acute pain.

While opioids are conventionally regarded as acting on opioid receptors, some opioids
achieve analgesic effects by additional mechanisms or via alternate interactions with opioid
receptors (Raffa 2014a NR). The first of this class to be labelled as an “atypical opioid” was
tramadol with its effects on noradrenergic and serotonergic inhibitory systems on top of a weak
mu-agonism (by an active metabolite) (Raffa 1992 BS). The term atypical opioids (although
another term “multigesics” has also been suggested) (Pergolizzi Jr 2017 NR) is increasingly used for
buprenorphine, cebranopadol, tapentadol and tramadol (Schug 2019 NR); of these cebranopadol
is undergoing early clinical investigations (Lambert 2015 NR BS), while the other three are
approved in many countries.

4.3.1.1 | Choice of systemic opioid

All full conventional opioid agonists can produce the same level or analgesia once the dose is
appropriately adjusted (McQuay 1991 NR), although accurate determination of equianalgesic
doses is difficult due to interindividual variabilities in kinetics and dynamics (Gammaitoni 2003 NR).
Equianalgesic conversion dose tables are often used to assist in the change from one opioid to
another. However, such tables are based largely on single-dose studies in opioid-naive subjects
and may not be as relevant when conversions are made after repeated doses of an opioid have
been given (either in the acute or chronic pain setting) and do not consider incomplete cross-
tolerance and patient-specific factors (Weschules 2008a NR). Care must be taken when opioid
rotations are undertaken based on such tables alone without consideration of clinical factors
because this carries a significant risk of toxicity and even fatality (Webster 2012 NR). When
healthcare professionals (physicians, pharmacists, and nurse practitioners/physician assistants)
were surveyed, there was a large variation in mean opioid conversions (Rennick 2016 Level IV,
n=319). A detailed analysis of equianalgesic doses and suggestions for opioid rotations based on
these calculations has been published (Treillet 2018 Level IV SR, 20 studies, n unspecified).
FPMANZCA provides an opioid calculator including references and background material on a
website (FPMANZCA 2019a GL), which is also available as an app (“Opioid Calculator”) for
smartphones. Opioid rotations to methadone require particular care due to the risk of
accumulation and subsequent toxicity (McLean 2015 Level IV SR, 25 studies, n=1,229).

In general, there is little evidence, on a population basis, to suggest that there are any major
differences in efficacy or the incidence of adverse effects between any of the pure agonist
opioids, although the results of individual studies are inconsistent. However, for
pharmacokinetic and other reasons, some opioids may be better in some patients (Woodhouse
1999 Level I, n=82, JS 4). Comparisons of the different opioids are commonly done in patients using
PCA (see Section 6.3.1 for these comparisons).

While the data to support the concept of opioid rotation originate from cancer pain
(Mercadante 2011 Level I11-2 SR, 31 studies, n unspecified; Quigley 2004 Level IV SR [Cochrane], 52 studies,
n unspecified), it may be a useful strategy in the management of acute pain in patients with
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intolerable opioid-related adverse effects, who are unresponsive to treatment and in opioid-
tolerant patients (see also Section 9.7).

The efficacy of various opioids administered by the different routes used in the management
of acute pain is discussed in detail in Chapter 5. The following sections describe other relevant
aspects of selected atypical and conventional opioids.

4.3.1.2 | Conventional opioids

Codeine

Codeine is classified as a weak opioid. However, it is only a very weak mu-receptor agonist
and its analgesic action depends on the metabolism of about 10% of the dose to morphine, via
the CYP2D6 cytochrome P450 isoenzyme (Lotsch 2005 NR). The principal metabolite of codeine is
codeine-6-glucuronide, which has a similar low potency to the parent medicine and is renally
excreted.

Over 100 allelic variants of CYP2D6 have been identified, resulting in wide variability in
enzyme activity (Somogyi 2007 NR). Individuals carrying two wild-type alleles display normal
enzyme activity and are known as extensive metabolisers; intermediate metabolisers are
heterozygotes with two variant alleles known to decrease enzymatic capacity; and poor
metabolisers have no functionally active alleles and have minimal or no enzyme activity (Stamer
2007a NR). In Caucasian populations, 8 to 10% of people are poor metabolisers; however, 3 to
5% are ultrarapid metabolisers (Madadi 2009 Level llI-2, n=72; Stamer 2007a NR). Those who are
ultrarapid metabolisers (carriers of the CYP2D6 gene duplication) have significantly higher levels
of morphine and morphine metabolites after the same dose of codeine (Kirchheiner 2007 Level IV,
n=23).

There are large interethnic differences in the frequencies of the variant alleles. For example,
the proportion of ultrarapid metabolisers is higher (up to 29%) in Middle Eastern and Northern
African populations and lower (0.5%) in Asians (Stamer 2007b NR); the proportion of poor
metabolisers is lower in Asians and African Americans (Yee 2013b Level IV, n=75; Holmquist 2009
NR).

A case-control study including a case of a newborn dying while breastfed by a mother taking
codeine has highlighted that breastfed infants of mothers who are ultrarapid metabolisers are
at increased risk of life-threatening CNS depression (Madadi 2009 Level Ill-2, n=72). A number
of similar cases have been reported and health professionals and mothers of breastfeeding
infants should be aware of this risk (Madadi 2008 Level IV, n=35). CYP2D6 genotyping predicts
subjects with reduced or increased metabolism to morphine but must be combined with
additional phenotyping to accurately predict patients at risk of morphine toxicity (Lotsch 2009
Level llI-2, n=57)

Death or OIVI has occurred after codeine treatment. Although rare, the risk is highest in
children who are ultrarapid metabolisers, after they have undergone tonsillectomy,
adenoidectomy, or both, as many of these have sleep-disordered breathing and are therefore
more sensitive to opioids (Friedrichsdorf 2013 Level IV, n=3; Kelly 2012 Level IV, n=4; Racoosin 2013
NR). The USA Food and Drug Administration (FDA) now requires a boxed warning of the risk
posed by codeine after a child has undergone tonsillectomy or adenoidectomy (FDA 2013 GL). The
European Medicines Agency has responded similarly (EMA 2013 GL); as has the WHO in removing
codeine from its tiered analgesic ladder for treatment of (persistent) pain in children (WHO 2012
GL). Guidelines on this issue have been published (Crews 2014 GL). See also Sections 1.7.3.2 and
10.4.4.5.
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Dextropropoxyphene

Oral dextropropoxyphene 65 mg alone is a poorly effective analgesic in postoperative pain (NNT
7.7) (Collins 2000 Level I [Cochrane], 6 RCTs [dextropropoxyphene only], n=440). Dextropropoxyphene
is often used in combination with paracetamol but this combination does not lead to better pain
relief vs paracetamol alone and increases the incidence of dizziness (Li Wan Po 1997 Level |,
26 RCTs, n=2,231).

The use of this compound is discouraged, not only because of its low efficacy but also because
of a number of risks related to its use (Barkin 2006 NR). These include QT-interval prolongation
and possibility of Torsades des Pointes (TdP) and cardiogenic death. This is exacerbated by
complex pharmacokinetics (particularly in the elderly) with the risk of accumulation of
dextropropoxyphene and its metabolite nordextropropoxyphene, leading to CNS, respiratory
and cardiac depression (Davies 1996 NR). However, in therapeutic doses (125+25 mg) no
prolongation of the QT-interval >500 ms was observed (Keller 2018 Level IV, n=92).

In line with many other developed countries including New Zealand, the Therapeutics Goods
Administration (TGA) in Australia decided in November 2011 to remove the registration of
dextropropoxyphene (Buckley 2013 NR). Despite a number of appeals by the manufacturer, the
medication has since been withdrawn from sale in Australia.

Diamorphine

Diamorphine (diacetylmorphine, heroin) is rapidly hydrolysed to monoacetylmorphine (MAM)
and morphine (Miyoshi 2001 NR); diamorphine and MAM are more lipid-soluble than morphine
and penetrate the CNS more rapidly. It is MAM and morphine that are thought to be responsible
for the analgesic effects of diamorphine.

There was no difference between parenteral diamorphine and morphine in terms of
analgesia and adverse effects after hip surgery (Robinson 1991 Level I, n=40, JS 4) and between
parenteral diamorphine and pethidine for labour analgesia (Wee 2014 Level II, n=484, IS 4).
Epidurally administered diamorphine resulted in a longer time to first PCA use and lower total
24 h morphine requirements vs the same dose given by intramuscular (IM) injection (Green 2007
Level II, n=60, JS 4). Intranasal (IN) diamorphine has been used as an analgesic for acute pain in
children attending EDs (Kendall 2015 Level IV, n=226). Here peak morphine plasma concentrations
were higher and occurred earlier when diamorphine was administered IV vs IN (Kidd 2009
Level llI-1, n=24).

Dihydrocodeine

Dihydrocodeine is a semisynthetic derivative of codeine and has similar mu-opioid agonist activity.
However, unlike codeine, inhibition of CYP2D6 by quinine does not alter its analgesic effect, even
though the CYP2D6-dependent active metabolite, dihydromorphine, has a much higher mu-opioid
receptor affinity than the parent medicine (Lotsch 2005 NR). Orally administered, it has around twice
the potency of codeine and one-sixth the potency of morphine (Leppert 2010 NR).

Fentanyl

Fentanyl is a highly potent phenylpiperidine derivative, structurally related to pethidine. It is
metabolised almost exclusively in the liver to minimally active metabolites. Less than 10% of
unmetabolised fentanyl is renally excreted. Fentanyl is commonly used in the treatment of acute
pain, especially when its lack of active metabolites and fast onset of action may be of clinical
benefit (Grape 2010 NR). The fast onset is the result in particular of its high lipophilicity
(octanol:water partition coefficient >700); this leads to a transfer half-life of 4.7 to 6.6 min
between plasma and CNS (Lotsch 2013 NR) (see also Section 5.4.1). The pharmacokinetics of
fentanyl are influenced by impaired liver function and CYP3A4 inhibitor and inducer use (Kuip
2017 NR). Data on fentanyl causing opioid-induced hyperalgesia (OIH) are limited and conflicting
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with 4 RCTs supporting the induction and 2 RCTs opposing it (Lyons 2015 Level I, 6 RCTs,
n=340).

There is insufficient evidence to judge the efficacy of fentanyl in neuropathic pain (Derry 2016b
Level | [Cochrane], 1 RCT, n=163).

There is an increasing rate of fentanyl (and its analogues) abuse, primarily in the USA, but
also now seen in other countries (Jannetto 2019 NR). This is paralleled by an increase in fentanyl
overdose deaths; in the USA there was a 72% increase from 2014 to 2015 reaching 9,580 deaths
caused by synthetic opioids, primarily fentanyl (including illicitly manufactured/non-
pharmaceutical). The high mortality is partially due to admixture of fentanyl with other drugs of
abuse, in particular heroin; sources are illegal importation and diversion of fentanyl-containing
medication (Kuczynska 2018 NR). In 2015, a cluster of fentanyl-laced heroin deaths was reported
in Melbourne, Australia, the first report of this nature outside North America (Rodda 2017
Level IV, n=9 [fentanyl related deaths out of ~ 4,000 deaths investigated]).

Hydromorphone

Hydromorphone is a derivative of morphine that is approximately five times as potent as
morphine. The main metabolite of hydromorphone is hydromorphone-3-glucuronide (H3G), a
structural analogue of morphine-3-glucuronide (M3G). Like M3G (see below), H3G is dependent
on the kidney for excretion, has no analgesic action and can lead to dose-dependent neurotoxic
effects (Smith 2000 NR; Wright 2001 NR; Murray 2005 NR).

Hydromorphone is an effective opioid analgesic with similar efficacy and adverse effects as
other strong opioids (Quigley 2002 Level | [Cochrane], 36 RCTs [acute pain], n=2,521). It provides
slightly better clinical analgesia than morphine with similar adverse effects (Felden 2011 Level I, 8
RCTs, n=1,004). In cancer pain, its efficacy is similar to oxycodone and morphine (Bao 2016 Level |
[Cochrane], 4 RCTs, n=504). There is insufficient evidence to judge the efficacy of hydromorphone
in neuropathic pain (Stannard 2016 Level | [Cochrane], 4 RCT, n=604).

Methadone

Methadone is a synthetic opioid commonly used for the maintenance treatment of patients
with an addiction to opioids and in patients with chronic non cancer and cancer pain. It is
commercially available as a racemic mixture of R- and L-enantiomers but it is the R-enantiomer
that is responsible for most, if not all, its mu-opioid receptor-mediated analgesic effects
(Fredheim 2008 NR; Lugo 2005 NR).

It has good oral bioavailability (70 to 80%), high potency and long duration of action and a lack
of active metabolites (Lugo 2005 NR). It is also a weak NMDA-receptor antagonist and monoamine
(5HT and noradrenaline [norepinephrine]) reuptake inhibitor and has a long and unpredictable
half-life (mean of 22 h; range 4 to 190 h) leading to an increased risk of accumulation (Weschules
2008b NR). Therefore, it is of limited use for acute pain treatment. Its use as an analgesic in general
requires caution and guidelines have been published (ACMT 2016 GL). Recommendations include
that it should not be prescribed on an as-needed basis, that the risk of overdose during the initial
induction period for chronic use is high and that titration should be very slow. A baseline ECG and
a follow-up ECG at 30 d should be obtained in patients at risk for QT prolongation (eg on other
medications that prolong QT interval, with structural heart disease or a history of arrhythmias).
Patients need extra education on potential risks of methadone treatment.

Dose conversion is complex and depends on many factors including absolute doses of other
opioids and duration of treatment (McLean 2015 Level IV SR, 25 studies, n=1,229). In cancer pain
management, methadone has similar analgesic effects to morphine (Nicholson 2017 Level |
[Cochrane], 6 RCTs, n=388) (see also 10.4.4.9). There is very limited, very low-quality evidence
supporting the efficacy and safety of methadone for chronic neuropathic pain (McNicol 2017 Level |
[Cochrane], 3 RCTs, n=105).
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Methadone is metabolised primarily by the cytochrome P450 group of enzymes, in particular
3A4 and to a lesser extent by CYP 1A2, 2D6, 2D8, 2C9/2C8, 2C19 and 2B6 (Kapur 2011 NR). Over
50 drug-drug interactions with methadone are described. Concurrent administration of other
medicines that are CYP450 inducers may increase methadone metabolism and lower methadone
blood levels (eg carbamazepine, rifampicin, phenytoin, St John’s wort [Hypericum perforatum]
and some antiretroviral agents) leading to potential reduced efficacy or even withdrawal.
Conversely, medicines that inhibit CYP450 (eg other antiretroviral agents, some selective
serotonin-reuptake inhibitors [SSRIs], grapefruit juice and antifungal agents) may lead to raised
methadone levels and an increase in adverse effects or overdose (Fredheim 2008 NR) See also
Section 8.6.8.2 for interactions in patients with human immunodeficiency virus (HIV).

Methadone use, but not use of other opioids, was associated with an increased incidence of
hypoglycaemia in a dose-dependent fashion (for doses >80 mg/d OR 3.1; 95%Cl 2.5 to 3.6) (Flory
2016 Level llI-2, n=641). This was also found in an analysis of reports from the USA’s Food and Drug
Administration Adverse Event Reporting System, which showed an association between
methadone use and hypoglycaemia in comparison to all other opioids except tramadol (Makunts
2019 Level IV, n=12,004,552).

High-dose methadone (eg >100 mg/d) has been associated with prolonged QT intervals and
other cardiac complications: Torsade de pointes, changes in QT dispersion, pathological U waves,
Taku-Tsubo syndrome (stress cardiomyopathy), Brugada-like syndrome, and coronary artery
diseases (Alinejad 2015 NR) (see below Section 4.3.1.5).

In the setting of postoperative pain (spinal surgery), low-dose methadone was associated
with high rates of postoperative complications with the use of a mean dose of 0.14 (+0.07) mg/kg
(11.544.6 mg) in mostly non opioid naive patients (72.3%) with BMI 30.3 (+0.9) (Dunn 2018 Level
IV, n=1,478). Respiratory depression was recorded in 36.8%, hypoxemia in 79.8%, naloxone
administered 2.3% and 1.5% required reintubation. QTc prolongation occurred in 58.8% and
arrhythmias in 29.9% as well as two in-hospital deaths (0.14%). In contrast, a meta-analysis of
small trials in various surgery types (cardiac, abdominal, hysterectomy, day case, orthopaedic,
and spinal) of low to intermediate dose methadone 0.1 to 0.43 mg/kg vs morphine (7 RCTs),
morphine and placebo (1 RCT), hydromorphone (1 RCT) and fentanyl (1 RCT) controls reported
low power and did not detect a difference in risk for sedation (OR 0.62; 95% Cl 0.27 to 1.45),
respiratory depression/hypoventilation (OR 1.03; 95% Cl 0.20 to 5.25) or hypoxaemia (OR 1.56,
95% ClI 0.67 to 3.61) (D'Souza 2020 Levell [PRISMA], 10RCTs, n=617). Current data
are inadequate to support the routine use of long acting single intraoperative methadone
doses in surgical patients where, as already emphasised, opioid requirements vary and titration
is warranted. Further, large scale randomised trials are needed to overcome detection bias and
define the efficacy and safety of both single and multiple low-dose methadone use in the
perioperative period, with consideration of opioid naive and opioid tolerant patient groups
(Murphy 2019 NR). The ANZCA position paper on the role of slow release (SR) opioid formulations
in acute pain includes methadone due to its long half-life and recommends that its use should
be avoided (ANZCA 2018 GL)

Morphine

Morphine remains the standard against which other opioids are compared. Morphine-6-
glucuronide (M6G) and M3G, the main metabolites of morphine, are formed by morphine
glucuronidation, primarily in the liver. M6G is a mu-opioid receptor agonist that crosses the
blood-brain barrier more slowly than morphine (De Gregori 2012 NR). It contributes such a large
extent to morphine analgesia in patients with both normal (85% of the effect after parenteral
and up to 95% after oral administration) and impaired (98% of the effect) renal function, that
morphine could be regarded as a prodrug to M6G (Klimas 2014 NR). M6G also has other morphine-
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like effects including respiratory depression (van Dorp 2006b NR; Dahan 2008b NR). M3G has very
low affinity for opioid receptors, has no analgesic activity and animal studies have shown that it
may be responsible for the neurotoxic symptoms (not mediated via opioid receptors), such as
hyperalgesia, allodynia and myoclonus, sometimes associated with high doses of morphine
(Lotsch 2005 NR).

Clinical trials have investigated M6G as an analgesic agent after a variety of different types of
surgery. It was more effective than placebo (Smith 2009 Level I, n=201, JS 4; Romberg 2007 Level lI,
n=42, IS 3) and in some trials as effective as morphine (Cann 2002 Level I, n=144, JS 4; Hanna 2005
Level Il, n=100, JS 3), although withdrawal due to insufficient analgesia was higher in another
(Binning 2011 Level Il, n=249, JS 5); this is possibly due to a slower onset of effect of M6G. However,
in the clinical setting of titration of IV morphine to postoperative analgesia, which is an effective
approach to early postoperative pain (Aubrun 2012 NR), the kinetics of morphine and its
metabolites had only limited value in explaining the analgesic effects of morphine (Hammoud
2011 Level IV, n=214).

Excellent pain relief was also obtained after IT administration of 100 or 125 mcg M6G in
patients after hip replacement surgery, but there was a high incidence (10%) of late respiratory
depression (9 to 12 h after the dose was given) requiring treatment with naloxone, and a high
incidence of nausea (76 to 88%) and vomiting (60 to 64%) (Grace 1996 Level Il, n=75, JS 5).

The incidence and severity of nausea and vomiting as well as the need for antiemetics was
less with IV M6G than with IV morphine (Binning 2011 Level I, n=249, JS 5; Cann 2002 Level Il, n=144,
1S 4). In healthy volunteers, IV morphine 0.15 mg/kg and IV M6G 0.2 mg/kg resulted in similar
reductions in ventilatory response to carbon dioxide (CO2) (Romberg 2003 Level lll-1 EH).

Both M6G and M3G are dependent on the kidney for excretion. Impaired renal function, the
oral route of administration (first-pass metabolism), higher doses and increased patient age are
predictors of higher M3G and M6G concentrations (Faura 1998 Level IV PK SR, 57 studies, n=1,232;
Klepstad 2003 Level IV, n=300) with the potential risk of severe long-lasting sedation and respiratory
depression.

There is insufficient evidence to judge the efficacy of morphine in neuropathic pain (Cooper
2017 Level | [Cochrane], 5 RCTs, n=236). Oral morphine is effective in treating cancer pain with
similar efficacy vs other opioids (Wiffen 2016 Level | [Cochrane], 62 RCTs, n=4,241).

Oxycodone

Oxycodone is a semisynthetic opioid and directly contributes the majority of drug effect itself while
being metabolised primarily to noroxycodone by CYP3A4 (=45%) and by CYP2D6 to oxymorphone
(=19%) (Kinnunen 2019 NR PK). Oxymorphone is more potent than oxycodone as a mu-receptor
agonist (14 times) and has a higher receptor affinity (40 times) and may contribute to the overall
analgesic effect of oxycodone (Samer 2010b Level Il EH, n=10 [5-arm cross over], JS 5); noroxycodone,
the major metabolite, is only a weak mu-receptor agonist (Lalovic 2006 NR; Coluzzi 2005 NR).

The dependence of oxymorphone concentrations on CYP2D6 activity and its high potency
explains the impact of CYP2D6 polymorphism on oxycodone’s pharmacodynamics and
pharmacokinetics (Samer 2010b Level Il EH, n=10 [5-arm cross over], JS 5). Ultrafast metabolisers
experience better analgesic effects and higher toxicity, while poor metabolisers experience less
analgesic effect. However, in acute postoperative pain, CYP2D6 genotype had no influence on
oxycodone requirements (Zwisler 2010 Level llI-3, n=270; Crews 2014 GL).

These findings mean also that drug-drug interactions can influence the efficacy of oxycodone
(Samer 2010a Level Il EH, n=10 [cross over], JS 5). This is particularly true for CYP2D6 ultrafast
metabolisers but also can be influenced by CYP3A inhibitors such as ketoconazole, which
increases the efficacy and toxicity of oxycodone. Therefore, use of a CYP3A inhibitor in an
ultrafast CYP2D6 metaboliser is a potentially dangerous combination.
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Animal studies have shown that oxycodone is actively taken up into the brain, resulting in a
brain concentration that is up to six times that of free plasma levels (Bostrom 2008 PK); this may
explain the discrepancies between its poorer mu-receptor affinity compared to morphine but its
higher potency (Olkkola 2013 NR). In general anaesthesia, oxycodone showed a significant dose-
dependent respiratory depressant effect measured by reduced minute ventilation, which was
significantly more than that of comparable doses of morphine (Chang 2010 Level I, n=54, JS 4).

Overall oxycodone has a faster onset of action than morphine, better oral bioavailability,
longer duration of action, fewer concerns about metabolites and a lower rate of adverse effects
(Olkkola 2013 NR). There is increasing use of oxycodone in the perioperative setting based on
these pharmacological properties (Kokki 2012 NR). With regard to analgesic efficacy in acute pain,
IV oxycodone seems superior to fentanyl (6 RCTs) and sufentanil (2 RCTs) and comparable to
morphine (3 RCTs), but these results may partially reflect use of doses which were not
equianalgesic (Raff 2019 Level I, 11 RCTs, n=721). The incidence of adverse effects was lower with
oxycodone vs fentanyl (possibly also a reflection of non-equianalgesic doses) and comparable
for oxycodone vs morphine and sufentanil. Patient satisfaction was comparable for all opioids
except for sufentanil, which showed consistently lower patient satisfaction vs oxycodone. Similar
results are reported by a parallel systematic review which also acknowledges similar limitations
(Tan 2018 Level I, 8 RCTs, n=506) (6 RCTs overlap). In cancer pain management, oxycodone is
comparable in efficacy and adverse effects to other strong opioids; very low-level evidence
suggests lower risk of hallucinations with oxycodone vs morphine (Schmidt-Hansen 2018 Level |
[Cochrane], 23 RCTs, n=2,144). With regard to adverse effects in the setting of cancer pain
treatment, there were no differences between oxycodone vs other opioids except for less
sleepiness with oxycodone vs morphine (Ma 2016a Level | [PRISMA], 11 RCTs, n=1,211) (5 RCTs
overlap). In neuropathic pain, there is very low-quality evidence that oxycodone is effective in the
treatment of painful diabetic neuropathy (4 RCTs, n=637) and postherpetic neuralgia (1 RCT, n=50)
(Gaskell 2016b Level I [Cochrane], 5 RCTs, n=687).

Pethidine

Pethidine (meperidine) is a synthetic opioid with decreasing use worldwide due to multiple
disadvantages compared to other opioids, and equally effective analgesic alternatives. Despite a
common belief that it is the most effective opioid in the treatment of renal colic, it was no better
than morphine (O'Connor 2000 Level II, n=103, JS 5) or hydromorphone (Jasani 1994 Level Il, n=73, JS 4).
Pethidine and morphine also had similar effects on the sphincter of Oddi and biliary tract and
there was no evidence that pethidine was better in the treatment of biliary colic (Latta 2002 NR).

Pethidine induced more nausea and vomiting than morphine when used parenterally in the
ED (Silverman 2004 Level 11I-3, n=193) and in the first 2 h after gynaecological surgery (Ezri 2002
Level 1l, n=200, JS4). Pethidine use postoperatively was associated with an increased risk of
delirium in the postoperative period in comparison to other opioids (Swart 2017 Level IlI-2 SR,
3 studies [pethidine], n=877).

Accumulation of its active metabolite, norpethidine (normeperidine), is associated with
neuroexcitatory effects that range from nervousness to tremors, twitches, multifocal myoclonus
and seizures (Simopoulos 2002 Level IV, n=355). Impaired renal function increases the half-life of
norpethidine; therefore, patients with poor renal function are at increased risk of norpethidine
toxicity. Naloxone does not reverse and may increase the problems related to norpethidine
toxicity.

Overall, the use of pethidine should be discouraged in favour of other opioids in adults (Latta
2002 NR) and in the paediatric setting (Benner 2011 NR).
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Remifentanil

Remifentanil is an unusual opioid with a very fast onset of effect (<1 min) and an extremely short
duration of action due to rapid metabolism by nonspecific esterases (Parashchanka 2014 NR). It is
mainly used as a component of anaesthesia and carries a high risk of OIH; its use as an analgesic
has primarily been studied in the setting of labour analgesia (Devabhakthuni 2013 NR) (see Section
9.1.3.1).

Sufentanil

Sufentanil (a derivative of fentanyl with rapid onset, short duration of action and no active
metabolites) was originally used in the anaesthetic setting; its use has been introduced into the
postoperative acute pain setting by the development of SL PCA (Frampton 2016 NR) (see Section
6.5.3).

4.3.1.3 | Atypical opioids

Buprenorphine

Buprenorphine is a semisynthetic derivative of thebaine, an alkaloid of opium and a potent, but
in vitro partial, mu-opioid receptor agonist (Raffa 2014b NR) with high receptor affinity and slow
dissociation from the mu-receptor and different downstream effects (G protein and
adenylcyclase activation) than conventional opioids (Ehrlich 2019 NR; Davis 2012 NR; Pergolizzi 2010
NR). Furthermore, buprenorphine is a potent kappa-opioid receptor antagonist, a weak agonist
at the nociceptin or opioid-receptor-like 1 (ORL-1) receptor and binds to the delta-opioid
receptor. Buprenorphine, in particular the SL formulation, is increasingly used in the setting of
acute pain management (Macintyre 2017 NR).

Buprenorphine shows biphasic pharmacokinetics with an initial distribution half-life of
around 2-3 h and a terminal half-life of around 24 h; two-thirds of the medicine is excreted
unchanged, mainly in faeces, while the remaining one-third is metabolised predominantly in the
liver and gut wall via glucuronidation to an inactive metabolite, buprenorphine-3-glucuronide,
and via CYP3A4 to norbuprenorphine, which has 40times less analgesic effect than
buprenorphine (Kress 2009 NR). However, in line with findings in animal experiments, an
exploratory clinical investigation found respiratory depression more strongly associated with
norbuprenorphine than with buprenorphine (Strang 2018 EH PK, n=11). Onset of effect is slower
than for many other opioids; using experimental pain stimuli, the time to peak effect after
administration of an IV bolus dose of buprenorphine was 70 to 90 min (Yassen 2006 Level llI-3 EH).

The debate on buprenorphine being a partial or full mu-opioid receptor agonist in clinical
practice continues (Holyoak 2019 NR) and is complicated by its multiple mechanisms of action.
While in-vitro experiments have characterised buprenorphine as a partial agonist, clinically it
behaves like a full mu-receptor agonist; in 23 of 24 studies identified in a systematic review,
buprenorphine achieved analgesia comparable to full mu-opioid agonists (morphine, fentanyl,
sufentanil and oxycodone) (Raffa 2014b Level I, 24 studies, n>1,270). The authors conclude that in
clinically relevant doses, buprenorphine behaves like a full mu-opioid receptor agonist in-vivo. A
subsequent systematic review found SL buprenorphine comparable to IM or IV morphine in
acute pain management without any differences in pain control achieved, need for rescue
analgesia or secondary outcomes (Vlok 2019 Level I [PRISMA], 9 RCTs, n=826) (3 RCTs overlap). This is
confirmed in a paediatric population with IV buprenorphine vs IV morphine showing similar
analgesic effects, but a longer duration of analgesia with buprenorphine (Murray 2018 Level |, 4
RCTs, n=193). An overarching meta-analysis of buprenorphine vs morphine by any route of
administration in any population finds no difference in pain intensity at <1 h (WMD 0.18; 95%Cl
-0.45 to 0.81), conflicting evidence for other points of time (1 to 48 h) and no difference overall
at all time points combined (WMD 0.29; 95%Cl -0.62 to 0.03) (White 2018 Level I [PRISMA], 28 RCTs,
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n=2,210) (all 9 RCTs overlap with Vlok 2019 and all 4 RCTs with Murray 2018). All other outcomes for
analgesia and adverse effects (including respiratory depression) are not different except for less
pruritus with buprenorphine (OR.0.31; 95%Cl 0.12 to 0.84).

In animals as well as humans, in therapeutic doses there also appears to be no antagonism
of other concurrently administered mu-agonist medicines and combined use should be effective
(van Niel 2016 NR; Pergolizzi 2010 NR). In patients on opioid substitution therapy (OST) with daily
SL buprenorphine (12 to 16 mg), high doses of IV hydromorphone (16 and 32 mg) and to a lesser
extent IV buprenorphine (32 mg) achieved analgesic effects in an acute pain model (cold pressor
test) (Huhn 2019 Level Il EH, n=17, JS 4). In contrast, patients on OST with SL buprenorphine (2 to
22 mg/d) achieved no relief of experimental pain (cold pressor or electrical stimulation) with IV
morphine (55 mg achieving plasma concentrations of 92 to 201 ng/mL), but reduced respiratory
rates (Athanasos 2019 Level Il EH, n=12, JS 2).

There is a ceiling effect for respiratory depression but not for analgesia in healthy volunteers
(in the dose range tested of 200 to 400 mcg) (Dahan 2006 Level 1lI-2 EH; Dahan 2005 Level I11-2 EH).
In clinical practice, transdermal (TD) buprenorphine has not been associated with any fatality in
the National Poison Data System of the USA (Coplan 2017 Level IV, n=117 [TD burenorphine]). When
used for OST, methadone use increased the risk of overdose death vs buprenorphine (RR 6.23;
95%Cl 4.79 to 8.10) (Marteau 2015 Level IlI-2, n=2,418 [overdose deaths] in n=19,935,537
[prescriptions]). However, even with buprenorphine the overdose death rate was not zero, but
0.022/1000 prescriptions (vs 0.137/1000 prescriptions of methadone). In an analysis of overdose
deaths, buprenorphine alone can cause fatal respiratory depression, although in most cases
(90%) other medications, in particular benzodiazepines and other sedatives, were found (Selden
2012 Level IV, n=97). Similarly, in elderly opioid-naive patients acute pain treatment with titration
of SL buprenorphine (200 mcg steps with total doses of 200 to 3,000 mcg) resulted in cases of
OIVI without a fatal outcome; all patients had risk factors such as advanced age, concurrent
comorbidities, or the ingestion of other potential central nervous system depressants (Richards
2017 Level IV, n=6). A meta-analysis comparing buprenorphine with morphine finds no difference
in the incidence of respiratory depression (defined as respiratory rate <8 to 12/min) (OR.2.07;
95%Cl 0.78 to 5.51) or sedation (OR.1.44; 95%CI.0.76 to 2.74) (White 2018 Level | [PRISMA], 28 RCTs,
n=2,210).

Should buprenorphine-induced respiratory depression occur, then complete reversal with
naloxone is possible (Pergolizzi 2010 NR), although higher than usual doses and a longer duration
infusion of naloxone are required (van Dorp 2006a Level llI-2 EH; Yassen 2006 Level llI-3 EH; Boom
2012 NR). This is confirmed in the case series referred to above, where naloxone bolus doses up
to 2.2 mg and infusions for up to 20 h were used (Richards 2017 Level IV, n=6).

In animal models of pain, buprenorphine appears to have good efficacy for neuropathic pain
(Hans 2007 NR). In the clinical setting, case reports have suggested that buprenorphine is effective
in peripheral (Licina 2013 Level IV, n=4) and central neuropathic pain (Guetti 2011 Level V).
However, a specific effect cannot be supported or refuted based on current evidence (Wiffen
2015 Level | [Cochrane], 0 RCTs, n=0).

Buprenorphine may also have a reduced tendency to cause opioid-induced hyperalgesia
(OIH) (Lee 2011 NR). In patients in opioid-substitution programs, buprenorphine reduced pain
thresholds less than methadone (Compton 2001 Level IlI-2 EH, n=54). Using experimental pain
stimuli in humans, buprenorphine, unlike conventional mu-opioid agonists, has been shown
to be antihyperalgesic, which may be related in part to its kappa-opioid antagonist activity
(Koppert 2005 Level Il EH, n=15, JS 4). During major lung surgery under remifentanil infusion,
perioperative buprenorphine infusion (25 mcg/h for 24 h) vs equianalgesic morphine infusion
resulted in less hyperalgesia and allodynia around the incision and longer time until rescue
analgesia requirements, with no long-term benefits at 3 mth (Mercieri 2017 Level I, n=64, IS 5).
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However, in healthy volunteers, IV infusions of buprenorphine (0.3 mg) and morphine (10 and
20 mg) showed no differences in antihyperalgesic or analgesic effects; only IV buprenorphine
(0.6 mg) enhanced the descending nociceptive inhibitory control (Ravn 2013 Level Il EH, n=32,
1S 5). Similarly, patients on OST with SL buprenorphine (2 to 22 mg/d) were hyperalgesicin the
cold pressor test vs controls (buprenorphine 17+2 s vs control 34+6 s) (Athanasos 2019 Level Il
EH, n=12, JS 2).

Withdrawal symptoms, which may be seen if the medicine is ceased after long-term
treatment, are milder and more delayed in onset (272 h) than other opioids (Kress 2009 NR). In a
direct comparison of buprenorphine vs morphine withdrawal, withdrawal symptoms were far
less with buprenorphine (subjectively and objectively) (Tompkins 2014 Level lll-1, n=7). There is also
less neonatal abstinence syndrome (NAS) in babies of mothers receiving buprenorphine vs
methadone substitution (Jones 2012 NR). In the USA National Poison Data System, calls describing
intentional abuse of an opioid were lower for TD buprenorphine than any conventional opioid;
specifically, prescription adjusted rates for abuse were much higher for TD fentanyl vs TD
buprenorphine (aRR 10.8; 95%Cl 4.46 to 25.9) (Coplan 2017 Level IV, n= 2,687 [calls]).

Buprenorphine can be safely used in patients with renal impairment and has less
immunosuppressive effect in animal experiments than pure mu-opioid agonists (Davis 2012 NR;
Pergolizzi 2010 NR). However, buprenorphine has the potential to prolong the QT interval (Klivinyi 2018
NR). High doses of buprenorphine patch (above 40mcg/h) may cause QT wave prolongation that is
reversible with a MOR antagonist; clinical significance of this is unclear (Merivirta 2015 Level llI-1,
n=110).

For use in OST and implications for perioperative management see Section 9.8.3.2

Tapentadol

Tapentadol is a combined mu-agonist and noradrenaline-reuptake inhibitor (Tzschentke
2014 NR). In contrast to tramadol, it has no relevant functional serotonin-reuptake inhibition
and no active metabolites (Raffa 2012 NR). Therefore, serotonin syndrome with its use alone
has not been reported in 2 systematic reviews (Channell 2018 Level IV SR, 13 RCTs & 3 studies &
8 CRs, n=21,995 [tapentadol-treated]; Gressler 2017 Level IV SR, 13 RCTs & 9 studies, n=12,138)
(significant overlap). However, in spontaneous adverse drug event (ADE) reporting to the TGA,
16 cases consistent with serotonin syndrome were reported (14 with coadministration of
serotonergic medications) (Abeyaratne 2018 Level IV, n=104 [reports for tapentadol]). A probable
serotonin syndrome in the setting of tapentadol overdose in combination with amitriptyline
and duloxetine has also been published (Walczyk 2016 CR). There is no effect on heart rate or
blood pressure due to noradrenaline-reuptake inhibition in doses up to the maximum
recommended 500 mg/d, even in patients with hypertension and/or on antihypertensives
(Biondi 2014 Level I, 3 RCTs [post hoc analysis], n=1,464).

Elimination is by glucuronidation; severely impaired hepatic function may require dose
adjustment (Xu 2010 PK).

Although in humans tapentadol has 18-fold lower affinity for the mu-receptor than morphine,
it is only three times less potent as an analgesic due to its dual mechanism of action with synergy
shown in site-specific administration studies (Christoph 2013 BS). With regard to tapentadol, the
concept of “mu-load” (the % contribution of the opioid component to the adverse effect magnitude
relative to a pure/classical mu-opioid at equianalgesic doses) has been discussed, suggesting that
while conventional opioids have by definition a mu-load of 100%, atypical opioids have a mu-load
<100%; for tapentadol using respiratory depression and constipation the mu-load is
calculated < 40% (Raffa 2018 NR).

The effect of tapentadol as a noradrenaline-uptake inhibitor on descending pathways of pain
inhibition has been confirmed in diabetic neuropathy, where tapentadol use increased
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conditioned pain modulation (Niesters 2014b Level I, n=24, JS 5). This mechanism of action suggests
benefits in neuropathic pain (Vinik 2014 Level Il, n=318, JS 5; Freo 2019 NR), but tapentadol also
showed efficacy in nociceptive and inflammatory-pain models (Schiene 2011 NR) including
postoperative pain (Lee 2014b Level I, n=352, JS 5) and cancer pain (Mercadante 2017 Level IV SR,
8 studies, n=792). In the setting of acute pain, tapentadol IR achieves similar analgesia to
oxycodone IR, mostly in a 5:1 dose ratio, but with oxycodone resulting in an increased incidence
of the gastrointestinal adverse effects nausea (OR 2.23; 95%Cl 1.72 to 2.90), vomiting (OR 2.19;
95%Cl 1.09 to 4.42) and constipation (OR 3.16; 95%Cl 1.42 to 7.01) (each in 3 RCTs) (Hartrick 2010
Level I, 5 RCTs, n=2,831). A subsequent systematic review confirmed these results; tapentadol IR
in doses of 50, 75 and 100 mg (with 75 mg being superior to 50 mg) provides similar analgesia to
oxycodone IR 10 mg (Xiao 2017 Level | [PRISMA}, 9 RCTs, n=3,961) (4 RCTs overlap). The rate of nausea
(RR 0.64; 95%CI 0.48 to 0.85), vomiting (RR 0.37; 95%Cl 0.24 to 0.56) and constipation (RR 0.44;
95%Cl 0.32 to 0.62) was lower with tapentadol IR 50 mg and nausea (RR 0.41; 95%Cl 0.41 to 0.93)
and constipation (RR 0.38; 95%CI 0.25 to 0.54) with 75 mg.

Data in the setting of a number of chronic pain conditions show similar or superior efficacy
to conventional opioids with reduced rates of gastrointestinal adverse effects such as nausea,
vomiting and constipation leading to reduced rates of treatment discontinuation (Riemsma 2011
Level I, 42 RCTs [8 RCTs tapentadol, n=6,698]). In a network meta-analysis of opioids for chronic pain
treatment, tapentadol was identified as top-ranking due to low rates of overall adverse effects,
in particular constipation, and lowest withdrawal rate for adverse effects (Meng 2017 Level |
[PRISMA] [NMA], 32 RCTs, n unspecified).

Despite increasing use of this analgesic in many countries of the world (in particular the USA
[approved 2008], Australia [2010] and Europe [2011]), only 4 (possibly 5 as double reporting of
one case could not be excluded) single drug tapentadol overdose deaths could be identified
(Channell 2018 Level IV SR, 13 RCTs, 3 studies & 8 CRs, n=21,995 [tapentadol treated]). Relative safety of
tapentadol vs conventional opioids has been confirmed by data from the USA Researched Abuse,
Diversion and Addiction-Related Surveillance (RADARS®) System Poison Center Program; there
was no reported death due to tapentadol between 2010 and 2016 and it had the lowest rate of
overdose deaths, major medical effects, serious adverse events and hospitalisations (data
corrected for amounts dispensed) (Murphy 2018 Level IV, n=64,538 [reports]). Post-marketing
surveillance by the manufacturer could also not identify any overdoses with fatal outcomes
(Stollenwerk 2018 Level IV, n=10,758 [case reports]). In an experimental setting, tapentadol (100 mg)
vs oxycodone (20 mg) (equianalgesic doses) had less respiratory depressant effects, but not 150
mg (van der Schrier 2017 Level Il EH, n=18, IS 5).

Although a controlled medicine in all countries, tapentadol shows a lower rate of abuse and
diversion than oxycodone and hydrocodone and a rate comparable to tramadol (Dart 2012
Level 1V). Diversion rates of tapentadol in the USA (monitored by RADARS® - note that the SR
preparation in the USA is tamper resistant) adjusted for amounts used were lower for tapentadol
IR (0.03/1,000 prescriptions) and tapentadol SR (0.016) than all other scheduled oral opioids
(0.172) (Dart 2016 Level llI-2, n=38,388 [cases of diversion]). A subsequent analysis by the same
system (adjusted for dosing units dispensed) confirms the lowest rate of diversion (comparable
to tramadol) and lower, but not the lowest, rate of intentional abuse in reports to poison centres
(tramadol and hydrocodone being lower) (Vosburg 2018 Level lll-3, n multiple denominators). Rates
of doctor shopping (sourcing from multiple providers) were higher for oxycodone vs tapentadol
(OR 3.5; 95%Cl 2.8 to 4.4) (Cepeda 2013b Level llI-2) and rates of abuse lower for tapentadol vs
oxycodone (OR 0.35; 95%Cl 0.21 to 0.58) (Cepeda 2013a Level llI-2).
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Tramadol

Tramadol is commonly referred to as an atypical centrally acting analgesic because of its
combined effects as an opioid agonist and a serotonin- and noradrenaline-reuptake inhibitor
(Bravo 2017 NR; Raffa 2012 NR; Raffa 1992 NR). Although an effective analgesic, it may not provide
adequate pain relief if used as the sole agent for the management of moderate to severe acute
pain at the currently recommended doses (Thevenin 2008 Level llI-1). However, compared to a
variety of strong opioids (morphine, fentanyl, oxycodone, pethidine) when administered by PCA,
tramadol had comparable analgesic efficacy (Murphy 2010 Level I, 12 RCTs, n=782). As discharge
medication after surgery, the risk of prolonged tramadol use was similar, if not slightly higher
than other short acting opioids (Thiels 2019 Level llI-2, n= 444,764).

Limited low-quality evidence supports tramadol’s analgesic effect in cancer pain, although it
is not as effective as morphine in this indication (Wiffen 2017b Level | [Cochrane], 10 RCTs, n=958).
Tramadol is an effective treatment for neuropathic pain with NNT of 4.4 (95%Cl 2.9 to 8.8)
(Duehmke 2017 Level I [Cochrane], 6 RCTs, n=438).

IV tramadol/IV morphine vs IV morphine has a minor opioid-sparing effect (WMD 6.9 mg;
95%Cl 211.3 to 22.5), but does not reduce pain intensity (WMD -0.9/100; 95%Cl -7.2 to 5.2) nor
adverse effects (nausea, vomiting, sedation) (Martinez 2015 Level I [PRISMA], 14 RCTs, n=713).

The (+) enantiomer of tramadol is the stronger inhibitor of serotonin reuptake and the (-)
enantiomer the more potent inhibitor of noradrenaline reuptake; tramadol is metabolised by
CYP2D6 and the resultant active metabolite O-desmethyltramadol (M1) is a more potent mu-
opioid receptor agonist than the parent drug (Lee 1993 NR). Patients who are poor metabolisers
get less analgesic effect from tramadol (Stamer 2003 Level lll-2), while ultrarapid metabolisers may
be at increased risk of opioid-induced adverse effects including OIVI (Desmeules 1996 Level ll, n=10,
JS 3; Stamer 2008 CR). See also Section 1.7.3.2.

Coadministration with other medicines that inhibit CYP2D6 may also influence the
effectiveness of tramadol. For example, pretreatment with paroxetine in healthy extensive
metabolisers reduced the hypoalgesic effect of tramadol in an experimental pain model
(Laugesen 2005 Level Il EH, n=16 [4-way cross over], JS 5). Inhibition of 5HT3 receptors by ondansetron
also decreased the analgesic effect of tramadol, as measured by increased tramadol
requirements, in particular early after ondansetron administration (Stevens 2015 Level | [PRISMA]
6 RCTs, n=340), although this may also be a pharmacokinetic interaction (Hammonds 2003 NR). This
has been confirmed in a subsequent RCT in hemithyroidectomy patients; here co-administration
of IV tramadol (1.5 mg/kg) with ondansetron (0.1 mg/kg) vs tramadol alone reduced time to
request for rescue analgesia (76.3 min vs 164.1) and analgesic efficacy at 0 to 60 min
postoperatively (at 60 min: 2.51/10 (SD * 0.66) vs 1.16/10 (+ 0.68), but improved PONV scores
(Murmu 2015 Level Il, n=134, JS 4)

Tramadol’s adverse-effect profile is different from other opioids. In the RADARS® System
Poison Center Program, tramadol had the second-lowest rates of overdose deaths, major
medical effects, serious adverse events and hospitalisations (data corrected for amounts
dispensed) (Murphy 2018 Level IV, n=64,538 [reports]). The risk of respiratory depression is lower
than with conventional opioids at equianalgesic doses (Mildh 1999 Level Il EH, n=8 [cross over], JS 5;
Tarkkila 1998 Level Il, n=36, IS 4; Tarkkila 1997 Level Il, n=36, JS 4) and it does not depress the hypoxic
ventilatory response (Warren 2000 Level Il EH, n=20 [cross over], JS 5). However, in a large series of
tramadol overdoses in Iran, mainly due to deliberate self-harm or abuse, 3.6% experienced
apnoea and required respiratory support or naloxone use (Hassanian-Moghaddam 2013 Level IV,
n=525 [overdoses]). The mean time to presentation was 7.7 h (range 1 to 24 h); the mean dose
causing apnoea was 2,125 mg (range 200 to 4,600 mg), significantly higher than in those not
experiencing apnoea (1,383 mg; range 100 to 6,000 mg). One death in each group was reported.
A further series of tramadol overdoses reported hypertension (38.4%), tachycardia (24.8%),

5th Edition | Acute Pain Management: Scientific Evidence 137



138

respiratory depression (20%) (median dose 2,750 mg), seizure (14.5%) and no serotonin toxicity
(Habibollahi 2019 Level IV, n=359 [overdoses]). Similar findings are reported from the USA,;
respiratory depression with relatively higher doses than other symptoms (median dose 2,500
mg) and seizures, tachycardia, mild hypertension, but no serotonin toxicity (Ryan 2015 Level IV,
n=71). Significant respiratory depression has also been described in a patient with severe renal
failure, most likely due to accumulation of the metabolite M1 (Barnung 1997 CR).

There is a risk of inducing serotonin toxicity when tramadol is combined with other
serotonergic medicines, in particular SSRIs (Nelson 2012 Level IV SR, 1 study & 9 CR, n=14). However,
despite the widespread use of both medicines, there are only very few case reports (14 cases in
above SR) on this interaction. The interaction might be complex, as SSRIs are often CYP2D6
inhibitors (eg sertraline, paroxetine and fluoxetine) and can thereby increase tramadol
concentrations (Miotto 2017 NR). This might also mean that poor CYP2D6 metabolisers are at an
increased risk of this interaction (Nelson 2012 Level IV SR, 1 study & 9 CR, n=14). Furthermore,
administration of tramadol to elderly patients in the postoperative period was a risk factor for
delirium (Swart 2017 Level 111-2 SR, 1 study [tramadol]: Brouquet 2010 Level IV, n=133).

Tramadol has less effect on gastrointestinal motor function than morphine (Lim 2001 Level II,
n=101, JS 5; Wilder-Smith 1999b Level Il, n=62, JS 5; Wilder-Smith 1999a Level Il, n=30, JS 5; Wilder-Smith
1997 Level Il, n=10 [cross over], JS 5). Nausea and vomiting are the most common adverse effects
and occur at rates similar to morphine (Lim 2001 Level II, n=101, JS 5; Radbruch 1996 NR), although
an increased rate in comparison to a variety of strong opioids (morphine, fentanyl, oxycodone,
pethidine) occurs with PCA use (OR 1.52; 95%Cl 1.07 to 2.14) (Murphy 2010 Level I, 12 RCTs, n=782).
The incidence of pruritus was reduced with tramadol (OR 0.43; 95%Cl 0.19 to 0.98).

Tramadol did not increase the incidence of seizures compared with other analgesic agents in
two observational studies (Gasse 2000 Level IlI-2, n=11,383; Jick 1998 Level lll-2, n=10,916). Seizures
were reported in tramadol intoxication, mainly due to deliberate self-harm or abuse, with recurrent
seizures in 7 and 11.7% of patients (Hassanian-Moghaddam 2013 Level IV, n=525; Shadnia 2012 Level IV,
n=100). Potential risk factors for seizure, other than overdose, were a history of traumatic brain
injury, seizure activity secondary to hypoxia and use in combination with medications that lower
seizure threshold (Miotto 2017 NR). Calls to the National Poison Data System of the American
Association of Poison Control Centers were more likely to report seizures with tramadol vs
tapentadol (RR 7.94; 95%Cl 2.99 to 20.91) (Tsutaoka 2015 Level llI-2, n=8,783 [calls]). The low rate of
recurrence does not justify the prophylactic use of an anticonvulsant after an initial seizure (Shadnia
2012 Level IV, n=100).

An analysis of reports from United States Food and Drug Administration Adverse Event
Reporting System showed an association between tramadol use and hypoglycaemia in
comparison to all other opioids except methadone (Makunts 2019 Level IV, n=12,004,552).

Although withdrawal from tramadol is uncommon, abrupt cessation can lead to withdrawal
symptoms, which can have features of classical opioid withdrawal or atypical withdrawal seen with
SNRI antidepressants (similar to those described with venlafaxine withdrawal); gradual tapering is
recommended and treatment with lorazepam and clonidine if necessary (Miotto 2017 NR).

Finally, tramadol has a lower abuse and misuse potential than conventional opioids, as
reconfirmed by an expert committee on drug abuse of the German government (Radbruch 2013
GL); this is in line with previous findings and tramadol’s status as a noncontrolled drug in most
countries. However, in countries with low availability of conventional opioids, tramadol has a
higher rate of abuse. This has been reported from China (Wang 2018b Level IlI-2 SR, 80 studies, n=
118,904) and Africa (Salm-Reifferscheidt 2018 NR): eg Egypt (Bassiony 2018 Level IV, n=1,135), Ghana
(Fuseini 2019 NR) and Nigeria (Idowu 2018 Level IV, n=249). A detailed assessment of issues related
to tramadol use and abuse internationally has been released by the WHO (WHO 2018 NR).
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4.3.1.4 | Determinants of opioid dose

Interpatient opioid requirements vary greatly (Macintyre 1996 Level IV) and opioid doses therefore
need to be titrated to suit each patient. Reasons for variation include patient age and gender,
genetic differences and psychological factors as well as opioid tolerance.

Patient age
Age, rather than patient weight, appears to be a better determinant of the amount of opioid an
adult is likely to require for effective management of acute pain. There is clinical and
experimental evidence of a two-fold to four-fold decrease in opioid requirements as patient age
increases (Gagliese 2008 Level IV, n=246; Coulbault 2006 Level IV, n=74; Gagliese 2000 Level IV, n=99;
Macintyre 1996 Level IV, n=1,010; Burns 1989 Level IV, n=100). The decrease in opioid requirement is
not associated with reports of increased pain (Macintyre 1996 Level IV, n=1,010; Burns 1989 Level IV,
n=100).

This age-related decrease in opioid requirement appears mainly due to differences in
pharmacodynamics or brain penetration rather than systemic pharmacokinetic factors (Minto
1997 Level IV, n=65; Scott 1987 Level IV PK; Macintyre 2008b NR). See also Section 9.2.3.

Sex-based differences

In general, females report more severe pain than males with similar disease processes or in
response to experimental-pain stimuli (Hurley 2008 NR). This is more complicated than initially
thought; in experimental-pain settings, women have lower pressure pain thresholds than men
with no difference for cold and ischaemic pain (Racine 2012a Level IV SR, 122 studies, n unspecified).
Temporal summation, allodynia and secondary hyperalgesia may be more pronounced in women
than in men (Racine 2012b Level IV SR, 129 studies, n unspecified). In acute pain, there is more of a
difference in pain perception than pain sensitivity (Ravn 2012 Level IV EH, n=100).

Evidence for differences of opioid responses in the acute pain setting varies. Across all studies
in acute clinical pain with mu-opioids there is no association between sex and opioid response,
however with PCA use there is greater analgesic effect in women (ES 0.22; 95%Cl 0.02 to 0.42)
(Niesters 2010 Level I, 25 RCTs, n unspecified). The effect is even more pronounced with morphine PCA
(ES 0.36; 95%Cl 0.17 to 0.56) and is similar in experimental-pain settings (ES 0.35; 95%Cl 0.01 to
0.69). Likely explanations are interactions between oestrogen and opioid receptors (Lee 2013b NR).
This is supported by preclinical data which show that hormones interact with the opioid system
and that these interactions may produce meaningful sex-based differences in the subjective
experience of opioids, but the direction of effect is variable and inconsistent (Huhn 2018 BS SR).

While response to opioids may differ, both the degree and direction of variation depend on
many variables (Campesi 2012 NR; Dahan 2008a NR). This variation as well as other known and
unknown factors involved in the very large interpatient differences in opioid requirements seen
clinically, means that biological sex cannot be used as a basis for opioid-dose alteration and
confirms the need to titrate doses to effect for each patient.

Genetics
Genetic variability may also affect a patient’s response to opioids (see Section 1.7.3).

Psychological factors

The effect of psychological factors such as anxiety on opioid requirements is contradictory (see
Section 1.2). Behavioural and psychological aspects associated with opioid tolerance and
addiction are discussed in Sections 9.7 and 9.8.
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4.3.1.5 | Adverse effects of opioids

Common opioid-related adverse effects are sedation, pruritus, nausea, vomiting, slowing of
gastrointestinal function and urinary retention. A network meta-analysis has assessed
frequencies for the various opioids at equianalgesic doses relative to morphine by PCA (Dinges
2019 Level | [NMA], 63 RCTs, n unspecified) (for more details see Section 6.3.2). Meta-analysis has
also shown that the risk of adverse effects from opioids administered by PCA is similar to the
risks from traditional methods of systemic opioid administration, with the exception of pruritus,
which is increased in patients using PCA (Hudcova 2006 Level I [Cochrane] 55 RCTs, n=3,861).

However, there may be differences in the routine clinical setting (Dolin 2005 Level IV SR, 165
studies, n=20,000; Cashman 2004 Level IV SR, 165 studies, n=20,000). The following incidences (means)
were associated with the use of PCA opioids: respiratory depression 1.2 to 11.5% (using
decreased respiratory rate and oxygen desaturation, respectively, as indicators), nausea 32%,
vomiting 20.7%, pruritus 13.8% and excessive sedation 5.3%. The incidences reported for IM
opioid analgesia were: respiratory depression 0.8 to 37% (using the same indicators), nausea
17%, vomiting 21.9%, pruritus 3.4% and excessive sedation 5.2%.

Clinically meaningful opioid-related adverse effects are dose-related. There was an increased
risk of 0.9% for nausea and 0.3% for vomiting for every 1 mg increase in PCA-morphine
consumption after surgery (Marret 2005 Level I, 22 RCTs, n=2,307). In a prospective evaluation of
elderly surgical inpatients (requiring a length of stay (LOS) >2 d and no PONV prophylaxis),
increasing opioid dose also correlated directly with both nausea and vomiting incidence (Roberts
2005 Level IV, n=193). After laparoscopic cholecystectomy, once a threshold dose was reached
(=10 mg MED/d), every further 3—4 mg increase of MED/d was associated with one additional
meaningful adverse effect or patient-day with such an event (zhao 2004 Level I, n=193, JS 5).

Opioid-related adverse effects in surgical patients were associated with increased LOS in
hospital and total hospital costs; the use of opioid-sparing techniques can be cost-effective
(Oderda 2007 Level 111-2; Barletta 2012 NR; Philip 2002 NR). Postsurgical patients who experienced an
opioid-related adverse effect had a 55% longer LOS, 47% higher costs, 36% increased risk of
readmission and 3.4 times higher risk of inpatient mortality (Kessler 2013 Level 1lI-2, n=37,031).
Similar results were found in the analysis of a large national hospital database (Oderda 2013
Level 1lI-2, n=319,898). More specific information was reported subsequently where 10.6% of
surgical patients experienced an opioid-related adverse event (Shafi 2018 Level I1l-2, n=135,379).
Risk factors were higher opioid doses (MED 46.8 mg vs 30.0 mg) and opioid use for a longer
duration (median 3.0 vs 2.0 d). Opioid-related adverse events were associated with increased
inpatient mortality (OR 28.8; 95%Cl 24.0 to 34.5 [2.9% increase in absolute mortality]), prolonged
LOS (OR 3.1; 95%Cl 2.8 to 3.4), high cost of hospitalisation (OR 2.7; 95% Cl 2.4 to 3.0), higher rate
of 30 d readmission (OR 1.3; 95%Cl 1.2 to 1.4) and USS 8,225 per event increase in cost. Similarly,
in previously opioid-naive patients receiving opioids after surgery, 9.1% experienced opioid-
related adverse effects with an increased risk with prolonged IV administration and resulted in
29% higher costs of hospitalisation, 55% longer postoperative LOS, 29% lower odds of discharge
home and 2.9 times the odds of death (Urman 2019 Level llI-2, n= 12,218 [patients receiving opioids]).

Identifying patients at high risk of opioid-related adverse effects using clinical and
demographic parameters is possible (Minkowitz 2014a Level lll-2, n=6,285; Minkowitz 2014b Level lll-3,
n=3,697); identification of such high-risk patients enabled reduction of adverse effects and
hospital costs.

Opioid-induced ventilatory impairment
OIVlis a more appropriate term to describe the effects of opioids on ventilation than respiratory
depression alone (Macintyre 2011 NR). It encompasses the respiratory depression caused by
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opioids (decreased central COz responsiveness resulting in hypoventilation) and elevated partial
pressure of CO2in arterial blood [PaCO:]) (Boom 2012 NR) but also the depressed consciousness
(decreased arousal and protection) and the subsequent upper airway obstruction (associated
with lower airway motor tone) resulting from excessive opioid use. This combination is the most
feared adverse effect of opioids, potentially with fatal consequences.

The most frequently reported risk factors for OIVI were older age, female gender, sleep-
disordered breathing, obesity, renal impairment, pulmonary disease (in particular COPD), cardiac
disease, diabetes, hypertension, neurologic disease, two or more comorbidities, opioid
dependence, concomitant administration of sedatives, different routes of opioid administration
and CYP450 enzyme polymorphisms, but patients without such risk factors can also develop OIVI
(Gupta 2018b Level IV SR, 13 studies, n=871,912; Overdyk 2014 Level IV, n=134 [case reports]).
Postoperative OIVI occurred in 5/1,000 cases with 85% in the first 24 h (95% Cl 4.8 to 5.1) (Gupta
2018a Level IV SR [PRISMA], 12 studies, n=841,424). Increased risk is linked to cardiac disease (OR
1.7; 95%Cl 1.2 to 2.5), pulmonary disease (OR 2.2; 95%Cl 1.3 to 3.6), OSA (OR 1.4; 95%Cl 1.2 to
1.7) and higher daily MED (24.7+14 mg vs 18.9£13.0 mg). Age, gender, BMI and ASA status are
not identified as risk factors in this systematic review. In a closed claims study of postoperative
OIVI, 88% of events occurred within 24 h postoperatively; risk factors included multiple
prescribers (33%), concurrent administration of sedating medications (34%), and inadequate
nursing assessments or response (31%) (Lee 2015b Level IV, n=92 [episodes of OIVI]). Other studies
confirm that most postoperative events of OIVI occur in the first 24 h: within 24 h 88% (within
12 h 58%) (Weingarten 2015 Level llI-2, n=134 [naloxone administrations]), 81% (34% within 6 h)
(Ramachandran 2011 Level IV, n=33 [episodes of OIVI]) and 78% (57% within 12 h) (Taylor 2005
Level l11-2, n=62 [episodes of OIVI]).

OIVI can usually be avoided by careful titration of the dose against effect and careful
observation and monitoring. A variety of clinical indicators have been used to indicate OIVI
caused by opioids; not all may be appropriate or sensitive.

A number of studies investigating hypoxia in the postoperative period in patients receiving
opioids for pain relief have found that measurement of respiratory rate as an indicator of
respiratory depression may be of limited value and that hypoxaemic episodes often occur in
the absence of a low respiratory rate (Kluger 1992 Level lll-2, n=40; Wheatley 1990 Level llI-2, n=30;
Catley 1985 Level 111-2, n=32; Jones 1990 NR). As respiratory depression is almost always preceded
by sedation, the best early clinical indicator is increasing sedation (Jungquist 2017 NR; Macintyre
2011 NR; Vila 2005 NR; Ready 1988 NR). This has also been acknowledged in recommendations of
current guidelines (Jungquist 2020 GL; Chou 2016 GL).

Introduction of a numerical pain treatment algorithm in a cancer setting was followed by
a review of opioid-related adverse effects (Vila 2005 Level I1l-3, n=25). Use of this algorithm, in
which opioids were given to patients in order to achieve satisfactory pain scores, resulted in a
two-fold increase in the risk of respiratory depression. Importantly, the authors noted that
respiratory depression was usually not accompanied by a decrease in respiratory rate. Of the
29 patients who developed respiratory depression (either before or after the introduction of
the algorithm), only 3 had a respiratory rate of <12 breaths/min but 27 (94%) had a
documented decrease in their level of consciousness (Vila 2005 Level 1lI-3, n=29). This study
highlights the risk of titrating opioids to achieve a desirable pain score without appropriate
patient monitoring.

In a review of PCA, case reports of respiratory depression in patients with obstructive sleep
apnoea (OSA) were examined (Macintyre 2008a NR). It would appear that the development of
respiratory depression might have been missed because of an apparent over-reliance on the use
of respiratory rate as an indicator of respiratory depression; the significance of excessive
sedation was not recognised.
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In an audit of 700 acute pain patients who received PCA for postoperative pain relief,
respiratory depression was defined as a respiratory rate of <10 breaths/min and/or a sedation
score of 2 (defined as “asleep but easily roused”) or more. Of the 13 patients (1.86%) reported
with respiratory depression, 11 had sedation scores of at least 2 and, in contrast to the
statements above, all had respiratory rates of <10 breaths/min (Shapiro 2005 Level IV, n=700). In a
closed claims report, 62% of patients with postoperative OIVI (with 77% fatality or severe brain
injury) experienced somnolence before the event (Lee 2015b Level IV, n=92 [events of OIVI]): the
authors emphasise that assessment of sedation levels by nurses needs to be improved; 97% were
judged preventable with better monitoring and response. These studies confirm that assessment
of sedation is a more reliable way of detecting opioid-induced respiratory depression, although
monitoring respiratory rate is still important.

Oxygen saturation levels may not be a reliable method of detecting respiratory depression in
the postoperative setting. In addition to the use of supplemental oxygen delaying OIVI diagnosis,
there may be reasons other than opioids for hypoxaemia. For example, when measurement of
oxygen saturation was used as an indicator of respiratory depression, the incidence was reported
to be 11.5% in patients receiving PCA and 37% in those given IM opioids (Cashman 2004 Level IV
SR, 165 studies, n=20,000). However, the same authors showed that patients given IM opioids
reported more pain (moderate to severe pain in 67.2% and severe pain in 29.1% vs 35.8% and
10.4% respectively in PCA patients), suggesting that these patients received much lower doses
of opioids (Dolin 2002 Level IV SR, 165 studies, n=20,000). Continuous pulse oximetry (1 RCT, 3 studies)
improves recognition of desaturations (<90%) (OR 15.7; 95% Cl 10.6 to 23.2), with no effect on
transfers to the ICU (RR 0.66; 95%Cl 0.42 to 1.01) (Lam 2017 Level IV SR [PRISMA}, 2 RCTs & 7 studies,
n>6,579).

Increases in PaCO: are the most reliable way of detecting respiratory depression. Continuous
monitoring of transcutaneous CO: for 24 h after major abdominal surgery showed that patients
given IV PCA morphine had higher CO: levels than those receiving epidural local
anaesthetic/fentanyl infusions (McCormack 2008 Level 1lI-2, n=30; Kopka 2007 Level llI-2, n=28).
Continuous capnography vs continuous pulse oximetry (1 RCT & 2 studies) identifies more events
of respiratory depression (OR 5.83; 95%Cl 3.54 to 9.63) (11.5% vs 2.8%) (Lam 2017 Level IV SR
[PRISMAY}, 2 RCTs & 7 studies, n>6,579).

Alternative monitors include continuous non-invasive respiratory-volume monitoring, which
was described as identifying at-risk patients with a significant drop in minute ventilation or
apnoeic/hypopnoeic episodes with high sensitivity (93%) and specificity (86%) (Voscopoulos 2014
Level IV, n=132).

Pharmacological strategies to reduce OIVI without affecting analgesia, eg by respiratory
stimulants, have been investigated (Kimura 2014 NR; van der Schier 2014 NR).

Cardiac effects
The use of methadone has been linked to the development of prolonged QT interval with a risk
of TdP and cardiac arrest (Alinejad 2015 NR; Mujtaba 2013 NR). Methadone has this effect due to
inhibition of the cardiac-ion channel KCNH226 and the effect is dose-dependent. Most case
reports of TdP in patients taking methadone have identified the presence of at least one other
risk factor in addition to methadone (Justo 2006 Level IV, n=40 [TdP cases in 14 reports]; Fredheim
2008 NR). Risk factors include female sex, heart disease, other medicines with effects on the QT
interval (eg tricyclic antidepressants [TCAs], antipsychotics, diuretics) or methadone metabolism,
congenital or acquired prolonged QT syndromes, liver impairment and hypokalaemia (Mujtaba
2013 NR; Fredheim 2008 NR).

Of patients receiving substitution therapy of 60 to 100 mg/d methadone, 23% developed
prolonged QT intervals during treatment vs none of the buprenorphine patients taking 16 to
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32 mg 3 times/wk (Wedam 2007 Level II, n=165, JS 5). In the methadone group, the QT interval
continued to increase over time, even with stable doses.

There is as yet no consensus regarding the benefits or otherwise of obtaining an
electrocardiogram (ECG) in patients prior to starting methadone, although it may be that the
threshold for doing so should be lower in patients with other concomitant risk factors, including
those receiving higher doses of methadone (Cruciani 2008 NR). Overall, guidelines targeting the
prevention of death from methadone can only offer weak recommendations due to lack of good
data (Chou 2014 GL); a Cochrane review was unable to identify any studies suitable for inclusion
(Pani 2013 Level | [Cochrane] 0 RCTs, n=0). No adverse cardiac events related to intraoperative
methadone administration have been reported so far, although methadone (given along with
other perioperative medications) has been associated with QT-prolongation in the post-
operative period in over 50% of patients (Murphy 2019 NR).

The use of dextropropoxyphene also carries a risk of TdP (Barkin 2006 NR) (see above).
Similarly, higher doses of oxycodone were linked to prolonged QT intervals (Fanoe 2009
Level llI-2). Beside these opioids, buprenorphine and pethidine have also been associated with
prolonged QT intervals (Klivinyi 2018 NR).

Nausea and vomiting
Nausea and vomiting are frequent adverse effects of opioid analgesia in a range of settings. PONV
and its prevention have been studied the most extensively; hence the following discussion will
focus on this data. PONV is common and related to opioid administration in a dose-dependent
manner (Marret 2005 Level I, 22 RCTs, n=2,307; Roberts 2005 Level IV, n=193), although many other more
relevant risk factors for PONV have also been identified (Apfel 2012 Level IV SR, 22 studies, n=95,154).
Opioids are a risk factor for PONV (OR 1.39; 95%Cl 1.20 to 1.60) but less so than female sex, history
of previous PONV or motion sickness, inhalational anaesthesia and nonsmoking status. The
biological mechanisms of PONV have not yet been completely unravelled (Horn 2014 NR).
Guidelines on the prevention and management of PONV have been published (Gan 2014 GL).
Medications used as components of multimodal analgesia and that are opioid-sparing may
also reduce PONV. Opioid-sparing effect and PONV reduction occurs with concurrent
administration of gabapentin (Grant 2016b Level | [PRISMA], 44 RCTs, n=3,489) and pregabalin (Grant
2016a Level | [PRISMA], 23 RCTs, n=1,693), nsNSAIDs (Maund 2011 Level I, 43 RCTs [PONV],
n unspecified), ketamine (Assouline 2016 Level I [PRISMA], 19 RCTS, n=1,453) and lidocaine (Weibel
2018 Level | [Cochrane], 68 RCTs, n=4,525). See also sections covering these medications.
Opioid-sparing effect with no decrease in PONV is reported for paracetamol and coxibs
(Maund 2011 Level I, 43 RCTs [PONV], n unspecified). However, paracetamol given IV preoperatively
or intraoperatively reduces PONV; this effect is associated with improved analgesia, not reduced
opioid requirements (Apfel 2013 Level | [PRISMA], 30 RCTs, n=2,364). Preoperative vs postoperative
paracetamol reduces postoperative vomiting (RR 0.50; 95%Cl 0.31 to 0.83) (Doleman 2015b
Level | [PRISMA], 7 RCTs, n=544) (see also Section 4.1).

Antiemetic medications
Eight antiemetic medications effectively prevent PONV vs placebo: droperidol, metoclopramide,
ondansetron, tropisetron, dolasetron, dexamethasone, cyclizine and granisetron (Carlisle 2006
Level | [Cochrane], 737 RCTs, n=103,237). The authors conclude that evidence for differences
between the medications was unreliable due to publication bias. Despite limited data to
compare adverse effects, droperidol was more sedative and headache more common after
ondansetron.

Scientific fraud by Yoshitaka Fujii has influenced this meta-analysis on the efficacy of
antiemetics, in particular the efficacy of granisetron and ramosetron is overestimated by
inclusion of 168 fraudulent RCTs by his group (Carlisle 2012 Level 1, 534 RCTs, n unspecified).
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Ramosetron remains effective vs placebo (but less than reported previously) and maintains a
statistical, but clinically questionable, advantage over ondansetron (Mihara 2013 Level I, 12 RCTs,
n=1,372).

The efficacy of various single compounds in reducing incidence of PONV in the first 24 h has
been confirmed in updated meta-analyses; dexamethasone 4-5 mg IV (NNT 3.7), 8-10 mg IV (NNT
3.8) (De Oliveira 2013b Level I [PRISMA], 60 RCTs, n=6,696); droperidol <1 mg IV (NNT 3.5 to 5 for high-
risk patients) (Schaub 2012 Level I, 25 RCTs, n=2,957); metoclopramide 10 mg IV (NNT 7.8) (De Oliveira
2012b Level I [PRISMA], 30 RCTs, n=3,328); perphenazine (Schnabel 2010 Level I, 11 RCTs, n=2,081); 5HTs-
antagonists ondansetron, granisetron, tropisetron and dolasetron (Tang 2012 Level I, 85 RCTs,
n=15,269), palonosetron (Singh 2016a Level | [PRISMA], 22 RCTs, n unspecified) and TD hyoscine
(scopolamine) (Apfel 2010 Level I, 25 RCTs, n=3,298). All 5-HTs antagonists are superior to placebo in
reducing incidence of PONV (125 RCTs, n=16,667 patients) (Tricco 2015a Level | [NMA], 450 RCTs,
n=80,410).

NK1 receptor antagonists are also used in treatment and prophylaxis of PONV (George 2010
NR). Aprepitant (80 mg) reduces the incidence of nausea vs placebo (pooled RR 0.60; 95%Cl
0.47 to 0.75) (3 RCTs, n=224) and vomiting (pooled RR 0.13; 95%Cl 0.04 to 0.37) (3 RCTs, n=224)
(Liu 2015 Level I [PRISMA], 14 RCTs, n=4,322). However, neither 40 mg (3 RCTs, n=1,171) nor 125
mg (2 RCTs, n=1,085) are superior to ondansetron 4 mg. After craniotomy, IV fosaprepitant 150
mg was significantly more effective than IV ondansetron 4 mg (6 vs 50% vomiting) (Tsutsumi
2014 Level ll, n=64, JS 5) and more effective than IV droperidol 1.25 mg (Atsuta 2017 Level I,
n=200, JS 5).

Propofol (1 mg/kg) close to the end of surgery reduced PONV significantly vs placebo (Kim
2014a Level II, n=107, JS 4). Caffeine 500 mg IV was ineffective in preventing PONV and increased
rates of nausea (Steinbrook 2013 Level Il, n=136, JS 3).

Combinations of antiemetics may be more effective than one medication given alone.
Prophylaxis with the combination of a 5HTs-receptor antagonist and dexamethasone was
associated with lower use of rescue antiemetics than 5HTs-receptor antagonist or
dexamethasone alone (Tricco 2015a Level | [NMA], 450 RCTs, n=80,410; Kovac 2006 Level I, 49 RCTs,
n=12,752), also after strabismus surgery in children (Shen 2014 Level I, 13 RCTs, n=2,006). Similarly,
the combination of droperidol and ondansetron was additive (Chan 2006 Level Il, n=400, JS 5).
Other combinations that were more effective than either medicine given alone were
cyclizine/granisetron (Johns 2006 Level II, n=960, JS 5), dexamethasone/haloperidol (Chu 2008 Level
Il, =400, JS 5) and dexamethasone/dolasetron (Rusch 2007 Level Il, n=242, JS 5). The addition of
metoclopramide to dexamethasone also led to better PONV prophylaxis but, compared with
dexamethasone 8 mg alone, only if doses of 25 mg and 50 mg metoclopramide were used, not
10 mg (Wallenborn 2006 Level II, n=3,140, JS 4). Oral aprepitant 80 mg added to ondansetron
reduced the rate of postoperative vomiting in bariatric surgery patients for 72 h (Sinha 2014
Level ll, n=125, JS 5).

Droperidol and, to a lesser extent, ondansetron may lead to prolonged QT intervals. Concerns
about the potential for serious cardiac arrhythmias secondary to QT prolongation associated
with droperidol led to a “black box” warning by the USA FDA in 2001. Following this there has
been a significant reduction in the use of this medication, even though the warning was felt by
many to be unwarranted (Habib 2008b NR). Mild QT prolongation can occur with anaesthesia and
surgery. Saline administration vs 0.625 and 1.25 mg IV droperidol were associated with similar
QT prolongation in the postoperative period (White 2005 Level Il, n=120, JS 5). Similarly, 1.25 mg
droperidol did not prolong QT interval (Toyoda 2013 Level Il, n=72, JS 3). A large review of surgical
patients in the periods 3 y before (n=139,932) and 3 y after (n=151,256) the FDA black box warning
merged anaesthesia database information with information from ECG and other databases as
well as patients’ case notes, and recorded all patients who had documented prolonged QT
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intervals, TdP or death within 48 h of their surgery (Nuttall 2007 Level llI-3). Despite a reduction in
droperidol use from 12 to 0% of patients following the warning, there was no difference in the
incidence of QT prolongation, ventricular tachycardia, or death within 48 h of surgery and no
clearly identified case of TdP related to use of droperidol. The authors concluded that for low-
dose droperidol, the “black box” warning was “excessive and unnecessary”. The scientific basis
of the decision in favour of a “black box” warning has been questioned as a range of data show
that the incidence of QT prolongation and TdP development is similar for low-dose droperidol
and other compounds used to treat PONV (Halloran 2010 NR). The authors of guidelines for the
management of PONV also express concerns about the FDA caution and state “due to the 2001
black box warning, droperidol is not the first choice for PONV prophylaxis in many countries” (Gan
2014 GL).

Haloperidol has also been associated with QT prolongation and TdP (Habib 2008a NR). Using
data from studies published up until 1988, a meta-analysis showed that haloperidol is also an
effective antiemetic (Buttner 2004 Level I, 23 RCTs, n=1,468). Subsequent studies have confirmed its
effectiveness vs placebo (Aouad 2007 Level II, n=93, JS 4), ondansetron (no differences in efficacy,
adverse effects or QT intervals) (Rosow 2008 Level Il, n=244, JS 2; Aouad 2007 Level II, n=93, JS 4; Lee
2007 Level I, n=90, JS 5) and droperidol (equally effective) (Wang 2008 Level Il, n=150, JS 5).
Haloperidol/ondansetron was more effective than ondansetron alone (Grecu 2008 Level Il, n=268,
15 3) and haloperidol/dexamethasone was also more effective than either medication given alone
(Wang 2012 Level I, n=135, JS 3; Chu 2008 Level I, n=400, JS 5), again with no difference in adverse
effects or QT intervals. Compared with droperidol, the only advantage of haloperidol may be
“that there is no black box warning” (Ludwin 2008 NR).

Dolasetron (IV and oral formulations) is contraindicated by the Canadian authorities for any
therapeutic use in children and adolescents aged <18 y and the prevention or treatment of PONV
in adults because of the risk of QT prolongation (Health Canada 2006 GL). This age restriction is not
limited to Canada but applies in a number of other countries including the UK. The effect of
therapeutic doses of dolasetron (and ondansetron) on QT prolongation is, however, minimal (6%
from baseline) (n=1,429) (Obal 2014 Level 1lI-3, n=1,429); a case of prolonged QT interval has been
reported after overdose (Rochford 2007 CR). More patients receiving granisetron/dexamethasone
experience an arrhythmia vs placebo (OR 2.96; 95 %Cl 1.11 to 7.94), ondansetron (OR 3.23; 95
%Cl 1.17 to 8.95), dolasetron (OR 4.37; 95% Cl 1.51 to 12.62), tropisetron (OR 3.27; 95 %Cl 1.02
to 10.43), and ondansetron/dexamethasone (OR 5.75; 95% Cl 1.71-19.34) (Tricco 2015b Level |
[NMA], 31 RCTs, n=6,623).

Other antiemetic interventions

Low-dose naloxone (< 1 mcg/kg/h) reduces opioid-related postoperative nausea (RR 0.80; 95%Cl
0.67 to 0.95), but has no effect on vomiting (RR 0.83; 95%Cl 0.63 to 1.09) (Barrons 2017 Level |
[PRISMA], 9 RCTs, n=946).

Mirtazapine vs placebo reduces PONV (RR 0.44; 95%Cl 0.32 to 0.62) (3 RCTs) and has similar
effects to ondansetron (1 RCT), while it also reduces anxiety (Bhattacharjee 2019 Level | [PRISMA],
7 RCTs, n=581).

Supplemental IV crystalloid infusions reduce the risk of PONV and the need for rescue
antiemetics (Jewer 2019 Level | [Cochrane], 41 RCTs, n=4,424). |V dextrose perioperatively vs control
does not reduce the risk of PONV, but does reduce the need for rescue antiemetics (Kim 2018
Level | [PRISMA], 7 RCTs, n=701).

Supplemental oxygen (FiO2 80%) in the postoperative period does not reduce PONV (Orhan-
Sungur 2008 Level I, 10 RCTs, n=1,729), but high inspired oxygen concentrations intraoperatively
reduce PONV in patients receiving inhalational anaesthetics without prophylactic antiemetics
(Hovaguimian 2013 Level I, 22 RCTs, n=7,001).
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PC6 acupoint stimulation (by any means: acupuncture, electro-acupuncture, transcutaneous
electrical acupoint stimulation, transcutaneous nerve stimulation, laser stimulation, capsicum
plaster, acu-stimulation device and acupressure) reduces the incidence of nausea (RR 0.68;
95%Cl 0.60 to 0.77) (40 RCTs, n=4,742), vomiting (RR 0.60; 95%Cl 0.51 to 0.71) (45 RCTs, n=5,147)
and rescue antiemetic requirements (RR 0.64; 95%Cl 0.55 to 0.73) (39 RCTs, n=4,622) based on
low quality evidence (Lee 2015a Level | [Cochrane], 59 RCTs, n=7,667). PC6 acupoint stimulation vs
antiemetics (metoclopramide, cyclizine, prochlorperazine, droperidol, ondansetron and
dexamethasone) is similarly effective on all three above outcomes. Acupuncture/acupressure is
the only nonpharmacological intervention included in the PONV management guideline
developed by the Society for Ambulatory Anesthesiology, endorsed by ANZCA (Gan 2014 GL).

Ginger (Zingiber officinale) reduces the severity (SMD -0.25; 95%Cl -0.46 to -0.04), but not
the incidence of PONV (Toth 2018 Level | [PRISMA], 10 RCTs, n=918).

Aromatherapy vs placebo has no effect on incidence of PONV, but may reduce need for
rescue antiemetic requirements; both statements are based on low-quality evidence (Hines 2018
Level llI-1 SR [Cochrane], 16 RCTs and CCTs, n=1,036).

In a pilot RCT, chewing gum was not inferior to ondansetron 4 mg for PONV treatment after
laparoscopic or breast surgery in females (Darvall 2017 Level Il, n=94, JS 3).

Impairment of gastrointestinal motility

Opioids are well described as inducing constipation with chronic use (Ahmedzai 2006 NR). Opioids
impair return of bowel function after surgery (Barletta 2012 NR). A daily dose of hydromorphone
IV >2 mg was the most obvious risk factor for postoperative ileus (Barletta 2011 Level IV, n=279).
Another risk factors was longer IV opioid use and postoperative ileus was a risk factor for
prolonged hospital LOS. After laparotomy and laparoscopic cholecystectomy and colectomy,
patients with postoperative ileus received higher opioid doses (median MED 285 mg vs 95 mg);
in postoperative patients with an ileus, opioid doses above the median were associated with
increased LOS (3.8 d to 7.1 d), total costs (USS 8,458 to 19,562), and readmission after
laparoscopic surgeries (4.8% to 5.2%) (Gan 2015 Level llI-3, n= 138,068).

Overall, treatment of opioid-induced constipation due to chronic intake with opioid
antagonists (methylnaltrexone, naloxone, naloxegol, alvimopan, axelopran, or naldemedine)
(NNT 3.4 to 7) (23 RCTs) is more effective than laxatives (lubiprostone [NNT 15] or prucalopride)
(4 RCTs) (Nee 2018 Level I [PRISMA], 27 RCTs, n=8,881); the effects of the various opioid antagonists
are similar, while the two laxatives are only slightly better than placebo. A network meta-analysis
identified SC methylnaltrexone as the most effective opioid antagonist to treat opioid-induced
constipation (Sridharan 2018 Level | [NMA], 23 RCTs, n unspecified) (17 RCTs overlap).

The peripheral-acting opioid antagonists alvimopan and methylnaltrexone are effective in
reversing opioid-induced slowing of gastrointestinal transit time and constipation and alvimopan
is an effective treatment for postoperative ileus (McNicol 2008 Level | [QUOROM], 22 RCTs, n=2,358)
(4 RCTs overlap with Nee 2018); insufficient evidence exists about the efficacy or safety of naloxone
or nalbuphine. The efficacy of alvimopan has been confirmed in subsequent studies summarised
in a review (Kraft 2010 NR). After radical cystectomy in an RCT not included in any of the above
systematic reviews, alvimopan resulted in faster gastrointestinal recovery, shorter hospital LOS
and reduced incidence of postoperative ileus (7 vs 26%) with reduced resulting morbidity (8.4 vs
29.1%) without increased adverse effects (Lee 2014a Level Il, n=280, JS 3).

A combined formulation of controlled-release (CR) oxycodone and naloxone is available in
many jurisdictions. Compared with CR oxycodone alone in patients with chronic non-cancer pain,
the combination formulation resulted in similar analgesic efficacy but less bowel dysfunction
(Lowenstein 2010 Level Il [pooled analysis of 2 RCTs], n=578, JS 5). It has been suggested that these
benefits were transferable to acute pain settings (Kuusniemi 2012 NR). This was not confirmed
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after laparoscopic hysterectomy where oxycodone/naloxone CR had no beneficial effect on
constipation or other opioid adverse effects vs oxycodone CR (Comelon 2013 Level I, n=85, JS 5). IV
administration of the crushed combination resulted in reduced drug liking and other subjective
effects (Colucci 2014 Level Il EH, n=24, JS 3).

Urinary retention
Opioids cause urinary retention due to presumed central and peripheral mechanisms. Opioid
antagonists reverse this effect; naloxone reversed opioid-induced urinary retention in 100% of
patients, while the peripheral opioid antagonist methylnaltrexone IV was effective in 42% of
study participants (Rosow 2007 Level lll-1 EH, n=13). These data suggest that at least part of the
bladder dysfunction caused by opioids is peripherally mediated.

Premedication with gabapentin reduces urinary retention caused by opioids (NNT 7) (Tiippana
2007 Level I [QUOROM], 22 RCTs, n=1,909). This effect is most likely related to the opioid-sparing
effect of gabapentin.

Pruritus

The mechanism of opioid-induced pruritus, which is particularly common after neuraxial opioid
administration, is not fully understood but central mu-opioid receptor-mediated mechanisms
are thought to be the primary cause (Ganesh 2007 NR). However, a serotonergic mechanism has
also been suggested (Aly 2018 Level Il, n=40, JS 4) (see also Section 4.3.1.5).

Naloxone, naltrexone, nalbuphine and droperidol are effective in the treatment of opioid-
induced pruritus, although minimum effective doses remain unknown (Kjellberg 2001 Level I,
22 RCTs, n=1,477 patients); doses >2 mcg/kg/h of naloxone are more likely to lead to reversal of
analgesic effects. Low-dose continuous naloxone (0.25—1 mcg/kg/h) has the best evidence (Miller
2011 NR). Nalbuphine specifically is more effective than placebo (3 RCTs), control (3 RCTs) and
diphenhydramine (1 RCT) in reducing pruritus (Jannuzzi 2016 Level I, 9 RCTs, n=1,128). Furthermore,
ondansetron reduces the incidence of opioid-induced pruritus after neuraxial administration
only in non-obstetric patients (RR 0.63; 95%Cl 0.45 to 0.89) (3 RCTs, n=235) and not in obstetric
patients (RR 0.84; 95%Cl 0.69 to 1.03) (7 RCTs, n=576) (Wang 2017b Level I [PRISMA], 10 RCTs, n=811).

Cognitive function and confusion

While opioids can be the cause of cognitive dysfunction, confusion and delirium, it is surprising
that, after cardiac surgery, IM morphine 5 mg was superior to IM haloperidol 5 mg in treating
delirium (Atalan 2013 Level II, n=53, JS 2). This suggests that undertreated pain is a relevant
consideration. Similarly, in elderly patients after hip fracture repair, opioids were not an
important predictor of postoperative delirium (Sieber 2011 Level IV, n=236).

The risk of delirium and/or changes in cognitive function has been compared in patients
receiving different PCA opioids. There was no statistically significant difference in the rates of
confusion between morphine and fentanyl (14.3 vs 14.3%) but there was less depression of
cognitive function with fentanyl (Herrick 1996 Level I, n=96, JS 2). No differences in cognitive
function were reported in patients receiving tramadol vs morphine (Silvasti 2000 Level II, n=60, JS 4)
or fentanyl (Ng 2006 Level Il, n=30, JS 5) but cognition has been found to be poorer with
hydromorphone vs morphine (Rapp 1996 Level Il, n=61, JS 4).

Pethidine use postoperatively was associated with an increased risk of delirium in the
postoperative period in comparison to other opioids (Swart 2017 Level llI-2 SR, 3 studies [pethidine],
n=877). Tramadol has been identified as a risk factor for postoperative delirium in the elderly
following abdominal surgery (Swart 2017 Level 1lI-2 SR, 1 study [tramadol]: Brouquet 2010 Level -2,
n=118).
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Tolerance and hyperalgesia

In the absence of disease progression, a decrease in the effectiveness of opioid analgesia has
traditionally been attributed to opioid tolerance. It is now known that administration of opioids
can lead to both opioid-tolerance (a desensitisation of antinociceptive pathways to opioids) and,
paradoxically, to opioid induced hyperalgesia (OIH: a sensitisation of pronociceptive pathways
leading to pain hypersensitivity) and that both these phenomena can significantly reduce the
analgesic effect of opioids (Mao 2015 NR; Low 2012 NR; Lee 2011 NR). The mechanisms underlying
the development of tolerance and OIH are still not fully understood but, as with neuropathic
pain, are thought to include activation of the glutaminergic system via the NMDA receptor, GABA
receptors and possibly the innate neuroimmune system (Arout 2015 BS NR) as well as peripheral
mu-opioid receptors (Weber 2017 NR).

It may be useful here to distinguish “pharmacological tolerance” (ie tolerance, as defined in
Section 9.7.1 “the predictable and physiological decrease in the effect of a drug over time”) and
“apparent tolerance”, where both tolerance and OIH contribute to a decrease in the
effectiveness of opioids (Chang 2007 NR; Mao 2008 NR). The clinical significance of this mix, and
the relevant contribution of pharmacological tolerance and OIH to apparent tolerance in any
particular patient is difficult, if not impossible, to determine (Low 2012 NR). However, inadequate
pain relief because of pharmacological tolerance may improve with opioid dose escalation, while
improvements in analgesia in the presence of OIH may follow a reduction in opioid dose (Mao
2008 NR; Chu 2008 NR; Chang 2007 NR).

A formal diagnosis of hyperalgesia may require quantitative sensory testing (QST), that is,
serial assessment of the responses to varying intensities of a nociceptive stimulus, in order to
determine pain thresholds (Mitra 2008 NR). QST before and after starting chronic opioid therapy
may assist in the differentiation between OIH and pharmacological tolerance (Chu 2008 NR) but
this is unlikely to become common practice in the acute pain setting. OIH is identified by reduced
pain tolerance to noxious thermal (hot and cold) stimuli, but not electrical stimuli, in patients
with chronic opioid exposure for pain management and for opioid use disorder treatment (here
more evident) (Higgins 2019 Level l1I-3 EH SR [PRISMA], 26 studies, n=2,706); pain detection thresholds
remain unchanged. However, an attempt to identify a QST method to detect hyperalgesia in
chronic pain patients on long-term opioids failed, as none of the measures could be used as a
definitive standard (Katz 2015 Level IV EH SR, 14 studies, n unspecified). The pain types investigated
include cold, heat, pressure, electrical, ischaemic and injection; only heat pain sensitivity showed
promise.

Studies of OIH are confounded by factors such as pain modality tested, route of
administration and type of opioid (Weber 2017 NR). Psychological factors such as pain-related
distress and catastrophising might also affect pain sensitivity in those taking opioids for chronic
pain (Edwards 2011 Level llI-2, n=276; Eyler 2013 NR). lllicit substance use, affective characteristics,
or coping styles may also play a role here (Higgins 2019 Level Ill-3 EH SR [PRISMA], 26 studies,
n=2,706). Additionally, increasing opioid dose will worsen OIH (Colvin 2019 NR). Practical clinical
challenges include lack of consensus on “the” diagnostic test, and overlap with tolerance, drug
withdrawal and neuropathic pain.

It is probable that the degree of OIH varies between opioids. Remifentanil in particular (Fletcher
2014 Level | [PRISMA], 27 RCTs, n=1,494; Kim 2014b Level IV EH SR, number of studies unspecified, n
unspecified; Rivosecchi 2014 Level IV SR, 35 studies, n unspecified) (significant overlap be