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Series preface

Since the successful first edition of Clinical Pain Manage-
ment was published in 2002, the evidence base in many
areas of pain medicine has changed substantially, thus
creating the need for this second edition. We have
retained the central ethos of the first volume in that we
have continued to provide comprehensive coverage of
pain medicine, with the text geared predominantly to the
requirements of those training and practicing in pain
medicine and related specialties. The emphasis continues
to be on delivering this coverage in a format that is easily
accessed and digested by the busy clinician in practice.

As before, Clinical Pain Management comprises four
volumes. The first three cover the main disciplines of acute,
chronic, and cancer pain management, and the fourth
volume covers the practical aspects of clinical practice and
research. The four volumes can be used independently,
while together they give readers all they need to know to
deliver a successful pain management service.

Of the 161 chapters in the four volumes, almost a third
are brand new to this edition while the chapters that have
been retained have been completely revised, in many cases
under new authorship. This degree of change reflects
ongoing progress in this broad field, where research and
development provide a rapidly evolving evidence base.
The international flavor of Clinical Pain Management
remains an important feature, and perusal of the
contributor pages will reveal that authors and editors
are drawn from a total of 16 countries.

A particularly popular aspect of the first edition was the
practice of including a system of simple evidence scoring
in most of the chapters. This enables the reader to
understand quickly the strength of evidence which
supports a particular therapeutic statement or recom-
mendation. This has been retained for the first three
volumes, where appropriate. We have, however, improved
the system used for scoring evidence from a three point
scale used in the first edition and adopted the five point
Bandolier system which is in widespread use and will be
instantly familiar to many readers (www.jr2.ox.ac.uk/
bandolier/band6/b6-5.html).

We have also retained the practice of asking authors to
highlight the key references in each chapter. Following
feedback from our readers we have added two new
features for this edition: first, there are key learning
points at the head of each chapter summarizing the
most salient points within the chapter; and second, the
series is accompanied by a companion website with
downloadable figures.

This project would not have been possible without the
hard work and commitment of the chapter authors and
we are deeply indebted to all of them for their
contributions. The volume editors have done a sterling
job in diligently editing a large number of chapters, and to
them we are also most grateful. Any project of this
magnitude would be impossible without substantial
support from the publishers – in particular we would
like to acknowledge our debt to Jo Koster and Zelah
Pengilley at Hodder. They have delivered the project on a
tight deadline and ensured that a large number of authors
and editors were kept gently, but firmly, ‘‘on track.’’

Andrew SC Rice, Douglas Justins, Toby Newton-John,
Richard F Howard, Christine A Miaskowski

London, Newcastle, and San Francisco

I would also like to add my personal thanks to the Series
Editors who have given their time generously and made
invaluable contributions through the whole editorial
process from the very outset of discussions regarding a
second edition in deciding upon the content of each
volume and in selecting Volume Editors. More recently,
they have provided an important second view in the
consideration of all submitted chapters, not to mention
stepping in and assisting with first edits where needed.
The timely completion of the second edition would not
have been possible without this invaluable input.

Andrew SC Rice
Lead Editor

www.jr2.ox.ac.uk/bandolier/band6/b6-5.html
www.jr2.ox.ac.uk/bandolier/band6/b6-5.html
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Introduction to Clinical Pain Management:
Acute Pain

Since publication of the first edition of Clinical Pain Management: Acute Pain, there has been a significant increase in the
amount and quality of evidence relating to the treatment of acute pain. There has also been increasing recognition of the
need to improve the management of acute pain, with key international bodies such as the World Health Organization
(WHO) and the International Association for the Study of Pain (IASP) stating that appropriate pain relief, including relief
of acute pain, ‘‘. . . should be a human right.’’

A better understanding that acute pain is just one end of the pain spectrum and that many patients do not fit neatly into
either an acute pain or chronic pain category, has led to an expansion of the traditional patient treatment groups (mainly
postoperative, obstetric, and trauma patients) to include those with acute-on-chronic pain, acute cancer pain, or acute
pain from a large number of medical conditions. There has also been a progressive increase in the number of patients who
are opioid-tolerant and in whom effective management of acute pain can be more problematic. Increased knowledge about
acute neuropathic pain, and the recognition that it can occur within hours of a nerve injury and that patients undergoing
particular types of surgery are at greater risk of developing persistent postoperative pain, continues to suggest that better
treatment of acute pain could reduce this risk.

As a result of all these developments, pain therapies more traditionally used for the management of chronic pain are
now also used in the acute pain setting. The second edition of Clinical Pain Management: Acute Pain aims to reflect these
changes and the progress made in the management of acute pain.

The first part has therefore been expanded. As well as reviews of some of the basic aspects of acute pain management
(now including developmental biology of nociception) and many of the drugs traditionally used in the management of
acute pain, it now includes a chapter on the pharmacology of other adjuvant drugs, including those used for the
management of acute neuropathic pain. Up-to-date information on preventive analgesia is also given.

The second part of the volume again considers some of the techniques used for the treatment of acute pain. Methods of
drug delivery and routes by which drugs can be given are described and the importance of non-drug treatment is again
recognized, both in adults and children. The chapter on nerve blocks now concentrates on continuous peripheral neural
blockade – an increasingly common method of pain relief after surgery and one that may be continued once the patient
has left hospital.

The third and final part reflects the increasing complexity of acute pain management in some patients. As before, it
looks at a number of the many clinical situations in which acute pain can arise and the methods of treatment that may be
suitable in these circumstances, whether the patient is young or old, or has pain due to surgery, trauma, medical illnesses,
or childbirth. New chapters have been added to provide information on acute pain management in emergency
departments, field and disaster situations, and the developing world, as well as the increasingly common problem of acute
pain management in the opioid-tolerant patient, and the risk and possible prevention of persistent postsurgical pain.

Many authors kindly contributed to this volume (as with the other volumes in this series) and they were invited to
present their information in a practical and evidence-based manner. It is hoped that this second edition of Clinical Pain
Management: Acute Pain will be of value to all who are involved in the management of acute pain.

Pamela E Macintyre, Suellen Walker, and David J Rowbotham
Adelaide, London, and Leicester
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How to use this book

SPECIAL FEATURES

The four volumes of Clinical Pain Management incorporate the following special features to aid the readers’ understanding
and navigation of the text.

Key learning points

Each chapter opens with a set of key learning points which provide readers with an overview of the most salient points
within the chapter.

Cross-references

Throughout the chapters in this volume you will find cross-references to chapters in other volumes in the Clinical Pain
Management series. Each cross-reference will indicate the volume in which the chapter referred to is to be found.

Evidence scoring

In chapters where recommendations for surgical, medical, psychological, and complementary treatment and diagnostic
tests are presented, the quality of evidence supporting authors’ statements relating to clinical interventions, or the papers
themselves, are graded following the Oxford Bandolier system by insertion of the following symbols into the text:

[I] Strong evidence from at least one published systematic review of multiple well-designed randomized controlled
trials

[II] Strong evidence from at least one published properly designed randomized controlled trial of appropriate size
and in an appropriate clinical setting

[III] Evidence from published well-designed trials without randomization, single group pre-post, cohort, time series,
or matched case-controlled studies

[IV] Evidence from well-designed non-experimental studies from more than one center or research group
[V] Opinions of respected authorities, based on clinical evidence, descriptive studies or reports of expert consensus

committees.
Oxford Bandolier system used by kind permission of Bandolier: www.jr2.ox.ac.uk/Bandolier

Where no grade is inserted, the quality of supporting evidence, if any exists, is of low grade only (e.g. case reports, clinical
experience, etc).

Other textbooks devoted to the subject of pain include a tremendous amount of anecdotal and personal recom-
mendations, and it is often difficult to distinguish these from those with an established evidence base. This text is thus
unique in allowing the reader the opportunity to do this with confidence.

www.jr2.ox.ac.uk/Bandolier


Reference annotation

The reference lists are annotated with asterisks, where appropriate, to guide readers to key primary papers, major review
articles (which contain extensive reference lists), and clinical guidelines. We hope that this feature will render extensive lists
of references more useful to the reader and will help to encourage self-directed learning among both trainees and
practicing physicians.

A NOTE ON DRUG NAMES

The authors have used the international nonproprietary name (INN) for drugs where possible. If the INN name differs
from the US or UK name, authors have used the INN name followed by the US and/or UK name in brackets on first use
within a chapter.
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Abbreviations

5-HT 5-hydroxytryptamine

6-MAM 6-monoacetyl morphine

6-MNA 6-methoxy-2-naphthylacetic acid

a-PC activated protein C

AA arachidonic acid

AAG alpha-acid glycoprotein

AAMPGG Australian Acute Musculoskeletal Pain

Guidelines Group

AC1/AC8 adenylyl cyclase 1 and 8

ACC Accident Rehabilitation and Compensation

Insurance Corporation; or arterior cingulate

cortex

AIDS acquired immune deficiency syndrome

AL-TENS acupuncture-like TENS

ALA aminolaevulinic acid

ALOS average length of stay

ALT aminotransferase

AM abdominal migraine

AMPA a-amino-3-hydroxy-5-methyl-4-isaxazole

propionic acid; or a-amino-3-hydroxy-5-

methylisoxazole-4-propionic acid

AP action potential

APRV airway pressure release settings

APS acute pain service

ARDS acute respiratory distress syndrome

ASIC acid sensing ion channel

ASR abdominal skin reflex

ATP adenosine triphosphate

AUC area under the concentration-time curve; or

area under the curve

B1/B2 bradykinin receptors

BAB butyl amino-benzoate

BAN British Approved Name

BDNF brain-derived neurotrophic factor

BIS bispectral analysis

BK bradykinin

BPI brief pain inventory

BPI-SF short form of the BPI

CaMK calcium-calmodulin-dependent kinase

CaMKII calcium calmodulin kinase II

cAMP cyclic AMP

CBT cognitive-behavioral therapy

CCI chronic constriction injury

CCK cholecystokinin

CEA continuous epidural analgesia

CGRP calcitonin gene-related peptide

CHEOPS Children’s Hospital of Eastern Ontario

Pain Score

CHIP Checklist for Interpersonal Pain

Behavior

CI confidence interval

CNS central nervous system

COMT catecholamine-O-methyltransferase

CONSORT Consolidated Standards for Reporting

Trials

COX cyclooxygenase

CPNB continuous peripheral nerve block

CPSP chronic postsurgical pain

CREB cyclic AMP response element binding

protein

CRIES CRying, Increased vital signs, Expression,

and Sleeplessness

CRP C-reactive protein

CRPS complex regional pain syndrome

CRRT continuous renal replacement therapy

CSA continuous spinal analgesia

CSAG Clinical Standards Advisory Group

CSE combined spinal-epidural

CSF cerebrospinal fluid

CSH combat support hospital

CT computed tomography

CTS carpal tunnel syndrome

CVS cardiovascular system

DAG 1,2-diacylglycerol

DAGb diacyglycerol

DCD donation after cardiac death

DH dorsal horn

DLF dorsolateral funiculus

DNIC diffuse noxious inhibitory controls

DRASH deployable rapid assembly shelter and

surgical hospital

DRG dorsal root ganglion

DS-DAT Discomfort Scale for Dementia of the

Alzheimer Type



DSP distal symmetrical polyneuropathy

EA electroacupuncture

ECG electrocardiogram

ECM extracellular matrix

ECMO extracorporeal membrane oxygenation

ED emergency departments

EDA electronic dental anesthesia

EDTA ethylenediaminetetracetate

EEG electroencephalogram

EMG electromyography

EMLA eutectic mixture of local anesthetics

ENT ear, nose, and throat

EPSP excitatory postsynaptic potentials

ER emergency room

EREM extended-release epidural morphine

ERK extracellular signal-regulated kinase

ESR erythrocyte sedimentation rate

ESWT extracorporeal shock wave treatment

FAS functional activity scale

FBD functional bowel disorders

FDA Food and Drug Administration

FEB fentanyl effervescent buccal

FLACC Face, Legs, Arms, Cry, Consolability

fMRI functional magnetic resonance imaging

FPS faces pain scale

GABA gamma-aminobutyric acid

GBS Guillain–Barré syndrome

GDNF glial cell line-derived neurotrophic factor

GI gastrointestinal

GlyR glycine receptor

GPCR G-proteins coupled receptor

GRECC Geriatric Research Education Clinical

Centre

GRS graphic rating scale

H2RA histamine H2 receptor antagonist

HBOT hyperbaric oxygen therapy

HCP healthcare providers

HDU high-dependency unit

HIV human immunodeficiency virus

HPA hypothalamic–pituitary axis

HS harvest site

i.a. intra-articular

IASP International Association for the Study of

Pain

IBS irritable bowel syndrome

IC Ca intracellular calcium

ICU intensive care unit
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KEY LEARNING POINTS

� The somatosensory system processes four broadly

distinct sensory modalities: tactile, proprioceptive,

thermal sensations, and pain.
� Four distinct processes can be identified between the

delivery of a noxious stimulus and the subjective

experience of pain: transduction, transmission,

modulation, and perception.
� There are two types of primary afferent fiber involved in

nociception: Ad- and C-fibers. The two principal

functions of primary afferent neurons are stimulus

transduction and transmission of encoded stimulus

information to the central nervous system (CNS).
� In nociceptive signaling in the dorsal horn, three major

categories of neuronal cells can be identified: projection

neurons, and inhibitory and excitatory interneurons

utilizing a variety of neurotransmitters.

� Nociceptive input to the dorsal horn is relayed to higher

centers in the brain via several ascending pathways: the

spinothalamic tract being classically considered as the

major pain pathway.
� Multiple cortical areas are activated by painful stimuli

including: the primary and secondary somatosensory

cortices, the insula, the anterior cingulate cortex, and

the prefrontal cortex.
� The modulation of nociceptive messages in spinal cord

neurons is dependent on the balance of inputs from

primary afferent nociceptors, intrinsic spinal cord

neurons, and descending systems projecting from

supraspinal sites.

INTRODUCTION

The somatosensory system processes four broadly distinct
sensory modalities: tactile, proprioceptive, thermal sen-
sations, and pain.1 According to the specificity theory,
each sensory modality is mediated by a separate class of
receptor and a distinct neuroanatomical pathway. How-
ever, while this classification is by no means as rigid as
first thought, it does hold under most physiological

conditions. Sherrington2 proposed that cutaneous recep-
tors responding selectively to tissue-damaging (noxious)
stimuli should be designated nociceptors. When noxious
thermal or mechanical stimuli are applied to the skin, a
chain of events is set in motion that usually results in
perception of the sensation of pain.

Interspersed between the delivery of a noxious sti-
mulus and the subjective experience of pain is a series of
complex electrical and chemical events during which four



distinct processes can be identified: transduction, trans-
mission, modulation, and perception. Transduction, or
receptor activation, is the process by which external
noxious energy is converted into electrophysiological
activity in nociceptive primary afferent neurons. Trans-
mission refers to the process by which this coded infor-
mation is relayed to those structures of the central
nervous system (CNS) concerned with pain. The first
stage of transmission is the conduction of impulses in
primary afferent neurons to the dorsal horn of the spinal
cord, from where a network of neurons ascends in the
spinal cord to the brain stem and thalamus. Finally,
reciprocal connections are made between the thalamus
and the multiple higher areas of the brain concerned with
the perceptive and affective responses associated with
pain. However, nociceptive activity does not always result
in pain perception (equally, pain may be perceived in the
absence of nociception). Therefore, a process of signal
modulation must be introduced into this system that is
capable of interfering in this ‘‘pathway;’’ the modulatory
site about which most is known is the dorsal horn of the
spinal cord. The final process is perception, in which the
pain message is relayed to the brain, producing an
unpleasant sensory experience, which has affective,
defensive, and perceptive components.

PERIPHERAL ASPECTS OF NOCICEPTION

Neurons in peripheral nerves can be classified according to
morphological, electrophysiological, and biochemical char-
acteristics (Table 1a.1 and Figure 1a.1).3, 4, 5, 6 There are two
types of primary afferent fiber involved in nociception: Ad-
and C-fibers (Table 1a.2). The two principal functions of
primary afferent neurons are stimulus transduction and
transmission of encoded stimulus information to the CNS.
The cell body of such a neuron is located in the dorsal root
ganglion of a spinal nerve (or trigeminal ganglion for the
trigeminal nerve), and the smaller diameter cell bodies are
associated with nociception. Each axon possesses two
branches, one projecting to the periphery (peripheral pro-
cess), where its terminal is sensitive to noxious stimuli, and

one projecting to the CNS (central process), where it
synapses with CNS neurons. Eighty percent of nociceptor
primary afferents are nonmyelinated C-fibers.

Classification of somatic nociceptors

Primary afferent nociceptors have more recently been
classified according to their neurochemical characteristics
and spinal connections, although the precise implications
of these findings for physiological function are at present
unclear (Figure 1a.1a).7 Using a genetic transneuronal
tracing analysis, it has recently been suggested that para-
llel and largely independent circuits are engaged by the
two major primary afferent nociceptor populations
(peptidergic and nonpeptidergic). Furthermore, motor as
well as limbic targets predominate in the circuits that
originate from the nonpeptide population (Figure 1a.1b).

The elaborate cutaneous receptors associated with large
myelinated neurons have no identifiable counterpart in the
nociceptive domain. Nociceptors in the skin and other
somatic tissues are morphologically free nerve endings or
very simple receptor structures and are widespread in the
superficial layers of the skin and also in certain deeper
somatic tissues (e.g. periosteum and joint surfaces).

C polymodal nociceptors are the most numerous of
somatic nociceptors and respond to the full range of
mechanical, thermal, and chemical noxious stimuli,
including, characteristically, the pungent ingredient of chilli
peppers, capsaicin,8 as well as various molecules associated
with tissue injury and inflammation (Table 1a.3).9 The
more rapidly conducting (5–30m/s) Ad nociceptors form a
more heterogeneous group and generally respond to ther-
mal and/or mechanical stimuli.

PRIMARY AFFERENT RECEPTORS

A noxious stimulus activates the nociceptor by distorting and
depolarizing the membrane of the sensory nerve ending. The
exact cellular mechanisms by which various stimuli depo-
larize free sensory endings and trigger an action potential are
not known, but it is suggested that the transduction

Table 1a.1 Classification of neurons.

Type Conduction velocity (m/s) Neuron diameter (lm) Characteristics

Aa 60–120 12–22 Skeletal motor (M)

Ab 50–70 4–12 Touch, vibration, light pressure (M)

Ag 35–70 4–12 Intrafusal proprioception (M)

Ad 5–30 1–5 Primary nociceptive afferent (M)

B 3–30 1.5–4 Autonomic preganglionic (M)

C o3 o1.5 Primary nociceptive afferent (unM)

Autonomic postganglionic (unM)

M, myelinated fibers; unM, unmyelinated fibers.
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Figure 1a.1 (a) Many primary afferent nociceptors are sensitive to the effects of capsaicin, which exerts its effects via an interaction with

the transient receptor potential vanilloid 1 (TRPV1) receptor, but can be subdivided according to their dependence on various growth factors

and neurochemical composition. This can be ascertained by immunohistochemical study of the cell bodies of primary afferent nociceptors in

the dorsal root ganglion (DRG) and dorsal horn of the spinal cord. In fetal life, 75 percent of DRG cells are dependent on the neurotrophin

nerve growth factor (NGF) for survival and express the high-affinity receptor for NGF, trkA (tyrosine kinase A). However, during early

postnatal life, this growth factor dependency alters, so that in adult life only 45 percent of DRG cells express trkA. Therefore, to date, two

major classes of unmyelinated primary afferent nociceptors have been identified. The peptidergic population which in addition to its NGF

dependency also expresses the neuropeptides substance P (SP) and calcitonin gene-related peptide (CGRP) and low levels of another

neurotrophin brain-derived neurotrophic factor (BDNF). They project to dorsal horn lamina I and the outer part of lamina II, in which the

neurokinin 1 (NK1) (agonist, substance P) receptor is found. The nonpeptidergic population comprises the 30 percent of DRG cells which lose

trkA and can be identified by their expression of the lectin IB4 and the enzyme FRAP. They become sensitive to glial cell line-derived

neurotrophic factor (GDNF) and express the high-affinity receptor for GDNF, Ret. They also express the purine receptor P2X3. A subset of

these cells contains the neuromodulator somatostatin (SOM). These neurons terminate in the inner aspect of dorsal horn lamina II, an area

characterized by its specific expression of protein kinase C-g (PKC-g). The fundamental differences in the pattern of primary afferent

termination has recently been suggested to account for two parallel ascending pain pathways in the central nervous system. This figure was

published in Snider WD, McMahon SB. Tackling pain at the source: new ideas about nociceptors. Neuron. 1998; 20: 629–32, Copyright
Elsevier.3 (b) Using genetic tracing of ascending nociceptive circuits, the nonpeptidergic population of neurons (that expresses the sodium

channel Nav1.8) project to several limbic and striatal regions including the globus pallidus. As the latter is involved in regulating motor

functions, this newly discovered pain target may explain why noxious stimuli almost always induce changes in motor behaviors. In contrast,

the peptidergic population projects heavily to the brain stem and thalamus. The two populations of neurons may converge at supraspinal

levels in the hypothalamus and amygdala (Amg, amygdala; BNST, bed nucleus of the stria terminalis; Hyp, hypothalamus). This figure was

published in Braz JM, Nassar MA, Wood JN, Basbaum AI. Parallel ‘‘pain’’ pathways arise from subpopulations of primary afferent nociceptor.

Neuron. 2005; 47: 787–93, Copyright Elsevier.4



mechanism for each type of noxious stimulus is distinct. A
number of specialized ion channels have been identified that
underlie transduction. These include thermoreceptors,
mechanoreceptors, and chemoreceptors. Electrophysio-
logically, the mechanoreceptors can be divided into two
major groups: (1) the low-threshold mechanoreceptors that
all robustly respond to the ramp phase of a stimulus and (2)
nociceptive mechanoreceptors (or mechanonociceptors) that
respond primarily to the static phase of a stimulus.10

Mechanonociceptors can form free nerve endings in the
dermis or epidermis and typically form synapses in the
superficial dorsal horn. The molecular mechanisms by which
sensory neurons detect mechanical stimuli are not fully
understood, but may involve subtypes of Na1, K1, transient
receptor potential (TRP), or acid-sensing ion channels.10, 11

Acid-sensing ion channels (ASIC) are almost ubiquitous
in the mammalian nervous system, especially in the peri-
phery where they are involved in mechanoreception and
nociception.12

At any given moment, we can experience a wide range
of temperatures, when a thermal stimulus excites primary
afferent sensory neurons. Once activated, these cells relay
signals, through action potentials, from peripheral tissues
to the spinal cord and brain, where they are integrated and
interpreted to trigger appropriate reflexive and cognitive
responses.13 Psychophysically, we perceive heat to be
uncomfortable or pain-producing (noxious) when tem-
peratures exceed around 431C, whereas the threshold for
noxious cold is in the vicinity of 151C. The proteins that

enable sensory neurons to convey temperature information
are mainly ion channels activated by specific changes in
temperature and belonging to the TRP family (Figure
1a.2).14 Several TRP channels are temperature sensitive
and, when activated, depolarize nociceptor terminals. The
TRPV1 channel, originally named the vanilloid receptor 1
(VR1), is a calcium permeable ion channel, which is gated
directly by heat at temperatures around 431C, but is also
activated by capsaicin and protons.14

Many nociceptors express ionotropic (P2X) and G-
protein-coupled (P2Y) receptors that are responsive to
adenosine triphosphate (ATP). All cells in the body con-
tain millimolar concentrations of ATP, which is released if
cells are lysed during injury and can then activate noci-
ceptors. P2X3 receptors are selectively expressed pre-
dominantly on small-diameter nociceptive sensory
neurons.15, 16 Serotonin (5-hydroxytryptamine (5-HT)) is
released from platelets and mast cells after tissue injury.
Receptors of the 5-HT3

17 and 5-HT2A subtype are present
on C-fibers, acting with other inflammatory mediators to
excite and sensitize afferent nerve fibers (see Chapter 1b,
Mechanisms of inflammatory hyperalgesia).18

Nociception: somatic versus visceral

For obvious reasons, the physiology of nociception has
traditionally been elucidated by the examination of
responses to ephemeral stimuli delivered to the skin.

Table 1a.2 Nociceptors.

Receptor type Fiber group Quality

Polymodal (mechanical, heat, chemical) C Slow, burning pain

Thermal and mechanothermal Ad Sharp, pricking pain

C polymodal nociceptors respond to a broad range of tissue-damaging energy (chemical, thermal, and mechanical). In the
peripheral nerve, they are coupled to slowly conducting unmyelinated C-fibers. Human microneurography experiments have
demonstrated that primary afferent neuronal traffic associated with C polymodal nociceptor activity relates to the per-
ception of a prolonged ‘‘burning’’ pain. Ad mechanoheat receptors form a more heterogeneous group, generally responding
only to noxious mechanical and thermal stimuli. They are coupled to the more rapidly conducting Ad thinly myelinated
axons. Microneurography has shown that activity in these axons is associated with the perception of a brief ‘‘sharp’’ pain.

Table 1a.3 Some of the endogenous molecules that activate nociceptors.

Substance Source Enzyme involved in synthesis Effect on primary afferent fibers

Potassium Damaged cells Activation

Protons Hypoxic cells Activation

Serotonin Platelets Tryptophan hydroxylase Activation

Bradykinin Plasma kininogen Kallikrein Activation

Histamine Mast cells Activation

Prostaglandins AA-damaged cells Cyclooxygenase Sensitization

Leukotrienes AA-damaged cells 5-Lipoxygenase Sensitization

Substance P Primary afferents Sensitization

After Basbaum and Jessel.9 AA, arachidonic acid.
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Nevertheless, pain of visceral origin is an important
clinical problem, and visceral and somatic nociception
differ in several fundamental respects (Table 1a.4).19 This
is unsurprising when the biological functions of the
sensory innervation of skin and viscera are considered:
the somatic system warns of external threats, whereas the
visceral system alerts the organism to the danger of
internal disease. This functional difference is most
obvious when the ‘‘effective stimuli’’ for exciting somatic
and visceral nociceptors are considered. The thermal and
mechanical stimuli referred to above as exciting somatic
nociceptors are generally ineffective in evoking pain when
delivered to internal organs. Indeed, sensory stimuli
applied to certain parenchymatous internal organs, such
as healthy lung, liver, and kidney, appear not to result in
perception of any sensation. Pathological distension or
contraction of the smooth muscle walls of hollow viscera
and the capsules of parenchymatous organs does evoke
pain, for example ureteric colic or labor pain, as does
ischemia or inflammation. The precise localization of the
source of injury is biologically important for cutaneous
injury, but not for the viscera, and the activities of
patients in this regard reflect this.20

Visceral afferents projecting into the spinal cord represent
less than 10 percent of all spinal afferent input. Each viscus is
innervated by two different nerves, typically the vagus nerve
and a spinal (‘‘splanchnic’’) nerve. Second-order spinal
neurons upon which visceral afferents terminate also receive
convergent nonvisceral input, as well as input from other
viscera. Visceral nociceptors have been identified in most
internal organs and are usually classified according to their
mechanical properties. However, it is likely that their che-
mical sensitivity by locally acting agents play a more
important role in the signaling of clinically relevant pain
states than their mechanosensitivity. There is also increasing
evidence for a major role of some nonneural elements in the
signaling and transduction of visceral nociceptive events: for
example, it has been demonstrated that ATP and nitric oxide
(NO) released from urothelial cells modifies the activity of
bladder sensory afferents. Molecular substrates underlying
sensitivity of different viscera include acid-sensing ion
channel (ASIC), TRPV1 and purinergic (P2X) receptors,
voltage-gated Na1 channels (Nav1.8) and neuropeptides of
the tachykinin family.21 Finally, emerging evidence suggests
that one visceral sensory cell soma in the dorsal root
ganglion may generate axons that innervate different organs,
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Figure 1a.2 Capsaicin, the pungent ingredient of chili peppers, hydrogen ions, and noxious heat can activate the TRPV1 receptor. The

involvement of TRPV1 in thermal nociception has been demonstrated by multiple methods, including the analysis of TRPV1-deficient

mice. TRPV2, TRPM8, and TRPA1 are also very likely to be involved in thermal nociception, because their activation thresholds are

within the noxious range of temperature. In addition to the TRP family K1 channels, other membrane proteins such as Na1/K1 ATPase,

members of degenerin/epithelial sodium channels (DEG/ENaC), and P2X3 receptors have been reported to be thermosensitive.14 However,

the involvement of those proteins in thermonociception remains to be established. This figure was published in Jordt S-E, McKemy DD,

Julius D. Lessons from peppers and peppermint: the molecular logic of thermosensation. Current Opinion in Neurobiology. 2003; 13:
487–92, Copyright Elsevier.
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and that silent visceral nociceptors appear to represent a
greater proportion of the visceral innervation than has been
reported in the skin.

THE SPINAL CORD

The central processes of the vast majority of primary
afferent neurons enter the spinal cord via the dorsal roots,
those associated with nociception lying in the ventrolateral
portion of the root.22 While most nociceptive neurons
immediately enter the dorsal horn at the same segmental
level, a significant proportion course caudally or rostrally
for a few segments in the Lissauer’s tract. The primary
afferent neurons synapse with CNS (second order) neurons
in the dorsal horn (Figure 1a.3a). In addition, descending
axons from the brain stem synapse in the dorsal horn and
modulate nociceptive transmission.

Anatomy: Rexed’s laminae

The dorsal horn of the spinal cord is the first relay point
for sensory information conveyed to the brain from the
periphery. The spinal gray matter contains the nerve cell
bodies of spinal neurons and the white matter contains
axons that ascend to or descend from the brain. In 1952,
based on neuronal cytoarchitecture, Rexed subdivided the
gray matter into 10 laminae (Figure 1a.3b).23 Laminae
I–VI correspond to the dorsal horn and contain inter-
neurons and projection neurons that relay incoming
sensory information to the brain.24

Nociceptive fibers terminate primarily in the super-
ficial dorsal horn, which comprises the marginal zone
(lamina I) and the substantia gelatinosa (lamina II). Some
Ad-fibers also project more deeply and terminate in
lamina V. In the dorsal horn, nociceptive afferents form
connections with projection neurons or local excitatory

Table 1a.4 A comparison of the features of somatic and visceral pain.

Visceral Cutaneous

Effective stimuli Direct trauma ineffective Direct trauma effective

Distension and ischemia effective

Localization of site of injury Poor Precise

Primary hyperalgesia Yes Yes

Secondary hyperalgesia Yes, at site of referral Yes, around site of damage

Associated autonomic symptoms Usual Unusual

The transduction mechanisms for pain of visceral origin differ from those of the cutaneous system, reflecting the dissimilar
biological roles of the cutaneous and visceral innervations. The function of the visceral system is to warn of internal disease
rather than external threats. Thus, high-intensity thermal and mechanical stimuli are generally ineffectual, whereas visceral
distension, inflammation, or ischemia and smooth muscle contraction evoke perception of pain.
Redrawn from McMahon SB. Are there fundamental differences in the peripheral mechanisms of visceral and somatic
pain. Behavioral and Brain Sciences. 1997; 20: 381–91, with permission from Cambridge University Press.19
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(glutamatergic) or inhibitory (GABAergic and/or glyci-
nergic) interneurons to regulate the flow of nociceptive
information to higher centers. These neurons are also
located in laminae V and VI (Figure 1a.4). Under normal
physiological conditions, tactile afferents (light touch)
synapse in layers III and IV. Both nociceptive and tactile
afferent neurons also have a convergent input into lamina
V neurons, either directly or via interneurons.

Three major categories of neuronal cells can be iden-
tified in the dorsal horn: projection neurons and inhibi-
tory and excitatory interneurons. Projection neurons are
responsible for the forwarding of afferent traffic to higher
centers, and three physiologically distinct neuronal types
can be identified:

1. Nociceptive-specific (NS) cells respond exclusively
to noxious stimuli, have small receptive fields,
and predominate in lamina I, but are also found
in laminae II and V.

2. Low-threshold (LT) neurons respond solely to
innocuous stimuli and predominate in laminae III
and IV.

3. Wide dynamic range (WDR) neurons respond to
a range of sensory stimuli. WDR neurons receive
converging inputs from a large number and
diverse range of primary afferent neurons of
disparate sensory modalities and consequentially
possess large receptive fields. WDR neurons are
predominantly in lamina V.

Compared with somatic fibers, visceral nociceptors are
fewer, more widely distributed, proportionately activate a
larger number of spinal neurons, and are not as well
organized somatotopically. Visceral afferents terminate
primarily in lamina V and to a lesser extent in lamina I.
These two laminae represent points of central convergence
between somatic and visceral inputs, an important feature

for the physiology of ‘‘referred’’ pain associated with visc-
eral injury (see Mechanisms of referred pain).

Neurotransmitters in the dorsal horn

A variety of neurotransmitters have been implicated in
nociceptive signaling in the dorsal horn (Table 1a.5).25,
26, 27, 28, 29, 30, 31 While certain amino acids and neuropep-
tides play a predominant role, there is no convincing evi-
dence for the existence of a single ‘‘pain neurotransmitter.’’
In fact, the identification of a specific peptide with a spe-
cific physiological class of sensory receptor is unlikely in
view of the coexistence, in various combinations, of up to
four peptides in single dorsal root ganglia neurons. Fur-
thermore, the distribution of neuropeptides in various
types of tissue can be quite different. For example, in
general, dorsal root ganglia neurons that innervate visceral
targets are rich in substance P (SP) and calcitonin gene-
related peptide (CGRP) compared with those innervating
the skin. The concentrations of peptides in dorsal root
ganglia neurons change after tissue injury and these
changes outlast the pain behavior evoked by the pain sti-
mulus. This indicates that tissue injury can alter the bio-
chemical phenotype of the primary afferent neuron.

In addition to the interactions between peptides, there
are also interactions between peptides and excitatory
amino acid transmitters on dorsal horn neurons. Noxious
stimulation evokes the release of glutamate and other
amino acids that co-occur with the peptides in primary
afferent terminals.32 The amino acids glutamate and
aspartate are the major participants in excitatory trans-
mission at a spinal level. These substances are stored in the
terminals of primary afferent nociceptors and are released
in response to nociceptive activity. Exogenous application
of these amino acids replicates spinal nociception and
antagonists have analgesic qualities. The fast excitatory
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C-fiber
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Projection
neurons
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ascending

tracts
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Figure 1a.4 Termination of primary afferent

neurons in the dorsal horn of the spinal cord.

Projection neurons in lamina I receive direct

input from myelinated Ad nociceptors and

indirect input from unmyelinated C

nociceptors via stalk cell interneurons

terminating in lamina II. Lamina V neurons

are predominantly of the wide dynamic range

type. They receive low-threshold input from

large-diameter myelinated Aa-fibers of
mechanoreceptors, as well as both direct and

indirect input from Ad and C nociceptive

afferents. (Redrawn with permission from

Fields HL. Pain. The McGraw-Hill Companies,

Inc., 1987, Copyright).1
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postsynaptic potentials generated by glutamate at the a-
amino-3-hydroxy-5-methyl-4-isaxazole propionic acid
(AMPA) subtype of glutamate receptor are principally
involved in the onward transmission of nociceptive infor-
mation under physiological conditions. The conditions
required for glutamate-induced N-methyl-D-aspartate
(NMDA) receptor activation are complex and only seem to
be achieved after sustained activity in C-fiber primary
afferent neurons. Neuropeptides such as SP and CGRP are
costored in glutamatergic neurons and are also released
from the spinal terminals of nociceptors in response to

afferent activity. These neuropeptides probably play a
facilitatory role (neuromodulators) to the excitatory amino
acids.

In addition to effects of GABA- and/or glycinergic
interneurons, there are a number of other inhibitory
neurotransmitters which modulate nociception at the
dorsal horn segmental level. Somatostatin plays an
important role in pain modulation at both central and
peripheral sites. Studies have shown that peripheral
somatostatin receptor activation on primary afferents
prevents peripheral sensitization, modulates TRPV1

Table 1a.5 Neurotransmitters in the dorsal horn mediating/modulating pain.

Neurotransmitter Receptor Effect on nociception

Nonpeptides

Monoamines
Norepinephrine a2 Inhibitory

5-HT 5-HT1, (5-HT2), (5-HT3) Inhibitory

Amino acids
Inhibitory

GABA GABAA, GABAB Inhibitory

Glycine Inhibitory

Excitatory

Glutamate NMDA, AMPA, kainate, mGluR Excitatory

Aspartate NMDA, AMPA, kainate, mGluR Excitatory

NO cGMP Excitatory

Acetylcholine Muscarinic Inhibitory

Peptides

Opioids
Enkephalins d (DOR), k (KOR), m (MOR) Inhibitory

b-Endorphins d (DOR), k (KOR), m (MOR) Inhibitory

Nociceptin Nociceptin/orphanin F/Q, NOP (OP4) Excitatory/inhibitory

Nonopioids
Substance P NK1 Excitatory

CGRP CGRP Excitatory

CCK CCKB Antagonista

Galanin GAL Inhibitory

Somatostatin sst Inhibitory

Neuropeptide Y Y1, (Y2) Inhibitory

Neurotensin NTS1 Inhibitory

Bradykinin B2 (B1) Excitatory

Other

Adenosine A1 Inhibitory

Purines P2X3 Excitatory

Cytokines Excitatory

Capsaicin TRPV1 Excitatory

Cannabinoids CB1, CB2 Inhibitory

aFunctional antagonist of opioid-induced analgesia.
Norepinephrine (noradrenaline). 5-HT, 5-hydroxytryptamine; AMPA, a-amino-3-hydroxy-5-methyl-4-isaxazole
propionic acid; CCK, cholecystokinin; cGMP, cyclic guanosine monophosphate; CGRP, calcitonin gene-related
peptide; DOR, delta opioid receptor; GABA, gamma-aminobutyric acid; KOR, kappa opioid receptor; mGluR,
metabotropic glutamate receptor; MOR, mu opioid receptor; NK, neurokinin; NMDA, N-methyl-D-aspartate; NO,
nitric oxide.
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receptor, provides phasic and tonic inhibitory control of
nociceptors, and contributes to counterirritation-induced
analgesia.33 One role of the endogenous opioids at a
spinal level is to hyperpolarize primary afferent neurons
and thus to attenuate neurotransmitter release in response
to a nociceptive stimulus. A number of other molecules
play a role in spinal modulation of nociception, e.g.
adenosine, a2-adrenergics, taurine, and endogenous can-
nabinoids (see Table 1a.5 and below under Modulation of
nociceptive messages). Neurotrophic factors, which sup-
port neuronal survival and growth during development of
the nervous system, have been shown to play significant
roles in the transmission of physiologic and pathologic
pain. Brain-derived neurotrophic factor (BDNF), syn-
thesized in the primary sensory neurons, is anterogradely
transported to the central terminals of the primary
afferents in the spinal dorsal horn, where it is involved in
the modulation of painful stimuli.34

Microglia, oligodendrocytes, and astrocytes form a
large group of CNS glial cells. These are not activated
under basal conditions and appear not to influence pain
sensitivity. However, microglia are activated by events
such as CNS injury, microbial invasion, and some pain
states, which leads to an increase in the production of
various inflammatory cytokines, chemokines, and other
potentially pain-producing substances (see Chapter 1b,
Mechanisms of inflammatory hyperalgesia).35

Mechanisms of referred pain

A clinical characteristic of the pain which accompanies
visceral injury is that it is often perceived by the sufferer
as arising from a distinct somatic structure. A classic
example is the pain that develops shortly after myocardial
ischemia which is most often perceived as diffuse along
the left arm. Such ‘‘referred pain’’ tends to be perceived as
arising from somatic structures sharing an embry-
ologically common spinal segmental origin with the
injured viscus. Although the physiological mechanism of
referred pain remains obscure, the weight of evidence
suggests that it is a spinally mediated phenomenon. There
are three major theories of referred pain: (1) the axon
convergence (or axon reflex) theory, (2) the projection
theories, (3) and a thalamic theory. None of these is
mutually exclusive (Figure 1a.5).19, 36

Referred pain from viscera is partly due to central
sensitization of viscerosomatic convergent neurons (trig-
gered by the massive afferent visceral barrage), but also
probably results from a reflex arc activation (the visceral
input triggers reflex muscle contraction in turn respon-
sible for sensitization of muscle nociceptors). However,
referred pain from deep somatic structures is not
explained by the mechanism of central sensitization of
convergent neurons in its original form, since there is
little convergence from deep tissues in the dorsal horn
neurons. It has been proposed that these connections, not

present from the beginning, are opened by nociceptive
input from skeletal muscle, and that referral to myotomes
outside the lesion results from the spread of central sen-
sitization to adjacent spinal segments.37

FROM THE SPINAL CORD TO THE BRAIN

Nociceptive input to the dorsal horn is relayed to higher
centers in the brain via several ascending pathways: the
spinothalamic tract, classically considered as the major
pain pathway; spinomedullary and spinobulbar projections
to regions of the medulla and brain stem that are impor-
tant for homeostatic control; and the spinohypothalamic
tract to the hypothalamus and ventral forebrain. Spinal
projections to other sites, such as the cerebellum or lateral
reticular nucleus, are more involved in sensorimotor
integration than direct nociceptive transmission.9 Evidence
suggests that there may be other pathways, i.e. a spino-
pontoamygdaloid pathway and an additional pathway for
visceral pain ascending in the posterior funiculus.38

Spinothalamic pathways

The spinothalamic tract (STT) originates from neurons in
laminae I and V–VII, and is composed of the axons of
nociceptive-specific and wide dynamic range neurons.
The majority (85 percent) of spinothalamic tract axons
cross and ascend contralaterally. Lamina I cells form the
lateral STT and project to the thalamus (particularly the
posterior part of the ventral medial nucleus (Vmpo)), and
then to the insular cortex, and mediate the autonomic
and unpleasant emotional perceptions of pain. Deeper
laminae neurons form the anterior STT and project to
the ventral posterolateral nucleus of the thalamus and
carry the discriminative aspect of pain (e.g. location,
intensity, duration).39 Some spinothalamic fibers also
project to the periaqueductal gray matter (creating a link
with descending pathways), reticular activating system,
and hypothalamus (probably contributing to the arousal
response to pain).

Spinobulbar pathways

Ascending spinobulbar pathways project to several sites
within the brain stem, that include the parabrachial nucleus,
periaqueductal gray (PAG), catecholamine cell groups
(A1–A7), and the brain stem reticular formation.9, 40 The
spinoparabrachial pathway originates largely from lamina I
neurons that express the NK1 receptor, and the parabrachial
area is a major site for nociceptive and homeostatic inte-
gration in the brain stem.40, 41 This pathway signals
the intensity of noxious stimuli, has large receptive fields,
and provides input to parts of the brain involved in
the emotional or affective components of pain.42 From
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the parabrachial area, neurons project to the hypothala-
mus and to amygdala components of the limbic system
(Figure 1a.1b).

Projections to catecholamine cell groups, such as the
locus coeruleus or A7, are involved in integration of cardi-
orespiratory and autonomic function, and link with des-
cending modulatory mechanisms.9 The PAG also receives
spinal input (predominantly lamina I cells, but also lamina
VII), is involved in homeostatic control, and is integrated
with descending modulatory pathways, particularly via
projections to the rostroventromedial medulla (RVM).9

IN THE BRAIN

By following the projection pathways originating in the
nociceptive areas of the spinal cord dorsal horn (laminae I
and V), it is possible to associate brain regions with
nociceptive function. By doing so, several nuclei in the
lateral thalamus (ventral posterior lateral nucleus, ventral
posterior medial nucleus, ventral posterior inferior
nucleus, posterior part of ventromedial nucleus) and in the
medial thalamus (centrolateral thalamus, ventrocaudal part
of medial dorsal nucleus, parafascicular nucleus) have been

(c)

Referred pain

Axon
convergence

Convergence
– projection

Convergence
– facilitation Thalamic

ViscusSkin ViscusSkin ViscusSkin ViscusSkin

(b)(a) (d)

Figure 1a.5 Various theoretical mechanisms of referred pain. (a) Axon convergence/reflex theory. Primary sensory neurons possess

bifurcating axons which innervate both somatic and visceral targets. The central nervous system (CNS) is unable to differentiate

between such inputs and misinterprets visceral nociceptive input as somatic in origin. While there is some experimental evidence to

support this hypothesis, it is not generally accepted as explaining referred pain. (b,c) Convergence theories. There are two variants of

this theory, projection (b) and facilitation (c). They both require the convergence of somatic and visceral afferent signals on single

dorsal horn neurons. In general, the greater proportion of afferent neurons is of somatic origin and, therefore, visceral afferent

information is perceived as somatic in origin. Indeed, there may be an inherent lack of capability of visceral pain perception in the

absence of a somatic input. (b) Convergence–projection theory. Visceral afferent neurons converge on the same spinal pain-projection

neurons as the nociceptive afferent neurons from the somatic structures in which the pain is perceived. The brain is unable to

discriminate between visceral and somatic inputs and mistakenly ‘‘projects’’ the sensation to the somatic structure. (c)

Convergence–facilitation theory. Sustained activity in visceral afferent fibers alters the excitability states of dorsal horn neurons with

convergent visceral and somatic afferent input. This creates an ‘‘irritable focus’’ which facilitates the onward progress of normally

subliminal traffic of somatic origin, so that other, segmentally appropriate, somatic inputs can now produce abnormal and, of course,

referred pain sensations. While both these theories (b) and (c) explain the segmental rule, the convergence–facilitation theory has the

advantage of explaining the phenomenon of referred hyperalgesia and the concept of central sensitization, which adds weight to its

credence. (d) Thalamic theory. Interactions at supraspinal levels (thalamus) lead to the phenomenon of referred pain. Although the

thalamic theory was regarded as improbable, the existence of distinct spinal ascending pathways for visceral nociceptors have lent

support for this hypothesis. However, referred hyperalgesia and the segmental nature of referred pain are hard to account for by the

thalamic theory alone. (Redrawn from McMahon SB. Are there fundamental differences in the peripheral mechanisms of visceral and

somatic pain. Behavioral and Brain Sciences. 1997; 20: 381–91, with permission from Cambridge University Press).19
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identified, which in turn project to the cortical areas. The
list of cortical areas that may subserve nociceptive func-
tions includes: primary somatosensory cortex (S1), sec-
ondary somatosensory cortex (S2), and its vicinity in the
parietal operculum, insula, anterior cingulate cortex, and
prefrontal cortex.38, 43, 44 Thus, multiple cortical areas are
activated by painful stimuli (Figure 1a.6).45

Pain is a multidimensional experience including sensor-
y–discriminative and affective–motivational components. A
recent major advance in the understanding of the central
mechanisms of pain processing has evolved from application
of brain imaging with positron emission tomography (PET)
and functional magnetic resonance imaging (fMRI). The
results from several groups working on experimentally
induced pain in healthy volunteers have shown decreased

global blood flow, as well as increased regional cerebral
blood flow in those areas of the brain subserving nociceptive
functions (see also Figure 1a.6).46, 47 One important new
aspect of correlating PET imaging with psychological
assessment is the possibility of attributing the processing of
specific pain dimensions to an anatomical substrate in the
brain’s pain circuitry: (1) the gating function reflected by the
pain threshold appeared to be related to the anterior cin-
gulate cortex, the frontal inferior cortex, and the thalamus;
(2) the coding of pain intensity to the periventricular
gray and the posterior cingulate cortex; (3) the encoding of
pain unpleasantness to the posterior sector of the anterior
cingulate cortex.48 Furthermore, investigators are now con-
sidering the impact of individual traits and of the context
of the pain experience (e.g. attention or distraction) on
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Figure 1a.6 (a) Afferent pathways and their

interconnectivity of cortical and subcortical

regions of the brain involved in pain perception.

(b) Coronal and sagittal slices of a magnetic

resonance image showing the areas

corresponding to those shown in (a). ACC,

anterior cingulate cortex; Amyg, amygdala; BG,

basal ganglia; HT, hypothalamus; M1, primary

motor cortex; PAG, periaqueductal gray; PB,

parabrachial nuclei; PCC, posterior cingulate

cortex; PPC, posterior parietal cortex; PF,

prefrontal cortex; S1 and S2, primary and

secondary somatosensory cortices; SMA,

supplementary motor cortex. This figure was

published in Apkarian AV, Bushnell MC, Treede

RD, Zubieta JK. Human brain mechanisms of pain

perception and regulation in health and disease.

European Journal of Pain. 2005; 9: 463–84,
Copyright Elsevier.45
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forebrain activity evoked by noxious stimuli.49, 50 Finally, it
has recently been suggested that cortical activity must be
highly dependent on reciprocal interactions with thalamic
relays as there are nearly ten times as many fibers projecting
back from S1 to the ventrobasal thalamus as there are in the
forward direction from thalamus to cortex. Thus, heigh-
tened activity in corticofugal S1 neurons may create a zone
of enhanced activity within the thalamocortical loop
that mediates discrimination between tactile and painful
sensations.48

MODULATION OF NOCICEPTIVE MESSAGES

It is a common observation that, under certain circum-
stances, pain perception is not necessarily a consequence of
tissue injury and nociception. To explain this finding, it is
necessary to hypothesize that the ‘‘pain pathway’’ has a

more complex role than the mere relaying of sensory
information from nociceptor to brain, but can also regulate
the passage of nociceptive activity information. There are a
number of sites where such modulation might take place,
but most is known about the major interface between the
peripheral and central nervous systems at the dorsal horn
of the spinal cord. The excitability of spinal cord neurons is
dependent on the balance of inputs from primary afferent
nociceptors, intrinsic spinal cord neurons, and descending
systems projecting from supraspinal sites.27, 51

Segmental (spinal) control

Spinal modulation of nociceptive activity involves the
endogenous opioid system, segmental inhibition, the bal-
ance of activity between nociceptive and other afferent
inputs, and a descending control operative mechanism
(Figure 1a.7).9, 51
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Figure 1a.7 A schematic diagram illustrating the release of neurotransmitters and neuropeptides from C-fibers and the subsequent

effects and interactions between different excitatory and inhibitory systems on a dorsal horn neuron. The primary afferent neuron

releases a variety of co-occurring neuropeptides and excitatory amino acids in response to noxious stimuli. These act at several

postsynaptic receptors. In addition, opioid peptides act upon both pre- and postsynaptic opioid receptors (presynaptic action being

predominant) to modulate transmitter release and the firing of second-order nociceptors. (Reprinted with permission from Elsevier (The
Lancet. 1999; 353, 1610–15)).51
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Opioid receptors in the spinal cord are a key site for
the production of analgesia. There are four classes of
opioid receptors: delta, d (DOR); kappa, k (KOR); mu, m
(MOR); and nociceptin/orphanin F/Q, NOP (also pre-
viously known as ORL1 or OP4). Numerous endogenous
opioid peptides are derived from one of the genes that
encode the large glycoprotein precursors of the physio-
logically active peptides.52 Members of each family are
located at sites associated with the processing or mod-
ulation of nociception, and, in particular, in laminae I and
II of the dorsal horn of the spinal cord. At this level, the
principal analgesic mechanism of opioids is by pre-
synaptic inhibition of injury-evoked neurotransmitter
release from the primary afferent nociceptive neurons
(over 70 percent of the total spinal m receptor sites are
located on the primary afferent terminals).53 Endogenous
opioids also appear to cause some direct postsynaptic
inhibition of dorsal horn nociresponsive neurons,
including identified projection cells. In summary, each of
the four major classes of opioid receptor may contribute
to the opioid-induced modulation of transmission of
nociceptive information in the dorsal horn.

Transmission of nociceptive input in the spinal cord
can be inhibited by segmental activity in the cord itself, as
well as descending neural activity from supraspinal cen-
ters (see below under Supraspinal/descending control).54

Inhibitory interneurons release GABA and glycine and
play an important role in segmental inhibition of pain in
the spinal cord. GABA is well situated to modulate the
afferent transmission of nociceptive information by pre-
synaptic and postsynaptic mechanisms. The concentra-
tion of GABA is the highest in the dorsal horn of the
spinal cord, where it is a major inhibitory transmitter.
Studies of acute nociception suggest that the afferent
transmission of nociceptive information in the spinal
cord is subject to modulation by endogenously released
GABA acting at either GABAA or GABAB receptors.
GABA and glycine colocalize in many neurons in the
dorsal horn, and in fact nearly every glycine-immuno-
reactive neuron in laminae I–III also contains GABA. The
mechanism by which glycine modulates afferent trans-
mission in the dorsal horn is one of postsynaptic inhi-
bition; glycine receptors are predominantly postsynaptic
in the dorsal horn.

Our understanding of the activity of cannabis started
with the isolation and synthesis of D9-tetrahydrocannabinol,
its main psychoactive constituent. Two subtypes of the
cannabinoid receptor, CB1 and CB2, have been identified
and cloned.30 Synthetic cannabinoids have been described
and an endocannabinoid system identified (anandamide
and 2-arachidonyl glycerol).55, 56, 57 The potential anti-
nociceptive action of cannabinoids is now well demon-
strated in animal studies and in some clinical trials. More
studies are necessary to fully appreciate the analgesic
potential of cannabinoids in humans.58 The mechanisms of
action for cannabinoid antinociception include both spinal
and supraspinal actions,59 as well as a more recently

recognized peripheral mechanism. Cannabinoid CB1
receptors have been identified in the spinal cord and on
primary afferent neurons, where they are ideally located to
modulate dorsal horn neuron activity. Evidence suggests
that cannabinoids and endocannabinoids may act on spinal
interneurons to modulate the release of neurotransmitters
and thus pain transmission. Finally, cannabinoid CB2
receptors have been found in the immune system and par-
ticipate in the anti-inflammatory and antinociceptive effects
of cannabinoids.60

Other modulators in nociception – one gas (nitric
oxide) and two peptides (cholecystokinin and galanin) –
have also been studied extensively. Nitric oxide has been
recognized to have a prominent role in the nervous sys-
tem, both as an intracellular second messenger and as a
presynaptically formed neurotransmitter.61 NO takes part
in many aspects of pain perception process (inflamma-
tion, neuronal transmission). Hence, NO has been shown
to have a pronociceptive or antinociceptive role in pain
perception.62, 63 NO plays a facilitating role in the neu-
ronal process of pain transmission especially in the spinal
cord. This had been confirmed by the fact that NOS
inhibitors could reduce pain behavior in different pain
models.64 However, the NO/cGMP pathway is involved in
the mechanisms of action of some analgesic drugs and
donors of NO (nitroglycerine, L-arginine) have been
shown to have antinociceptive properties, especially in the
periphery.
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Figure 1a.8 The dorsal horn is not merely a pathway for

transmission of nociceptive information, but also the site of

considerable signal modulation. In 1965, in attempting to

explain the clinical observation that tissue damage and the

activation of peripheral nociceptors does not necessarily result

in the perception of pain, Melzack and Wall70 formulated the

gate control theory of pain. They proposed that, within the

spinal cord, a physiological ‘‘gate’’ existed and, depending on

the degree of opening of this gate, nociceptive information was

permitted or prevented from ascending to the brain.
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Figure 1a.9 (a) Overview of the multiplicity of mechanisms involved in the modulation of the activity of pathways mediating

descending inhibition (DI) as compared to descending facilitation (DF). Certain act directly and others indirectly via intervening

neurones. For mechanisms modulating DI, in many cases, actions at ‘‘OFF’’ cells in the rostroventromedial medulla and at serotonergic

and noradrenergic neurones are involved, but additional mechanisms are certainly implicated. For mechanisms modulating DF, actions at

‘‘ON’’ cells in the rostroventromedial medulla and at descending pathways releasing transmitters are likely implicated but they remain

poorly defined. At the level of the dorsal horn, note that pathways mediating DI and DF exert opposite patterns of influence upon

primary afferent fiber (PAF) terminals, projection neurones (PNs), excitatory interneurones (EXINs) and inhibitory interneurones (ININs).

ACh, acetylcholine; b-EP, b-endorphin; CB, cannabinoid; CCK, cholecystokinin; DRG, dorsal root ganglion; DYN, dynorphin; EM,

endomorphin; ENK, enkephalin; GABA, gamma-hydroxy-butyric acid; GLU, glutamate; Hist, histamine; musc, muscarinic; NA,

noradrenaline; NE, norepinephrine; nic, nicotinic; NMDA, N-methyl-D-aspartate; NO, nitric oxide; NPVF, neuropeptide VF; NT,

neurotensin; OFQ, orphanin FQ (nociceptin); SP, substance P. (This figure was published in Millan MJ. Descending control of pain.

Progress in Neurobiology. 2002; 66: 355–474, Copyright Elsevier).72 (b) Descending control system showing postulated sites of action of

opioids on pain transmission. Each of these locations contains neurons that are potentially capable of modulating the firing of

nociceptive projection neurons. 5-HT, 5-hydroxytryptamine.
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Cholecystokinin (CCK) belongs to the gastrin family
of peptides and is widely distributed in the nervous sys-
tem, where it has been shown to be a neurotransmitter
mediating many important functions. CCK appears to
have an important but complex involvement in noci-
ceptive transmission and modulation. The most well-
defined and apparently physiological role for CCK is that
it is a functional antagonist of opioid-induced analgesia.65

The sites of interaction between CCK and opioids are
clearly multiple, but the spinal cord is an important site.
It has been suggested that CCK does not alter baseline
pain threshold but reduces the binding affinity of MOR
(m opioid receptor) ligands and also counteracts intra-
cellular events subsequent to opioid receptor activation.
Thus, CCK antagonists are a potential interesting target to
enhance opioid analgesia.66

Galanin is a neuropeptide widely distributed in the
nervous system and occurs in a small population of pri-
mary sensory neurons and also in spinal interneurons.67

Overwhelming evidence supporting an antinociceptive
role for galanin has been obtained from electro-
physiological studies in which galanin hyperpolarizes the
majority of dorsal horn neurons. Under normal condi-
tions, galanin is released upon C-fiber stimulation and
plays an inhibitory role in mediating spinal cord excit-
ability. Studies on the interaction between galanin and
morphine support an antinociceptive role for galanin: it is
suggested that the spinal effect of morphine is mediated
in part by the inhibitory action of galanin.68

Proteinases, such as thrombin, trypsin, and tryptase,
released during trauma and inflammation, exert many of
their effects by activating proteinase-activated receptors
(PAR). Proteinase-activated receptor-2 (PAR2) is expres-
sed by primary spinal afferent neurons, and PAR2 ago-
nists (such as trypsin or tryptase) stimulate release of
substance P and CGRP in peripheral tissues. Recent evi-
dence has shown that agonists of PAR2 signal to primary
afferent neurons to cause marked and sustained hyper-
algesia.69 These agonists induce sensitization of dorsal
horn neurons and the release of prostaglandins. There-
fore, it is suggested that proteinases, acting in part
through PAR2, have a role to play in pain transmission.

Purines, such as adenosine and ATP, are endogenous
ligands involved in modulating pain transmission by
acting on P1 and P2 purinoceptors, respectively, at sites
both in peripheral tissues and in the CNS. The most well-
known of the P2 receptors is the P2X3 subtype, which is
found in primary sensory neurons (only in non-
peptidergic neurons). Multiple subtypes of purinoceptors
are potential molecular targets for the treatment of pain.15

In summary, segmental modulation of nociception has
been studied extensively and many neurotransmitters and
receptors (Table 1a.5) located in the dorsal horn of the
spinal cord have been identified, but the role of some of
these substances remains obscure, whereas the involve-
ment of others in pain processes has been relatively
established. This is further complicated by the fact that

some of the peptides implicated are localized not only in
primary afferent neuron terminals, but also in intrinsic
neurons and descending fibers. Finally, additional com-
plexity is provided by the coexistence of several peptides
and classic neurotransmitters in the same neuron.

Supraspinal/descending control

The activity of neurons in the spinal cord that receive
input from nociceptive fibers may be modified by inputs
from other nonnociceptive afferent neurons.11 This con-
cept led to the introduction by Melzack and Wall in 1965
of the gate control theory (Figure 1a.8).70 According to
this model, activity in Ab afferents inhibits dorsal horn
neurons from responding to Ad- and C-fiber inputs.
Thus, pain may be relieved by stimulation of the myeli-
nated afferent fibers. The use of transcutaneous electrical
nerve stimulation to relieve pain in clinical practice is
based in part on this theory (see Chapter 14, Transcuta-
neous electrical nerve stimulation (TENS) and acu-
puncture for acute pain, for further details).

A network of descending pathways projecting from
cerebral structures to the dorsal horn plays a complex and
crucial role. Early studies established that descending
influences were tonically active and principally inhibitory
in function.71 However, we now know that specific cen-
trifugal pathways either suppress (descending inhibition)
or potentiate (descending facilitation) passage of noci-
ceptive messages to the brain (Figure 1a.9).72 Accumu-
lating evidence suggests that descending facilitatory
influences may contribute to the development and
maintenance of chronic pain states.71, 73
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KEY LEARNING POINTS

� Hyperalgesia is defined as an increased sensitivity to

noxious stimuli. Allodynia refers to pain evoked by

previously non-noxious or subthreshold stimuli.
� Primary hyperalgesia is increased sensitivity within the

area of injury and is produced by changes in peripheral

nociceptor function.
� Secondary hyperalgesia occurs in undamaged skin

around an injury site and is due to centrally mediated

changes in sensitivity.
� Enhanced sensitivity in dorsal horn nociceptive

processing is described by the general term central

sensitization.
� Changes in the electrophysiological properties of dorsal

horn neurons may contribute to central sensitization.

Wind up is evoked by low frequency stimuli and

manifest as an enhanced postsynaptic response during a

train of stimuli. Long-term potentiation (LTP) is usually

generated by higher frequency stimuli and outlasts the

conditioning stimulus.
� Intracellular signaling cascades contribute to

sensitization by (1) posttranslational modification of

channels and receptors and (2) more long-term changes

in gene expression and transcription of new protein.
� Descending pathways from the brain stem can have

facilitatory or inhibitory effects on nociceptive

transmission in the dorsal horn.
� Interactions between nociceptive pathways and the

immune system occur in association with the

inflammatory response and sensitization of peripheral

nociceptors, and the central activation of glial cells

(microglia and astrocytes) in the dorsal horn can also

modify nociceptive sensitivity.

INTRODUCTION

Nociceptive pathways convert external stimuli into sen-
sory signals and can provide a warning of potential tissue
damage. If an acute stimulus is severe or associated with
tissue injury and inflammation, sensitivity to sensory
stimuli is increased, and this may act as a protective
function that promotes rest and healing of the injured
part.1 In many chronic or persistent pain states, the
relationship between the intensity of the peripheral sti-
mulus and the evoked response is significantly altered due

to the plasticity of the nervous system and to intercurrent
environmental and psychological factors.

DEFINITION OF HYPERALGESIA AND
ALLODYNIA

Hyperalgesia is defined as a leftward shift of the stimulus
response function that relates the magnitude of pain to
stimulus intensity (see Figure 1b.1).1 Electrophysiological
features include a decrease in threshold (response evoked



by less intense stimulus), an increased response to
suprathreshold stimuli, and the onset of spontaneous
activity. The behavioral correlates include increased pain
sensitivity and pain evoked by previously nonnoxious
stimuli (i.e. allodynia). Although allodynia specifically
describes a painful response to a previously nonnoxious
stimulus (i.e. a reduction in threshold), it has been sug-
gested that hyperalgesia be used as an umbrella term for
all phenomena of increased pain sensitivity.2 Therefore, in
the following sections, hyperalgesia will be used to denote
an increased response to nociceptive stimuli and/or a
reduction in threshold.

Hyperalgesia that occurs within the area of injury is
referred to as primary hyperalgesia and is associated with
increased sensitivity to thermal and mechanical stimuli.1

Primary hyperalgesia is produced by changes in periph-
eral nociceptor function, which may also be described as
peripheral sensitization.

Secondary hyperalgesia occurs in undamaged skin
around an injury site and is characterized by a leftward
shift of the stimulus–response function for mechanical
stimuli.1, 3 Secondary mechanical hyperalgesia is mediated
by central changes in sensitivity and/or in the functional
connectivity of myelinated fibers.4

MECHANISMS OF PERIPHERAL SENSITIZATION

A-delta and C-fiber primary nociceptive afferents are
activated by a range of noxious mechanical, thermal, and
chemical stimuli. Nociceptive sensory neurons transduce
external stimuli into electrical action potentials that can
be transmitted to the spinal cord and signal the onset,

duration, intensity, and location of a stimulus.5 While
transducing ion channels primarily determine response
specificity, voltage-gated ion channels in nociceptors are
involved in determining the timing and extent of action
potential firing. Therefore, peripheral responses can be
sensitized by either (1) increasing the efficacy of trans-
ducing ion channels or (2) by modifying voltage-gated
channels to reduce firing thresholds and increase the
response to suprathreshold stimuli.6

Tissue injury initiates an inflammatory response that is
characterized by:

� redness and warmth due to vasodilation;
� edema due to increased vascular permeability and

recruitment of inflammatory cells;
� pain due to activation of sensory afferents.

Release of substance P (SP) and calcitonin gene-related
peptide (CGRP) from peripheral primary afferent term-
inals contributes to these changes, and is termed neuro-
genic edema. Inflammation induces a complex interaction
between damaged endothelial cells, white blood cells,
platelets, sympathetic efferents, and primary sensory
afferent neurons that contributes to peripheral sensitiza-
tion (more details can be found in recent reviews7, 8, 9).

Inflammatory mediators (including endothelin, pros-
taglandin E2 (PGE2), leukotrienes, cytokines, bradykinin,
serotonin, adrenaline) and neurotrophic factors (e.g.
nerve growth factor (NGF)) released during tissue damage
activate and/or sensitize the nociceptor terminal leading
to increased excitability.5, 6 Inflammatory mediators
initiate signaling cascades (see Box 1b.1), leading to acute
modulation of the protein structure (i.e. posttranslational
change) of transducing and voltage-gated ion channels,
which alter function and enhance responsiveness via the
action of protein kinases. The sensitizing actions of several
inflammatory mediators, including prostaglandins,
require protein kinase A (PKA) activation. Protein kinase
C (PKC) is activated by mediators such as BK, and the
PKC-e subtype is important for heat, NGF, adrenaline,
and carrageenan-mediated hypersensitivity.6 Extracellular
signal-regulated kinase (ERK) is involved in signaling
capsaicin, adrenaline, and P2X3 receptor-mediated
hypersensitivity.15, 16 Increased expression of the active
phosphorylated (pERK) form is found in peripheral fibers
and terminals in skin, as well as DRG neurons following
capsaicin injection, and thermal hyperalgesia is attenuated
by ERK inhibitors (Figure 1b.2).16

Changes in gene expression and protein synthesis (i.e.
translational changes) contribute to more persistent
alterations in sensitivity7, 14 and may include:

� increased peptide expression (e.g. CGRP, SP);
� increased receptor expression (e.g. increased TRPV1

and BK receptors);
� phenotypic changes in sensory neurons (e.g.

subpopulation of A fibers now release SP).17
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Figure 1b.1 Relationship between pain and stimulus intensity.

Tissue injury produces a leftward shift in the stimulus–response

function and is associated with an increase in response to both

suprathreshold (i.e. hyperalgesia) and previously subthreshold

stimuli (i.e. allodynia).
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Chemical mediators

ARACHIDONIC ACID METABOLITES

Tissue damage releases arachidonic acid, which is meta-
bolized to a number of active compounds including
prostaglandins via cyclooxygenase (COX) enzymes and
leukotrienes via lipoxygenases. In general, COX-1 is
constitutively expressed and COX-2 expression is induced
in cells following inflammation; however COX-2 is also

constitutively expressed in the central nervous system
(CNS).9

Prostaglandin E2 (PGE2) is the principal pro-
inflammatory prostanoid and effects are mediated by four
G-protein coupled EP receptors (EP1–4). Levels of EP4
receptor, but not other forms, increase in the DRG fol-
lowing peripheral inflammation and therefore may
represent a specific target for inflammatory pain.18 PGE2
sensitizes nociceptors to noxious thermal and chemical
stimuli.8, 9 This is mediated in part by phosphorylation of

Box 1b.1 Intracellular signaling

Neuronal responses to neurotransmitters are determined by the type and density of receptor expression. The
resultant activation of ion channels, enzymes, and intracellular signaling pathways not only mediate the effects of
the transmitter but can also alter the stimulus–response characteristics of the cell. Postsynaptic receptor systems
include:10

� ligand-gated ion channels (e.g. AMPA). Binding of transmitter to the receptor results in rapid activation and
deactivation of ion channels (within 10 msec) and provides a rapid response system;

� receptor tyrosine kinases (e.g. trkB). These receptors typically respond to growth and trophic factors (e.g. nerve
growth factor (NGF); brain-derived neurotrophic factor (BDNF)) and produce changes in growth, differentiation,
and survival of neurons. In addition, these receptors and factors have important modulatory effects and may
produce sensitizing effects of peripheral and/or central components of nociceptive pathways;

� G-protein-linked receptors (e.g. mGluR). Activation of these receptors generates a second messenger in the cell
which then activates a number of enzymes, including protein kinases, that modify cellular processes. As several
steps are required, the response is relatively slow (100–300 msec to many minutes), but the diversity of signaling
pathways allows for significant plasticity in the response.

G-proteins coupled receptor (GPCR) activation changes the activity of effector enzymes, which can directly
modulate ion channels, but also regulate the activity of protein kinases that phosphorylate intracellular proteins, ion
channels, enzymes, and transcription factors.11, 12 Neural activity and pathophysiological states can influence the
function of GPCR by altering the degree of trafficking and insertion of the receptor at the membrane surface.13

Signaling pathways include:

� Gs stimulates and Gi or Go inhibit adenylate cyclases which synthesize cyclic AMP (cAMP). Cyclic AMP activates
protein kinase A (PKA);

� phospholipase C (PLC) generates diacyglycerol (DAG) and also inositol triphosphate (IP3) which releases
intracellular stores of calcium. Calcium not only acts as a carrier of electrical current, but also as a second
messenger by activating kinases such as protein kinase C (PKC) and calcium-calmodulin-dependent kinase
(CaMK).

The degree of protein phosphorylation and dephosphorylation is controlled by the action of kinases and
phosphatases, respectively. Protein kinases catalyze phosphorylation of proteins, leading to changes in a protein’s
charge and conformation that can rapidly modify the function of enzymes (i.e. posttranslational modification),
receptors and ion channels without requiring any change in the level of protein expression.12 In addition,
intracellular pathways involving phosphorylation can regulate gene expression by interaction with transcription
factors. For example, the activated form of extracellular signal-regulated kinase (phosphorylated ERK) translocates
to the nucleus, interacts with a transcription factor (cyclic AMP response element binding protein (CREB)), and
activates immediate–early genes (e.g. c-fos, c-jun). As a result, the expression of mRNA and proteins are increased
(i.e. transcriptional modification) and long-term alterations in cellular function may be produced.5, 11, 14 As genes,
such as c-fos, are strongly and rapidly induced by noxious stimuli, it can be used as a marker of activated
nociceptive pathways.
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TRP channels and voltage-gated sodium channels, leading
to a reduction in threshold and increased excitability,
respectively.18 PGE2 also has central excitatory actions on
nociceptive transmission, which include increased trans-
mitter release, direct depolarization via a cation channel,
and reduction in glycine-mediated inhibition.9

BRADYKININ

Bradykinin and kallidin are kinins that act via the con-
stitutively expressed G-protein coupled B2 receptor;
whereas cleavage of these peptides produces smaller
compounds that act through the inducible B1 receptor.
Bradykinin acts via multiple intracellular signaling path-
ways and alters nociceptor excitability by:19

� decreasing the threshold of transducing ion channels;
� altering the threshold and kinetics of voltage-gated

sodium channels;
� reducing activity in voltage-gated potassium

channels.

In addition, when nociceptors are sensitized by BK,
TRPV1 receptors are activated by much lower tempera-
tures, and sensitivity to noxious cold is also enhanced due
to activation of TRPA1.19

CYTOKINES

Cytokines are small, secreted proteins (e.g. interleukins
IL-1 and IL-6; tumor necrosis factor-alpha (TNFa); leu-
kemia inhibitory factor (LIF)) which bind to specific

receptors expressed by nociceptor terminals and alter
sensitivity. Immune cells involved in the peripheral
inflammatory response release a range of cytokines, che-
mokines, and mediators that include the following:7

� mast cells release NGF, TNFa, histamine, chemokines;
� activated macrophages release TNFa, IL-1b, NGF,

nitric oxide, prostanoids;
� neutrophils release lipoxygenase products, nitric

oxide, cytokines, chemokines.

Sodium channels

Voltage-gated sodium channels transmit action potentials,
but different forms can also modulate the sensitivity of
primary afferent terminals. These channels can be broadly
divided into tetrodotoxin-sensitive (TTX-S) channels
with fast kinetics and tetrodotoxin-resistant (TTX-R)
channels with slow kinetics. TTX-R sodium channels
regulate nociceptor excitability by altering action poten-
tial generation, repetitive firing, and resting membrane
potential.6 As the kinetics of these channels allow pro-
longed membrane depolarizations, they can mediate the
repetitive discharge associated with hyperalgesia.20

Nine subtypes of voltage-gated sodium channel have
been identified (Nav1.1–Nav1.9), which vary in their dis-
tribution, electrophysiologic properties (threshold and
kinetics of channel opening and inactivation), and the
response to injury.21, 22 The subtypes Nav1.8 and Nav1.9
are selectively expressed in nociceptors, and in about half
of unmyelinated C-fibers. Nav1.8 is also expressed in a
small subset of myelinated A fibers.6, 22, 23 Recently, a
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Figure 1b.2 Inflammatory mediators, receptors

and intracellular messengers associated with

sensitization of peripheral nociceptors. Modified
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mutation in the gene encoding a subunit of the Nav1.7
channel was identified in a family with congenital
insensitivity to pain,24 suggesting this subtype is impor-
tant for pain sensation.

Posttranslational modifications enhance the excit-
ability of TTX-R channels and contribute to peripheral
nociceptor sensitization. Inflammatory mediators (e.g.
PGE2, adenosine, serotonin, NGF, and adenosine) activate
intracellular second messengers (e.g. PKA, PKC, and
ERK), leading to phosphorylation of the channel and an
increase in Nav1.8-mediated currents.21 NGF not only
acutely enhances TTX-R currents, but also produces a
longer-term effect via upregulation of Nav1.8 in small
DRG cells.23 Similarly, inflammatory mediators such as
PGE2 increase phosphorylation and activity of Nav1.9,
and expression of the channel is increased by GDNF.21, 23

Neurotrophic factors

Neurotrophins are a family of related proteins that interact
with the low-affinity p75 receptor and with specific high-
affinity tyrosine kinase (trk) receptors. Nerve growth factor
(NGF) is the preferred ligand for trkA, brain-derived
neurotrophic factor (BDNF) and neurotrophin-4/5 (NT-4/
5) for trkB, and neurotrophin-3 (NT-3) has the highest
affinity for trkC.8 As their name suggests, neurotrophins
have an important role in the growth and survival of
different subsets of sensory neurons, but also have an
ongoing role in nociception.25 Levels of NGF are increased
in inflammatory states and injection of NGF induces
hyperalgesia in both clinical and laboratory stud-
ies.25, 26, 27 NGF alters the expression of a number of
mediators involved in peripheral sensitization, including:25

� increased production of the proteins sP and CGRP;
� increased receptor expression (TRPV1, P2X3, ASIC3,

B2);
� altered voltage-gated ion channel expression (Ca, K,

Na) which impacts on the excitability of the neuron.

NGF also has indirect effects on inflammatory hyper-
algesia by increasing cytokine expression in mast cells and
producing mast cell degranulation.8

BDNF mRNA and protein is upregulated in an NGF-
dependent manner following inflammation.25 BDNF is
released from the central terminals of nociceptors and
enhances nociceptive transmission by multiple mechan-
isms, including modulation of NMDA receptor activity
and activation of ERK.28, 29

Peripheral opioid receptors

In addition to the excitatory hyperalgesia produced by
inflammation, peripheral inhibitory mechanisms may
produce a partial compensatory effect. In the presence of

inflammation, opioid receptors are expressed in the
periphery30 and peripherally administered morphine
reduces inflammatory hyperalgesia in behavioral mod-
els.31 Although morphine has no effect on the electro-
physiological properties of nerves from normal skin,
morphine produced dose-dependent reductions in
thermal and mechanical hyperalgesia in inflamed skin.32

MECHANISMS OF CENTRAL SENSITIZATION

Intense peripheral noxious stimuli, tissue damage, or
nerve injury, produce centrally mediated increases in
sensitivity (i.e. central sensitization). Behaviorally, central
sensitization manifests as a heightened sensitivity to
sensory input, spread of sensitivity to uninjured sites (i.e.
secondary hyperalgesia), and generation of pain by low
threshold stimuli (i.e. allodynia).33

Electrophysiological correlates of dorsal horn
plasticity

WIND UP

Wind up is a form of activity-dependent plasticity iden-
tified in wide dynamic range (WDR) neurons in the deep
dorsal horn.34, 35, 36 Wind up is an electrophysiological
phenomenon and has the following features:

� it is produced by a slow train of repeated low-
frequency C-fiber stimuli of the same intensity (e.g.
up to 16 stimuli at 1–2Hz);33

� there is a progressive increase in the
electrophysiological response in the postsynaptic
dorsal horn neuron;5, 37

� it may be viewed as a normal feature of the coding
properties of WDR neurons;38

� activation of the NMDA receptor is a prerequisite;39

� it is not produced by A-fiber stimulation;
� it is manifest only during a train of repetitive inputs

and rarely outlasts the stimulus period;35

� in human studies, repeated noxious heat stimuli
produce successive increases in reported pain.40

LONG-TERM POTENTIATION

Long-term potentiation (LTP) is an experimental phe-
nomenon that demonstrates the capability for more long-
lasting activity-dependent modification of individual
synapses.41 LTP was first demonstrated in the hippo-
campus42 and is thought to be important in modifica-
tions of brain function by previous experience, such as
learning and memory.41 Parallels have been drawn
between the mechanisms underlying LTP in the hippo-
campus and the synaptic plasticity in the dorsal horn that
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results in hyperalgesia.37, 43 Features of LTP include the
following:

� it is produced by a brief high frequency input;
� electrical stimulation of fine primary afferents

(100–400 pulses at 2–100Hz) induces LTP at
A-delta and C-fiber synapses in the superficial dorsal
horn;43, 44

� it occurs particularly at synapses of lamina I neurons
that express the NK1 receptor;45

� LTP manifests as a potentiated response to
subsequent inputs for a prolonged period (i.e. long
outlasts the conditioning stimulus);36, 43

� descending pathways may inhibit the development of
LTP in the dorsal horn as noxious stimuli such as
heat, pinch and formalin do not produce LTP in
intact animals, but the same stimulus is effective
following spinalization.38

Although such high-frequency stimuli may not have a
clear physiological correlate, LTP has also been induced by
relatively low-frequency afferent input associated with
peripheral inflammation in animal models.46 In addition,
electrical stimulus conditioning protocols that reliably
elicit LTP in intact animals produce long-term increases
in pain perception in human studies. Responses to stimuli
at the site of the conditioning stimulus (i.e. homosynaptic
perceptual LTP) and also to punctate mechanical and
light tactile stimuli in the surrounding area (i.e. secondary
mechanical hyperalgesia or heterosynaptic perceptual
LTP) were increased for several hours following brief
conditioning stimuli.47, 48

Central sensitization

Fast excitatory synaptic transmission is mediated by
glutamate acting on AMPA and kainate ligand-gated ion
channels to generate excitatory postsynaptic potentials
(EPSPs) that signal the onset, duration, intensity, and
location of a noxious stimulus.5 In the presence of
ongoing or persistent activity, cumulative depolarization
leads to removal of the magnesium block from the
NMDA receptor and calcium influx through the open
channel.5 Alterations in the stimulus-response profile of
dorsal horn neurons ensue, with a generalized increased
responsiveness termed central sensitization. Wind up,
LTP and secondary hyperalgesia may all contribute to
central sensitization and may share some of the same
cellular mechanisms, but are different and independent
phenomena.33, 36

Centrally mediated alterations in nociceptive proces-
sing were initially demonstrated in laboratory experi-
ments, and the following changes were noted:

� reduction in threshold and increased sensitivity of
spinal cord neurons;49, 50, 51

� increased excitability of the withdrawal reflex without
prolonged changes in primary afferent or
motoneuron activity;52

� expansion of the receptive field of dorsal horn
neurons;53

� increased response to both C- and A-fiber inputs
following injury;

� duration of increased excitability greatly outlasts the
initiating stimulus by minutes to hours, days, or
weeks.54, 55, 56

Dorsal horn plasticity is initiated by an increase in
intracellular calcium, which triggers a range of intracel-
lular messengers that mediate or modulate the intracel-
lular response (see Figure 1b.3).37, 41 Ongoing nociceptive
input activates ligand-gated ion channels (AMPA,
NMDA, and/or kainate) and G-protein coupled meta-
botropic receptors (NK1, mGluR, trkB, and Eph) in
dorsal horn neurons.37 Intracellular calcium is increased
via direct influx through the NMDA channel, activation
of voltage-gated calcium channels (VGCCs), and release
of calcium from intracellular stores via G-protein coupled
receptors (e.g. mGluR).33, 43, 59 Subsequent kinase
activation and posttranslational changes in receptors
contribute to persistent increases in response. Phosphor-
ylation of ionotropic glutamate receptors alters channel
kinetics and further increases calcium influx.37

NK1 mGluR AMPA NMDA trkB

sP Glutamate BDNF

Ca++

IC Ca++

PLC

CaMKII

PKC PKA

ERK

CREB pCREB Gene
transcription

Primary
afferent

Dorsal
horn

neuron

Nucleus

Calcium-CaM

AC1/AC8

Figure 1b.3 Intracellular events associated with sensitization

of dorsal horn neurons. Modified from Ji et al.,11 Ji et al.,37

Kawasaki et al.,57 Wei et al.58 AC1/AC8, adenylyl cyclase 1 and

8; BDNF, brain derived neurotrophic factor; CaMKII, calcium

calmodulin kinase II; CREB, cAMP responsive element binding

protein; ERK, extracellular-signal regulated kinase; IC Ca,

intracellular calcium; mGluR, metabotropic glutamate receptor;

NK1, neurokinin1; PKA, protein kinase A; PKC, protein kinase C;

PLC, phospholipase C; sP, substance P.
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Phosphorylation of NMDA NR1 subunits occurs within
30 minutes of capsaicin injection60 and rapid and pro-
longed increases in phosphorylation of the NR2B subunit
occur in association with CFA inflammation,61 leading to
increases in the postsynaptic response. The tyrosine
kinase Src is activated by trkB and EphB receptors, and
also enhances NMDA currents.62

Protein kinases and sensitization

Protein kinases are involved in changes associated with
peripheral and central sensitization (see Box 1b.1). As
inhibitors of kinase activation reduce hyperalgesia,57, 63

these enzymes may represent potential therapeutic targets.

PKA AND PKC

Protein kinase A (PKA; also referred to as cAMP-depen-
dent protein kinases) is involved in both peripheral and
central sensitization. PKA is required for the second phase
of the formalin response and capsaicin-induced
mechanical allodynia.11 The protein kinase C (PKC)
family has been divided into three groups of isozymes
based on their sequence homology and activation by
calcium and/or 1,2-diacylglycerol (DAG). The subtypes
most involved in nociceptive processing are PKCe (Ca21-
independent, DAG-dependent) and PKCg (Ca21-depen-
dent, DAG-dependent). PKCe is present in primary
afferents that terminate in the superficial dorsal horn, and
PKCg is located in lamina IIi of the dorsal horn.11 Nox-
ious stimuli activate PKC in the dorsal horn, and PKC
acts via Src to phosphorylate the NMDA receptor.11

Activity-dependent trafficking of AMPA receptors to the
synapse is important for hippocampal LTP41 and may also
contribute to conversion of ‘‘silent’’ to active synapses in
the dorsal horn.64 PKC may be the trigger for increased
expression and insertion of AMPA receptors into the
postsynaptic membrane of DH neurons.64

Capsaicin induces PKA and PKC activation in the
spinal cord.57 Inflammatory mediators such as PGE2,
serotonin, adrenaline, and NGF also activate PKA or
PKC.65 Both PKA and PKC mediate CGRP-induced sen-
sitization of dorsal horn neurons.66

CaMKII

Calcium/calmodulin-dependent protein kinase (CaMKII)
is involved in activity-induced synaptic changes through-
out the CNS.41 CaMKII is expressed in small diameter
DRG neurons, and in lamina I and II neurons in the dorsal
horn.67 Activation of CaMKII enhances AMPA and NMDA
inward currents,43 but the role of CaMKII in pain pro-
cessing and central sensitization may vary depending on
the intensity of the stimulus and the type of injury. Cap-
saicin injection has been shown to increase expression and

phosphorylation of CaMKII in DH neurons, and enhance
phosphorylation of AMPA GluR1 subunits.68 Experiments
in mice with a mutation that prevents autopho-
sphorylation of the enzyme suggest that activated CaMKII
is not required for stimulus-evoked threshold changes after
injury (i.e. no difference is seen between mutant and wild-
type mice in mechanical and thermal thresholds after
CFA), but it is necessary for the persistence of spontaneous
pain behavior in the setting of tissue injury (e.g. reduction
in second-phase formalin injection).67

MAPK AND ERK

Mitogen-activated protein kinases (MAPK) are a family
of protein kinases that transduce extracellular stimuli
into intracellular posttranslational and transcriptional
responses, and are widely expressed in the CNS.65

Extracellular signal-regulated kinases (ERK) and p38
MAPK are members of the MAPK family.

Noxious stimuli induce intensity-dependent phos-
phorylation and activation of ERK in DRG neurons, and
this may contribute to peripheral sensitization.16

Inflammation also induces p38 MAPK in DRG neurons,
which operates through a separate intracellular cascade
and functions as a mediator of cellular stresses.65 Whereas
ERK is primarily activated by neural activity, p38 MAPK
is mainly activated by cytokines and is required for NGF-
induced increases in TRPV1 expression in the periphery.69

Activation of ERK is activity-dependent and nociceptive
specific in dorsal horn neurons. Increases in activated
phospho-ERK (pERK) positive neurons in lamina I and IIo
of the dorsal horn are seen within minutes of C-fiber
electrical stimuli,70 capsaicin injection,57 and formalin
injection.65 ERK is also activated by peripheral inflam-
mation induced by CFA and carrageenan.71 Multiple pri-
mary afferent transmitters (NMDA, sP, and BDNF) and
receptors (ionotropic NMDA and AMPA/kainate recep-
tors, mGluR1, NK-1 receptor, trk receptors) contribute to
activation of ERK by capsaicin or electrical stimulation.57

PKA and PKC activators have an additive effect on the
induction of pERK and are likely to act via independent
parallel pathways. CaMK has been implicated in ERK
activation in the cortex, but an inhibitor of CaMK had no
effect on pERK activation by capsaicin or electrical
stimulation.57 The adenylyl cyclase subtypes 1 and 8
(AC1 and AC8) are also upstream activators of ERK (see
Figure 1b.3).58

ERK is also involved in longer-term transcriptional
changes. Activated ERK can translocate from the cyto-
plasm to the nucleus and activates Rsk2, which then
phosphorylates cAMP-response-element binding protein
(CREB). PhosphoCREB (pCREB) binds to CRE sites
in the promoter regions of DNA and initiates the trans-
cription of genes.11, 65 This results in increased expression
of immediate–early genes (e.g. c-fos, Cox-2) and later
response genes encoding neuropeptides and receptors
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(e.g. prodynorphin, NK1, trkB).11, 37 C-fiber stimulation
increases pCREB in superficial dorsal horn neurons,
where it is colocalized with pERK.57 It is suggested that
ERK and CaMK act via parallel pathways leading to CREB
phosphorylation, but that the ERK pathway is more
important for C-fiber-mediated phosphorylation of
CREB in dorsal horn neurons.57

DESCENDING MODULATION OF
HYPERALGESIA

Activity in spinobulbospinal pathways and brain stem
sites are important for modulation of pain processing in
the spinal cord. Bidirectional control via both descending
inhibitory and facilitatory pathways modulate nociceptive
transmission in the dorsal horn. The relative balance
between these two systems varies with stimulus modality,
stimulus intensity, and time, and is subject to consider-
able plasticity following injury.72, 73, 74, 75

The rostroventromedial medulla (RVM) is an impor-
tant site for integration of descending input to the
spinal cord. It is composed of a number of nuclei
including the nucleus raphe magnus (NRM), nucleus
reticularis gigantocellularis (NGC), nucleus reticularis
paragigantocellularis lateralis, and nucleus gigan-
tocellularis pars alpha.76, 77 Afferent input includes path-
ways from the periaqueductal gray (PAG), parabrachial
nucleus (PBN), and nucleus tractus solitarius (NTS).77

The RVM and adjacent areas also receive direct afferent
input from the superficial dorsal horn and in turn
send descending projections to the cord, thus forming
spinobulbospinal loops.

The RVM contains three classes of cells with differing
and distinct functions which provide the cellular
mechanisms for both inhibitory and facilitatory effects.72,
75, 78 RVM ON- and OFF-cells project to laminae I–II and
V in the spinal cord of the rat and are thus well placed to
modulate nociception.78 ON-cells are characterized by a
burst of activity immediately before nociceptive reflexes,
are inhibited by opioids, and contribute to descending
facilitation. OFF-cells exhibit an abrupt pause in ongoing
activity immediately before nociceptive reflexes, their
activity is indirectly increased by opioids, and they con-
tribute to descending inhibition. Neutral cells do not
change their activity with nociception, but may undergo
an NMDA-dependent phenotypic switch to ON- or OFF-
cell characteristics in the presence of inflammation.79 ON,
OFF, and neutral cells are intermixed and not anatomi-
cally separate and therefore manipulations at the same
site can produce opposing effects.72, 73 Low-intensity
electrical stimulation and low concentrations of glutamate
in the RVM have been shown to facilitate spinal beha-
vioral and dorsal horn neuron responses to noxious
stimulation;76, 80 whereas high-intensity electrical stimu-
lation and high concentrations of glutamate produce
inhibitory effects.74

The net effect of RVM activation also relates to acti-
vation of subsets of neurons with different connections
and different combinations of neurotransmitter recep-
tors.81 Projections of RVM ON and OFF-cells are diffusely
rather than topographically organized as collateral bran-
ches enter several segments of the spinal cord, and ter-
minate in laminae I, II, and V. Inhibitory pathways tend
to descend in the dorsolateral funiculus, while facilitatory
pathways are predominantly in the ventral and ven-
trolateral funiculi.74, 78 Descending facilitatory pathways
from the RVM have an important role in the development
of C-fiber-induced secondary hyperalgesia,72, 82, 83 but
descending facilitatory effects have also been recognized
following formalin injection and nerve injury.73, 84 De-
scending facilitation has been noted in early stages of
inflammation, but inhibitory effects gradually build up
and become the dominant effect.73 This inhibition limits
the expansion of receptive fields and inflammatory
hyperalgesia.75 Serotonergic and noradrenergic pathways
in the dorsolateral funiculus (DLF) contribute to de-
scending inhibitory effects77 and serotonergic pathways
have more recently been implicated in facilitatory
effects.85

INTERACTIONS WITH THE IMMUNE SYSTEM

Interactions between nociceptive mechanisms and the
immune system are possible at multiple sites in the peri-
pheral and CNS, and can have a major influence on
inflammatory hyperalgesia.7, 86, 87 As previously discussed,
recruitment of immune cells (e.g. macrophages, T lym-
phocytes, mast cells) into areas of injury are an important
component of the inflammatory response, and peripheral
nerve terminals express receptors for immune products
which contribute to peripheral sensitization. Within the
CNS, the main role of glia (astrocytes and microglia) was
thought to be maintenance of the extracellular environ-
ment (e.g. pH, levels of ions and transmitters, removal of
debris), but it is now clear that there are more dynamic
interactions with neurons.7, 88 In the DRG, satellite glial
cells ensheath and modulate the function of adjacent
neuronal cell bodies, and electrophysiological connections
between glia and neurons are enhanced following
inflammation.89

In the spinal cord, glia form dynamic networks and
can modify the function of nociceptive neurons in dorsal
horn. Although normally quiescent, glia can be activated
by:88

� sP, EAAs, fractalkine, and ATP released by A-delta or
C-fiber presynaptic terminals (fractalkine is a
presumed neuron-to-glia signal as it can be released
and diffuse away from neurons and microglia have
receptors for fractalkine);

� nitric oxide, prostaglandins, and fractalkine released
by second-order nociceptive neurons.
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Glial activation results in:88, 90, 91

� central release of proinflammatory cytokines (e.g.
IL-1, IL-6, TNF, NGF);

� indirect effects via release of PGE2 or nitric oxide;
� acute increases in neuronal excitability via multiple

intracellular pathways, but particularly p38 MAP
kinase;

� long-term changes in gene expression.

Dorsal horn activation of microglia has an important role
in the induction and maintenance of nerve injury-
induced allodynia.92, 93, 94 Activation of glia can also occur
in response to inflammation or infection, although the
mechanisms of glial involvement in inflammatory pain
are not as well established.90 Opioid receptors are
expressed on glia, and morphine can activate glia causing
release of nitric oxide and proinflammatory cytokines,
and it has been postulated that glial activation contributes
to morphine tolerance.91

CONCLUSIONS

Inflammation induces increased sensitivity within noci-
ceptive pathways, both in the peripheral and central
nervous system. Understanding the mechanisms of
inflammatory hyperalgesia is essential for further identi-
fication of effective and potentially novel analgesic targets.
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KEY LEARNING POINTS

� Behavioral, neurophysiological, and molecular

nociceptive processes undergo important changes

throughout early development that impact on the

response to noxious stimuli, injury, and analgesia.
� Due to the enhanced plasticity of the developing

nervous system, early pain and injury can produce

effects not seen in the adult, which may also be

associated with long-term changes in sensory function

and/or the response to future injury.

� Peripheral nociceptive responses mature early, but there

is a tendency to increased excitatory and reduced

inhibitory modulation in the spinal cord during early

development.
� Changes in receptor distribution, neurotransmitter

levels, and nociceptive pathways can have a significant

impact on the pharmacodynamic profile of analgesic

agents at different postnatal ages.

INTRODUCTION

Responses to noxious stimuli, and to different forms of
injury and analgesics, can differ significantly in early life.
Many aspects of nociceptive processing cannot be directly
correlated with those seen in the adult as behavioral,
neurophysiological, and molecular nociceptive processes
undergo important postnatal changes.1, 2, 3 Activity within
sensory pathways is required for normal development,
but abnormal or excessive activity related to pain and
injury during the neonatal period may produce structural
and functional changes not seen following the same injury
in adults. In addition, there may be associated long-term
changes in sensory processing and/or the response to
future injury.4, 5, 6 Effective, developmentally appropriate,
pain management strategies have not been developed for
all clinical situations,7 and advances in knowledge and
treatment depend on research which encompasses both
clinical trials and preclinical studies in infant animal

surrogate models.8 Providing a neurobiological basis for
treatment in early life,1 rather than empirically basing
treatment on data from older children and adults, is
necessary to further improve both acute and long-term
outcomes for children experiencing pain in early life.

NOCICEPTIVE PROCESSING

During the first weeks and months of life, there are sig-
nificant functional and structural changes in the devel-
oping nervous system that influence nociceptive
transmission. The expression of a number of molecules
and channels involved in nociception are developmentally
regulated, there are changes in the distribution and den-
sity of many important receptors, and the levels and
effects of several neurotransmitters alter significantly
during the postnatal period.1, 2, 9



The rat pup is born at a relatively immature stage and is
an established model for investigation of developmental
changes. Data collected from human tissue and rat pups
show a comparable pattern of progression throughout
development, and approximate age correlations can be
made across the two species.10 The development of per-
ipheral and spinal cord somatosensory function during the
first postnatal week in the rat pup corresponds to preterm
development from 24 weeks until full-term birth at 40
postconceptional weeks. Rat pups are weaned around the
21st postnatal day (P21) and by this age may be considered
developmentally comparable to human adolescents.10, 11

Rather than representing absolute correlations, these
timelines provide a framework for assessing progressive
changes in function throughout development.

Peripheral responses to noxious stimuli

The cell bodies of peripheral sensory neurons are located in
the dorsal root ganglia (DRG) and send axons both per-
ipherally to innervate target organs such as skin and centrally
to synapse within the spinal cord. In the periphery, large A-
fibers innervate the skin before C-fibers, but by birth in the
rat and the second trimester in man, sensory fibers are
distributed to all body regions.1, 12 Peripheral cutaneous
receptors respond to a range of mechanical, thermal, and
chemical stimuli from early development.13, 14 Many differ-
ent receptors mediate responses to peripheral stimuli, but the
developmental profile of relatively few have been investi-
gated. Both the TRPV1 receptor, which is activated by cap-
saicin, protons, and thermal stimuli (4431C), and the
TRPA1 receptor, which responds to pungent compounds
such as mustard oil, are functional from early develop-
ment.14, 15 TRPV1-positive nerve terminals are present in
cutaneous structures at P10, but at reduced density com-
pared with adults.16 In the DRG, the percentage of cells that
contain TRPV1 remains relatively constant (around 60 per-
cent) from P2 to P45, but the distribution on C-fiber sub-
populations changes: the percentage that are colocalized with
non-peptidergic IB4-positive fibers increases, while those
with peptidergic trkA-positive fibers decreases.16 This is
influenced by the normal postnatal increase in IB4-positive
DRG cells.17 Both TTX-sensitive and TTX-resistant Na
channels can be identified from birth in rat DRG, and their
kinetic properties do not change significantly throughout
development.18 The sensory neuron-specific tetrodotoxin-
resistant sodium channels Nav1.8 and Nav1.9 are expressed
on C-fibers at birth and reach adult levels by P7.19

Pain transmission in the spinal cord

AFFERENT INPUT

In the adult, C-fiber polymodal nociceptors project to the
superficial dorsal horn (lamina I and II), while larger mye-
linated A-beta fibers which subserve light touch and pres-
sure, project to deeper layers of the dorsal horn (lamina III

and IV). However, during development the functional and
anatomical relationships between C and A fibers change,
leading to age-related changes in the processing of sensory
inputs. A-beta fibers enter the cord earlier than C-fibers,
initially project throughout lamina I–V of the dorsal horn,
and then gradually withdraw to the adult pattern of dis-
tribution in lamina III–IV over the first three postnatal
weeks.12, 20, 21, 22 As C-fiber function matures, there is
a progressive reduction in A-fiber input and increase in
C-fiber input in the superficial dorsal horn.23, 24

A-fibers form synaptic contacts in the superficial
laminae in the neonate,25 and A-fiber stimulation pro-
duces sensitization in dorsal horn cells in the first post-
natal week.26, 27 Although the intrinsic excitability of
superficial dorsal horn neurons is stable throughout
development,28 these changes in synaptic input during the
period of overlap between A and C fiber projections
increase the degree of central activation produced by
peripheral stimuli.26, 29, 30

Functional contacts between C-fiber terminals and
dorsal horn neurons can be demonstrated in spinal cord
slice preparations as capsaicin: (1) evokes glutamate
release,31 (2) dose-dependently increases mini-excitatory
postsynaptic current (mEPSC) frequency from P0, and
(3) evokes action potentials from P1.32 However, these
immature synapses lack the ability to synchronously
release large amounts of transmitter, and in vivo, C-fiber
stimulation does not evoke postsynaptic responses in the
dorsal horn during the first postnatal week.26, 33 By P10,
C-fiber stimulation produces centrally mediated second-
ary hyperalgesia,34 and repetitive C fiber stimulation
produces wind up, which is seen in an increased pro-
portion of cells with further increases in age.26, 27, 30

EXCITATORY MODULATION

The balance between excitatory and inhibitory neuro-
transmission in the dorsal horn alters during postnatal
development (see Table 2.1).2 Enhanced excitatory
mechanisms are important for activity-dependent chan-
ges4 and there is a tendency for more delayed develop-
ment of inhibitory mechanisms.49

Developmental changes in the distribution and sub-
unit composition of glutamate receptors in the spinal
cord contribute to the increased excitability of the neo-
natal dorsal horn.2 AMPA, kainate, and NMDA receptors
are activated by glutamate to produce inward cation
currents and depolarization of the postsynaptic cell.
Several factors contribute to an enhanced excitability in
early development including (see Table 2.1):

� increased density and distribution of receptors
throughout the dorsal horn;

� increased affinity for agonist;
� changes in subunit expression that alter channel

kinetics and increase the calcium permeability of the
receptor.
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Table 2.1 Excitatory and inhibitory modulation in the spinal cord during early development.

Structure Function

Excitation

C fiber Last primary afferents to project into cord12 Frequency of mEPSCs initially low: asynchronous

glutamate release32

C-fiber markers trkA, IB4 and CGRP are expressed in

the spinal cord from early development12, 35, 36
No postsynaptic response to C-fiber electrical stimuli26, 33

TRPV1-immunoreactivity detectable in lamina I

of the dorsal horn at P2; diffusely distributed in

lamina II also by P10; density increased by P20;

two distinct zones in lamina I and inner lamina II

by P3016

Reduced spontaneous reflex activity to chemical C-fiber

stimuli34, 37

Reduced secondary hyperalgesia34, 38, 39

A fiber Initially project throughout and form functional

synapses in superficial DH25

Activity in A-beta fibers evokes monosynaptic responses

in laminae I and II23, 24

Overlap with C fibers

Withdraw as C fiber function matures12, 20, 21, 22
Prolonged after discharge and mediate central sensitization26, 27

DH input Initial overlap between A and C-fiber inputs in

superficial DH12

Reduced mechanical threshold of DH neurons29

Large receptive field40
Increased central activation for given peripheral input26, 29, 30

Reflex response has low threshold and poorly directed

AMPA receptor Highly expressed in newborn cord Increased excitability

GluR1, 2, and 4 more highly expressed41, 42 Ca permeability (no Ca flux in adult)

NMDA receptor Highly expressed and more widespread distribution42, 43 Increased excitability

Increased expression of NR2D subunit2 Slower offset time, increased Ca influx

Increased affinity for agonist44 Repeat stimuli can activate in absence of AMPA45, 46

May not be colocalized with AMPA47, 48

mGluR mGluR3 and mGluR5 highly expressed at birth2 Functional effects not elucidated

Inhibition

GABAA receptor Altered subunit composition2 Reduced spontaneous IPSCs49

Some neurons depolarize rather than hyperpolarize following

GABA activation but insufficient for action potential49

Intrinsic spinal GABAergic inhibition functional50

KCC2 Reduced expression K1-Cl� cotransporter51 High intracellular chloride

Progressively more neurons hyperpolarize to GABA49

Inhibition progressively enhanced throughout first week

GlyR Altered subunit composition2 Reduced channel opening time

Expression of postsynaptic scaffolding protein required

for anchoring of GABA and glycine receptors

No glycine mediated spontaneous IPSCs in superficial DH

initially: altered balance and temporal relationship of

excitatory and inhibitory inputs49

Interneurons Axodendritic growth occurs postnatally52 Reduced local inhibition

Descending

inhibition

Fibers in DLF do not project into cord53 Stimulation of DLF:no DH inhibition53

Activation of PAG:no DH inhibition54

DNIC immature55

DH, dorsal horn; DLF, dorsolateral funiculus; DNIC, diffuse noxious inhibitory controls; GABA, gamma-aminobutyric acid; GlyR, glycine receptor; IPSC,
inhibitory post-synaptic currents; KCC2, potassium-chloride cotransporter; mGluR, metabotropic glutamate receptor; NMDA, N-methyl-D-aspartate; PAG,
periaqueductal gray. Further details in recent reviews and chapters.1, 2, 3
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INTRACELLULAR CASCADES

The influx of calcium ions following NMDA receptor
opening activates a number of protein kinases and
intracellular enzyme cascades, leading to rapid onset
posttranslational and longer-term transcriptional changes
(see Chapter 1a, Applied physiology of nociception). In
adult animals, induction of nitric oxide synthase (NOS)
and increased production of nitric oxide (NO) in the
spinal cord has been associated with hyperalgesia fol-
lowing a number of stimuli.56 NOS expression is not seen
in lamina II before P5 and does not reach adult levels
until P20.56, 57 Developmental changes in a number of
intracellular cascades contribute to the differential
maturation of peripheral and central sensitization
mechanisms. Whereas C-fiber stimuli produce primary
hyperalgesia or peripheral sensitization at all postnatal
ages, the maturation of central responses to C-fiber sti-
muli is delayed (see Table 2.2). The protein kinase C
isoform PKC-e is present in DRG and modulates
responses to formalin throughout development. However,
there are relatively few PKC-g-positive cells in the dorsal
horn in early life and inhibition of this enzyme has little
effect on the response to formalin until P21.31 Extra-
cellular signal-regulated kinase (ERK) protein can be

identified in the dorsal horn in early development but at
lower levels than in older animals, and the degree and
distribution of capsaicin-induced activation of ERK in the
spinal cord also increases with postnatal age.34 Identifi-
cation of age-related changes in the cellular responses to
different stimuli is necessary to identify developmentally
appropriate analgesic targets.

INHIBITORY MODULATION

Inhibitory mechanisms may not be fully mature in early
life (see Table 2.1). Fast inhibitory transmission is medi-
ated by gamma-aminobutyric acid (GABA) and glycine
receptors, both of which undergo developmental changes
in subunit expression that influence channel kinetics.2 In
the hippocampus, GABA initially produces depolarizing
rather than hyperpolarizing currents, as the intracellular
chloride concentration remains high until the potassium-
chloride cotransporter KCC2 is upregulated later in
development.51, 59 However, GABAergic inhibition may
mature earlier in the spinal cord. In dorsal horn slices,
although GABA produced depolarization in a proportion
of cells at P0–2 this was insufficient to produce
action potentials, and by P6-7 only the adult pattern of

Table 2.2 Postnatal changes in intracellular kinases.

Enzyme Site Developmental profile Function Effect of inhibition

PKCe31 DRG Expressed by increasing

proportion of DRG cells

Mediates peripheral

response to formalin

Reduces both phases of formalin

response at all postnatal ages

41% at P7, 60% at P20; 90% in

adult

Effect independent of age Reduces CGRP and glutamate release

from spinal cord

PKCg31 Dorsal horn Relatively few cells at P7 Effect increases with

postnatal age

Attenuates second phase of formalin

response at P21 and P15Number of cells increases with

age Activation by formalin at

P21, no effect at P7 or

P15

No effect at P7

Becomes localized to lamina II

CaMK II58 Dorsal horn Low levels at P0, upregulation

of expression to P14

Required for normal

activity-dependent

development of sensory

circuits

Mutation at autophosphorylation

site: deficit in A-fiber input and

increased receptive field size

ERK34 Dorsal horn Significant increase in ERK

protein from P3 to P21

Mediates central C-fiber

induced secondary

hyperalgesia

Blocks secondary hyperalgesia at P21

Minimal activation in cord

by capsaicin at P3

No effect on primary hyperalgesia at

P3 or P21 (IT PD98059)

Increased degree and

distribution of activated

phosphoERK in cord at

P21

CaMK, calcium calmodulin kinase; ERK, extracellular signal-regulated kinase; P, postnatal day; PKC, protein kinase C.
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hyperpolarizing responses was recorded.49 Application of
the GABAA-antagonist gabazine to the spinal cord in vivo
produced a similar degree of increased firing at P3 and P21,
suggesting that intrinsic spinal GABAergic inhibition is
functional during early life.50 Although GABA does not
appear to have significant direct excitatory effects in the
spinal cord, the overall response to GABA activation is also
influenced by descending inputs.60 Although local inhibi-
tion within the spinal cord can be demonstrated in early
life, modulation by descending inputs may initially result
in an overall facilitatory effect.

Withdrawal reflexes

Withdrawal reflexes are important models for the inves-
tigation of nociceptive processing at all ages in both
laboratory and clinical studies.61, 62 Measuring reflex
thresholds allow quantification of responses to different
forms of injury63, 64 and assessment of analgesic efficacy
in preclinical studies.65, 66, 67, 68 Similarly, changes in reflex
thresholds in infants can provide additional objective
evaluation of responses to injury and analgesia in clinical
studies.69, 70

LABORATORY STUDIES

Flexor-withdrawal responses to mechanical and thermal
stimuli can be measured from birth, but thresholds are
lower, and the reflex response has greater amplitude, longer
latency, and a higher degree of variability.2, 37, 71, 72 The
increase in withdrawal reflex thresholds with age reflects a
gradual decrease in the excitability of spinal cord neurons,
increased inhibitory input, and reorganization of sensory
connections that reduce the size of the receptive field.26

Reflex responses are initially less organized, can be evoked
by both noxious and innocuous stimuli, and may result
in inappropriate generalized movements. Maturation of

sensory and motor inputs, and an activity-dependent
process that involves strengthening of appropriate con-
nections and suppression of erroneous movements, leads
to tuning of the receptive fields of each withdrawal reflex
module. As a result, more specific motor responses develop
that selectively move the stimulated area away from the
stimulus.73, 74, 75

CLINICAL STUDIES

In clinical studies, changes in reflex thresholds, receptive
field size, and the specificity of withdrawal responses have
been demonstrated that correlate with the developmental
pattern seen in laboratory investigations (Figure 2.1). The
mechanical threshold of the hindlimb flexion withdrawal
reflex is initially low and increases with postconceptional
age (PCA) in preterm neonates, but is still well below
adult levels at term (40 weeks PCA).76, 77 Electro-
myography (EMG) responses of the biceps femoris to
mechanical, electrical, and noxious (heel stick for routine
blood sampling) stimuli confirmed lower reflex thresh-
olds in infants aged 28–42 weeks PCA, and there was
good correlation between stimulus intensity and the
amplitude of the reflex at all ages.78 Reflex movements are
also less synchronized in premature neonates. The
receptive field of the hindlimb reflex is large in early
development, as withdrawal can be elicited by low
intensity stimuli over the whole limb at 27 weeks PCA. As
age increases, withdrawal is more specifically produced by
stimuli on the foot, and there is now a gradient of
increasing threshold from distal to proximal sites on the
limb.77 A mechanical stimulus (von Frey hair) applied
perpendicular to the abdomen produces a brisk contrac-
tion of the ipsilateral abdominal musculature in infants
(abdominal skin reflex). In preterm neonates, a more
generalized response that includes hip flexion is evoked,
but the incidence and degree of hip flexion decreases
sharply from 30 to 42 weeks PCA.70 Erroneous reflex

Figure 2.1 Characteristics of withdrawal reflexes in infant rats (a–d) and human neonates (e–f). The mechanical threshold of both the

hind limb withdrawal reflex in the rat pup (a) and the abdominal skin reflex assessed in the neonate (f) can be determined by

application of graded nylon monofilaments (von Frey hairs) which apply a logarithmically increasing force. The threshold increases with

age in rat pups aged 3, 10, and 21 postnatal days (b) and in preterm and term neonates and infants aged from 32 weeks

postconceptional age to 2 years (f). Reflexes are generalized and not well-tuned in early life. In the rat pup, the withdrawal in the

extensor digitorum longus muscle is elicited by multiple sites on the paw (strongest response from dark area drawn on hind paw),

but in the adult is localized to the skin on the toes (i.e. maximal response evoked from the skin area that is most effectively withdrawn

as the muscle contracts) (c). In the youngest infants, the response to mechanical stimuli on the abdomen produces a generalized

response which includes bilateral hip flexion, but becomes more focused to abdominal muscles alone with increasing age (g).

Electromyography recordings in biceps femoris from a rat pup (d) and human neonate (h) show that the magnitude of the response

increases with increasing stimulus intensity. (c) Reprinted from Holmberg H, Schouenborg J. Postnatal development of the nociceptive

withdrawal reflexes in the rat: a behavioural and electromyographic study. Journal of Physiology. 1996; 493: 239–52; (e–g) modified
from Andrews K, Fitzgerald M. Wound sensitivity as a measure of analgesic effects following surgery in human neonates and infants.
Pain. 2002; 99: 185–95; (h) reprinted from Andrews K, Fitzgerald M. Cutaneous flexion reflex in human neonates: a quantitative study

of threshold and stimulus-response characteristics after single and repeated stimuli. Developmental Medicine and Child Neurology. 1999;
41: 696–703.
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movements have also been demonstrated in clinical
studies. In an adult, stimulation of the plantar surface
of the heel produces plantar flexion of the toes and no
response in tibialis anterior (which produces dorsiflexion
of toes). However, in neonates aged 30–39.5 weeks
PCA, low intensity mechanical (von Frey hairs) or elec-
trical stimuli on the plantar surface of the foot produced
an EMG response in tibialis anterior.62 This leads to
inappropriate movement towards the stimulus, which
resolves with further maturation and tuning of the reflex
response.

Higher centers

ASCENDING PATHWAYS

Nociceptive sensory discriminative information ascends
from the dorsal horn to the thalamus in the spinotha-
lamic pathways. By birth in the rat, afferents from the
spinal cord have reached the thalamus and functional
thalamocortical synaptic connections have been formed.3

Ascending fibers from lamina I of the dorsal horn
(spinoparabrachial pathways) ascend to the amygdala
(affective components of pain) and the hypothalamus
(autonomic function),79, 80 but as yet there is little
information on the structure and function of these
pathways during development.

DESCENDING MODULATION

Descending pathways from the brain stem modulate pain
transmission in the spinal cord.81, 82 The periaqueductal
gray (PAG) receives inputs from the dorsal horn and a
wide range of higher centers including the amygdala and
cortex, and projects to the rostroventromedial medulla
(RVM) which exerts bidirectional inhibitory and facil-
itatory control on the spinal cord (see Chapter 1b,
Mechanisms of inflammatory hyperalgesia). Many path-
ways projecting from the brain stem are anatomically
present in early life, including descending pathways in the
dorsolateral funiculus, but may not be fully functional.
Inhibition of dorsal horn cell responses by stimulation of
the dorsolateral funiculus is not present until P10–12, and
until P22–24 is only activated by high-intensity stimula-
tion.53 Diffuse noxious inhibitory controls are also not
functional in the first two postnatal weeks55 and stimulus-
produced analgesia from the PAG is not apparent until
P21.54 The effect of developmental age on descending
facilitatory pathways, and on the balance between inhi-
bitory and facilitatory activity, is currently being
investigated.

In adults, fibers from noradrenergic cell groups in the
brain stem descend to the dorsal horn.83 Noradrenergic-
immunoreactive fibers are visible in the dorsal horn at all
spinal levels at P3, but the density of immunoreactive
fibers progressively increases until adult levels are reached

at P30.84 However, binding sites for alpha2-adrenergic
agonists and messenger RNA for the alpha2A receptor are
present in the dorsal horn in early life.85, 86, 87 Laboratory
studies show increased sensitivity to the analgesic effects
of spinally administered dexmedetomidine (an alpha2-
adrenergic agonist), and to the cardiovascular and seda-
tive effects of epidural or systemic dexmedetomidine in
early life.68, 88, 89

Descending serotonergic fibers are present in the
dorsal horn at birth, but the adult distribution and den-
sity are not achieved until P21.90 Effects of serotonin are
difficult to delineate due to the number of receptor sub-
types involved and the presence of both descending
inhibitory and facilitatory pathways.91 Intrathecal alpha-
methyl-5-hydroxytryptamine (5HT 2A/2C receptor ago-
nist) produces dose-dependent suppression of the for-
malin response in adult rats.92 In rat pups, intrathecal 2-
methylserotonin did not suppress the formalin response
before P10 and dose requirements were initially higher
than in older animals.93

CORTICAL FUNCTION IN HUMAN NEONATES

The reflex responses and alterations in stress hormones
associated with noxious procedures in neonates are
indicators of functional nociceptive and hypothalamo–
pituitary–adrenal axis pathways, but do not directly
equate with cortical activation or pain perception.94

Emphasis has previously been placed on the presence of
thalamocortical fibers as a minimum requirement for
pain perception and, although these pathways are ana-
tomically present from 23 to 30 weeks gestational age in
the human,95 functional maturity has only recently been
confirmed. Electroencephalographic (EEG) activity can be
detected from 24 weeks, and synchronous activity sug-
gesting wakefulness from 30 weeks PCA in premature
neonates.95

Cortical activation in association with painful proce-
dural interventions has recently been investigated using
near-infrared spectroscopy (NIRS) in premature neo-
nates. Heel prick for blood sampling produces changes in
cerebral oxygenation over the contralateral somatosen-
sory cortex indicative of cortical activation. These changes
could be observed as early as 25 weeks postmenstrual age,
the magnitude of response increased and latency
decreased with age, and greater responses were recorded
in awake neonates.96 A later study reported bilateral
increases in blood flow over the somatosensory cortex
following venepuncture, and a negative correlation was
found between cortical activity and gestational age (28 to
36 weeks).97 Although some results vary due to differing
methodology (brief heel lance versus more prolonged
venepuncture and squeeze, duration of recordings, time
after birth), both studies show that noxious stimuli pro-
duce functional activation of the somatosensory cortex in
premature neonates.98
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DEVELOPMENTAL AGE AND THE RESPONSE TO
INJURY

Developmental changes in nociceptive pathways can alter
the degree and/or pattern of hyperalgesia following injury
in early life. In addition, the enhanced plasticity of the
developing nervous system1 can result in effects not seen
following the same injury in adults, which may be asso-
ciated with long-term changes in sensory function and/or
the response to future injury. In the following section,
responses to different forms of laboratory injury are
described, and where possible compared with results from
clinical studies. Long-term effects following different
laboratory models of early injury are further outlined in
Table 2.3.

Primary and secondary hyperalgesia

LABORATORY INVESTIGATIONS

Primary hyperalgesia is characterized by a decrease in
pain threshold and increased response to suprathreshold
stimuli due to sensitization of nociceptors within an area
of injury114 and can be demonstrated in a number of early
developmental models.34, 115 Peripheral application of
mustard oil, which activates C-fibers via the TRPA1
receptor, enhances the response to subsequent brushing
or pinching within the receptive field of dorsal horn
neurons.10 Although hind paw mustard oil application
evokes less immediate reflex activity at P3 than in older
pups, the reflex response to mechanical hind paw stimuli
is increased ten minutes later (i.e. primary hyperalgesia is
induced) at all postnatal ages.34, 37

In addition to primary hyperalgesia at the site of
injury, noxious C-fiber stimulation produces a sur-
rounding zone of secondary mechanical hyperalgesia in
adult animals.116, 117 However, minimal C-fiber-induced
secondary hyperalgesia is observed in early develop-
ment,34, 38, 39 suggesting that the necessary spinal cord
and/or supraspinal mechanisms are not mature in the
first postnatal week.

CLINICAL STUDIES

C-fiber-induced primary and secondary hyperalgesia can
be clearly demonstrated and quantified in adult human
volunteers.118, 119 Tissue injury due to repeated heel prick
blood sampling in neonates results in primary hyper-
algesia, as reflected by a reduction in the mechanical
threshold for hind limb withdrawal.120, 121 Changes in
withdrawal threshold in the contralateral limb, suggestive
of secondary hyperalgesia, have been reported with more
extensive injury.78 Therefore, secondary hyperalgesia may
be mediated by pathways other than C-fibers in early life,
and analgesic agents that specifically target C-fiber

mechanisms may be advantageous in adults, but less so in
early development. The abdominal skin reflex (ASR) has
also been used to assess the response to injury in neonates
and infants. The mechanical threshold (von Frey hairs)
for evoking this reflex is significantly lower for at least 24
hours following abdominal surgery, and can be returned
towards baseline values by analgesia.69

Inflammation

Hind paw inflammation produces hyperalgesia at all
postnatal ages in the rat pup, but the degree of acute
change varies with age, and long-term changes are critically
dependent on the severity of injury.6, 68 Severe neonatal
inflammation produces permanent structural alterations in
primary afferent projections in the dorsal horn that are
associated with increased behavioral and electro-
physiological responses to subsequent painful stimuli.99, 100

As these changes are only seen in association with chronic
inflammation they may be of limited clinical significance,
but even relatively mild inflammation in neonatal animals
produces acute reversible structural changes that are not
seen following a similar injury in the adult.6

Recent studies have reported a dual pattern of long-
term response following mild neonatal inflammation.105

A generalized increase in basal sensory thresholds or
hypoalgesia is seen in all paws when these animals reach
adulthood, possibly due to stress-induced alterations in
the hypothalamic–pituitary axis (HPA). By contrast,
repeated injury in the previously inflamed hind paw
seems to unmask segmental changes of long term sensi-
tization and produces a greater degree of local hyper-
algesia.105, 122 These changes only occur if inflammation is
induced in the first postnatal week in the rodent, and
therefore this represents a critical period of susceptibility
for long-term effects following inflammation.

Surgical incision

LABORATORY INVESTIGATIONS

As responses to inflammation, skin wounding and nerve
injury have different developmental profiles, but may all
contribute to surgical injury,123 developmentally regu-
lated responses to surgery need to be specifically investi-
gated. Plantar hind paw incision through skin, fascia, and
muscle layers is increasingly used as a model of post-
operative pain in adult animals.124 This incision produces
acute hyperalgesia in two-week-old rats, which resolves
more rapidly than when the same procedure is performed
in 4- and 16-week-old animals.125 Effects at earlier stages
of development require evaluation. Laparotomy in neo-
natal mice (P0) produces both acute behavioral responses
indicative of pain and distress, as well as long-term
changes in sensory function.110
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Table 2.3 Long-term effects of neonatal injury in laboratory models.

Structural changes Behavioral/
functional changes

Response to repeat
injury in adult

Developmental profile

Severe

inflammation

25mL CFA at

P0–1

Periphery: Chronic inflammation6 Dorsal horn: Increased spontaneous

and evoked firing

(adult)99, 100

Formalin:99 Late phase earlier Long-term effects if

inflammation at P0,

no effect at P1499
No cell death or change

in cell number in

DRG6

CFA:101 Increased Fos in DH

Response to capsaicin

enhanced if

inflammation at P0

not P14102

Dorsal horn: Brief (3–6 days)

alterations in mRNA

expression in DRG103

Capsaicin:102 Increased thermal

and mechanical

hyperalgesia

Expanded sciatic

terminal field99 (not

seen with less

severe

inflammation)6

Increased Fos

expression in DH

Increase density

CGRP99

Mild inflammation

1mL/g (8–10 g)

0.25–1%

carrageenan

Dorsal horn: Altered gene expression

at baseline and

differing pattern

with

reinflammation104

Generalized: Increased threshold all

paws emerges at

P34105

CFA:105 Increased

mechanical and

thermal

hyperalgesia

Inflammation in first

postnatal week (P0,

P1, P3, P5) produces

dual pattern of

baseline hypoalgesia

and enhanced

response to repeat

injury105

Acute, but reversible

change in sciatic

afferent terminal

field6

Reduced response to

stress (swim test;

plus-maze)106
Present at all time

points after

injection

No effect if

inflammation at P8

or beyond)105

(Continued over )



Brain: Increased 5HT receptor

expression in PAG106

Reduced baseline and

stress induced

neuroendocrine

response106

Only if injection in

same paw: no

contralateral

effect

Gene changes following

inflammation at P3

differ from P12104

Dorsal horn: No persistent change in

receptive field size or

spontaneous or

evoked activity40

Colonic
distension:107

Decreased response Visceral effects (colon)

after inflammation

at P3 not P14107

Full thickness skin

wound

Periphery: Hyperinnervation (up to

12 weeks)108
Generalized: Persistent mechanical

hyperalgesia at 3

weeks108

Relatively greater

response

following colonic

inflammation

Effect if wound at P0 or

P7

Down-regulation

ephrin-A4109 Dorsal horn: Increased receptive field

size at 3 and 6

weeks;40 no

persistent change in

DH threshold,

spontaneous or

evoked activity40

Not seen at P14 or

P21108

Laparotomy (mice)

P0110
Hypoalgesia to

thermal and

mechanical

stimuli

Acetic acid
abdominal
constriction (AC):

Decreased response Laparotomy only

performed at P0

Thermal tail latency

and AC effects

prevented by

post-procedure

morphine

No comparison with

surgery at older

ages

Thermal paw effects

also after sham

surgery stress

(Continued over )



Table 2.3 Long-term effects of neonatal injury in laboratory models (continued).

Structural changes Behavioral/
functional changes

Response to repeat
injury in adult

Developmental profile

Intramuscular

injection pH4

(gastrocnemius

daily P12–20)111

Periphery: No detectable changes

in muscle histology

Periphery: Decreased threshold for

withdrawal following

muscle pinch

Colonic distension: Enhanced response Effect if injections

P12–20

Dorsal horn: Neurons responding to

colonic distension

(short latency

sustained): increased

spontaneous activity

and increased

response to

distension

No long-term effect

following injections

in adult

Colonic irritation112

(mechanical or

mustard oil)

Periphery: No detectable changes

in bowel histology

Dorsal horn: Increased neuronal firing Colonic distension: Enhanced response Effect if repeat injury

from P8 to P20

No effect if repeat

injury from P21 to

P42

Bladder

inflammation

(intravesical

zymosan)113

Increased

spontaneous

micturition

frequency

Reinflammation of

bladder113
Effect if injury P14–16

Increased response

to distension

No effect if injury

P28–30

Increased

extravasation



Multiple noninjury-related factors may influence the
response to interventions in early life, including:

� Maternal separation. Maternal separation (for
prolonged periods in some studies) can have
multiple effects on subsequent behaviors, including
responses to visceral stimuli126 and analgesic
agents.127

� Maternal behavior. An initial increase in maternal
contact but later neglect was reported after hind paw
inflammation,106 but no change in maternal behavior
was seen in mice whose pups had undergone
laparotomy.110, 128

� Intercurrent infection. Early exposure to an immune
challenge (intraperitoneal lipopolysaccharide at P14)
produces long-term changes in nociceptive thresholds
in later life.129, 130

� Stress response. Neonatal handling and interventions
may evoke stress responses, but there is conflicting
data on the effects of early injury on the stress
response when animals reach adulthood. Repeated
paw needle prick has been reported to either
increase131 or have no effect132 on subsequent
measures of anxiety and humoral stress responses.
Mild inflammation during the first postnatal week106

and daily handling of pups during the neonatal
period128 have been associated with decreased stress
responsiveness on reaching adulthood.

To evaluate specific injury-related effects in develop-
mental studies it is therefore crucial that comparisons are
made with appropriate control groups. For example, an
increased threshold for hind limb withdrawal was
observed in both the neonatal laparotomy and sham
group who had the same degree of stress (anesthesia,
maternal separation, placebo injection).110 Changes in
subsequent visceral sensitivity have been found following
both sham and inflammatory neonatal injections.107

Controls may need to include include both animals with
the same degree of neonatal stress and a naive group.

CLINICAL STUDIES

Clinical evidence for long-term effects following early
injury is compelling but incomplete, as both increases and
decreases in pain sensitivity have been reported following
surgery and/or intensive care in the neonatal period.
Examples include:

� Alterations in pain-related behavior in ex-neonatal
intensive care unit (NICU) patients.5, 133 The
cognitive and behavioral impairments reported in
large cohorts of ex-premature infants134, 135 may
confound the interpretation of alterations in pain
behavior133, 136 and it is difficult to attribute effects
specifically to pain.

� Increased mechanical sensitivity 12–18 years
following NICU. The number of tender points was
increased and the tenderness threshold was reduced
when assessed by dolorimeter.137

� Significant changes in heat pain sensitivity in
ex-NICU children.138 Quantitative sensory testing
(QST) demonstrated hypoalgesia to brief heat
pain stimuli (i.e. increased threshold), but
enhanced perceptual sensitization to prolonged tonic
heat.138

� Changes in mechanical thresholds following
neonatal surgery. Ten years following neonatal
thoracotomy, QST demonstrated higher mechanical
thresholds both at the site of surgery and at a distant
reference point (thenar eminence) when compared to
an age-matched nonoperated control group.139

� Enhanced response to subsequent surgery. Surgery
during the first three months of life has been
associated with higher pain scores and increased
perioperative analgesic requirements when
subsequent surgery is performed in the same
dermatome.140

These studies are suggestive of the dual profile of response
also seen following neonatal inflammation in the rat pup,
i.e. generalized baseline hypoalgesia, but an enhanced
response to repeated injury in the same area.105 Further
clinical studies following surgery performed at different
ages are required to determine if there is a specific age
range during which surgery in children produces long-
term changes in sensory function.64

Analgesia at the time of the initial painful stimulus
may modulate long-term effects. Male neonates cir-
cumcised without analgesia show an increased behavioral
pain response to immunization several months later, but
this is reduced if local anesthetic is used before the initial
surgery.141 Infants who had undergone surgery in the
neonatal period with perioperative morphine did not
show any increase in later response to immunization
when compared with infants without significant previous
pain experience.142 Further research is required to eval-
uate the ability of different analgesic regimes to modulate
or prevent long-term changes in sensory function and
responses to pain.

Visceral injury

LABORATORY INVESTIGATIONS

Rat pups subjected to repeated mechanical or chemical
(mustard oil) colonic irritation from P8 to P20 had
behavioral and electrophysiological changes in the dorsal
horn when adult, suggestive of persistent hyperalgesia,
despite recovery of peripheral tissues and no detectable
changes in bowel histology. Prolonged effects were not
seen when the same degree of irritation was performed
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from P21 to P42, suggesting that this is a specific devel-
opmental effect (although older animals were sedated
during treatment).112 Similarly, early bladder inflamma-
tion (at P14–16) increased the response to subsequent
inflammation, whereas injury at P28–30 was not asso-
ciated with persistent effects.113

As spinal neurons receive convergent input from both
somatic and visceral afferents, it has also been postulated
that early somatic injury may influence subsequent visc-
eral responses. Neonatal hind paw inflammation decrea-
ses the response to colonic distension in adults, but there
is a relatively greater response to colonic inflammation by
mustard oil.107 Repeated intramuscular injection of low
pH 4.0 saline from P8 to P20 produces long-term deep
somatic hyperalgesia and visceral (colonic) hyperalgesia,
which is not seen when the same stimulus is applied in
adults.111

CLINICAL STUDIES

In infants with unilateral hydronephrosis, the threshold of
the abdominal skin reflex was reduced ipsilaterally
reflecting referred visceral hyperalgesia. In addition, the
reflex threshold did not follow the normal developmental
pattern of increasing threshold with increasing postnatal
age and remained lower than in control infants even after
corrective surgery.70 This suggests that long-term altera-
tions in sensory processing may occur following early
visceral injury.

Given the link between early somatic insults and
subsequent visceral sensitivity, it has been postulated that
early insults may predispose children to future functional
bowel disorders (FBD). An association between neonatal
gastric suctioning and subsequent FBD has been repor-
ted.143 However, as noted in an accompanying editorial, it
is difficult to clearly define an association, let alone cau-
sation, between early injury and subsequent clinical
conditions.144

Full thickness skin wounding

The response to full thickness skin wounds on the hind paw
differs markedly in neonatal and adult animals. When per-
formed in the first postnatal week, skin wounding results in
a reduction in withdrawal threshold that persists well
beyond the period of wound healing,108, 145 and which is not
prevented by a brief sciatic nerve block at the time of
injury.146 Central changes in sensory connections contribute
to this persistent sensitivity, as the receptive field size of
dorsal horn neurons is significantly greater in wounded
compared with control animals three and six weeks later.40

In addition, marked peripheral hyperinnervation occurs
within the wounded area, mediated by local release of
neurotrophic factors147 and changes in short-range inhibi-
tory cues.109 Ephrins act as contact-mediated guidance

molecules during development and repair, and ephrin-A4
inhibits neurite outgrowth. However, following neonatal
skin wounding this inhibition is reduced as ephrin-A4
expression is down-regulated, allowing an increase in
innervation density.109

Nerve injury

LABORATORY INVESTIGATIONS

In early development, peripheral sensory neurons are
dependent on neurotrophins from the target area of
innervation.3 Axotomy produces marked cell death within
the dorsal root ganglion148 that is not seen with other
forms of injury, such as severe inflammation.6 Sciatic nerve
axotomy during the first postnatal week leads to a reduc-
tion in the central terminal field of these primary afferents,
but adjacent saphenous neurons project into the dener-
vated area149, 150 and form functional connections.151

Therefore, despite cell death, central inputs are maintained.
Several different forms of peripheral nerve injury have

been used to investigate the pathophysiology of neuro-
pathic pain. Responses during early development differ
significantly from those seen when the same injury occurs
in adults. Ligation of the spinal nerve roots (L5 and L6)
produces significant and prolonged allodynia in adult
animals, but changes are of shorter duration if performed
at one or two weeks of age.152, 153 Partial sciatic ligation
produced minimal difference in threshold from control
animals in two-week-old rat pups, but when performed in
four- or 16-week-old animals a greater degree and dura-
tion of allodynia was observed.153 The spared nerve injury
(SNI) model (i.e. division of tibial and common peroneal
branches of sciatic nerve, while leaving sural nerve intact)
produces marked allodynia in adult animals.154 When
performed at 3, 7, 10, and 21 days of age, SNI did not
produce significant mechanical allodynia at any time in
the next four weeks, whereas when performed at P33
allodynia occurred, but to a lesser degree than in adult
animals. Similarly, chronic constriction injury (CCI)
lesion at P10 did not produce the prolonged allodynia
seen in adults.155

Activation of spinal microglia play a key role in neu-
ropathic pain in adults,156 but significant differences in
the degree and pattern of glial activation is seen in early
life. In the adult, microglial activation is evoked at five
days and glial activation seven days after spared nerve
injury, but in young animals a weak microglial but robust
astrocytic response is seen initially (day one) followed by
a second activation at seven days.157 Although spinal
microglia are capable of being activated by exogenous
stimuli in young pups, minimal microglial response is
triggered by nerve injury at P10 when compared with
adult animals.158 These age-related differences in the glial
response to nerve injury may contribute to the lack of
neuropathic allodynia in early life.
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CLINICAL STUDIES

Age-related changes in pain following nerve injury are
supported by clinical studies, but further prospective
trials with long-term follow up are required. Traumatic
injury to the brachial plexus in adults is frequently fol-
lowed by severe neuropathic pain.159 By contrast, brachial
plexus injury at the time of birth is not associated with
chronic neuropathic pain, and restoration of normal
sensation and ability to localize stimuli was seen following
early surgical repair.160 It has also been postulated that the
reduced sensitivity following nerve injury in early life
correlates with clinical experience in children with com-
plex regional pain syndrome (CRPS), which is rare before
eight years of age.161 In older children and adolescents,
neuropathic pain is recognized. Phantom pain is much
more common following surgery or trauma than in
children with congenital absence of a limb162, 163 and can
be of moderate to severe intensity (6.43 on 0–10 rating
scale).164 Phantom pain also occurs following amputa-
tions for burn injury165 or cancer treatment.166 As 75
percent of children with phantom pain also had pre-
operative limb pain,166 it has been suggested that pre-
operative regional anesthesia may be beneficial, but no
prospective trials have been conducted in children.

DEVELOPMENTAL CHANGES IN ANALGESIC
PHARMACODYNAMICS

Changes in nociceptive mechanisms not only alter
responses to noxious stimuli, but can also have a sig-
nificant impact on the response to analgesic agents. The
pharmacokinetic profile of drugs changes rapidly during
the first weeks of life, but can be readily investigated in
clinical studies. Understanding age-related changes in
pharmacokinetics (e.g. morphine and paracetamol) has
allowed refinement of dose recommendations based on
age, as well as weight.167, 168, 169, 170, 171 However, plasma
concentrations often target doses that either: (1) avoid
side effects (such as respiratory depression), or (2) are
associated with analgesia in older children. Whereas
pharmacokinetic data can be readily obtained by mea-
suring plasma concentrations in clinical studies, there is
much less data relating to the effect of age on the efficacy
and developmental pharmacodynamics of analgesics in
common use. Analgesic efficacy trials are difficult to
conduct in neonates and infants. As pain outcome mea-
sures have reduced specificity and sensitivity at this age
and it is difficult to recruit large homogeneous samples,
studies may not be adequately powered to demonstrate a
difference between types or doses of analgesic agent.

Information from laboratory studies can improve our
knowledge of developmentally regulated changes in
analgesic efficacy. Ensuring that different analgesic
mechanisms are functional in early life, and if there is an
increase or decrease in sensitivity to the drug in question,

can improve the design of subsequent clinical trials.11 In
addition to functional studies, the mechanisms under-
lying age-related differences can also be investigated in the
laboratory. Clinical aspects of analgesia and pain man-
agement in children are covered in Chapter 27, Acute pain
management in children. Some examples of laboratory
experiments evaluating developmental analgesic phar-
macodynamics are included here.

Age-related changes in analgesic efficacy

Dose-dependent effects of drugs on the sensory thresh-
olds of the hind limb withdrawal reflex can be used to
evaluate analgesic efficacy. Both antinociceptive effects
(i.e. increased threshold above baseline) and the ability to
reverse injury-induced sensitivity (i.e. antihyperalgesia)
can be assessed (Figure 2.2). The sensitivity to epidural
bupivacaine is increased in early life, as the concentration
required to reverse inflammatory hyperalgesia is lower in
younger rat pups. In addition, at all postnatal ages,
selective reversal of hyperalgesia could be achieved at
concentrations that had no effect on the threshold of the
contralateral limb.67

Changes in receptor expression

Significant changes in mu opioid receptor distribution in
DRG neurons and the spinal cord occur during postnatal
development, contributing to the increased sensitivity to
morphine in early life.172, 173 Lower doses of epidural
morphine increase withdrawal reflex thresholds (i.e.
antinociceptive effect)65 and reverse the hyperalgesic
effect of hindpaw inflammation174 in younger pups, and
systemic morphine effectively suppresses the response to
formalin soon after birth.175, 176 In the first postnatal
week, opioid receptors are expressed by both small (C-
fiber) and large (A-fiber) cell bodies in the DRG, but by
P21 the adult pattern of expression in predominantly
small diameter neurons is seen.177 Receptors on large A-
fibers are functional and contribute to the increased
sensitivity of mechanical thresholds to morphine in early
life.178 In the spinal cord, mu receptor binding sites are
initially spread diffusely through the dorsal horn, overall
binding peaks at P7, and by P21 binding sites are reduced
and localized to the superficial dorsal horn.179 In addition
to the established differences in the pharmacokinetic
profile of morphine,167, 170, 180 these pharmacodynamic
differences are likely to contribute to the age-related
changes in morphine requirements seen in neonates and
infants in clinical studies.181

Changes in transmitter function

Neurotransmitters may have differing roles throughout
development. Noradrenaline has a trophic role in the
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developing nervous system, and alpha2-adrenergic recep-
tors are highly expressed in the brain stem during the early
postnatal period in the rat.87, 182 These changes may
underlie the increased susceptibility to centrally mediated
sedative and cardiovascular effects of the alpha2 agonist
dexmedetomidine seen in younger rat pups.68, 88, 89

Similarly, binding of [3H]para-aminoclonidine is higher in
the brain stem of human neonates than infants,183 and
sedative effects have been reported in neonates following
doses of caudal clonidine that are well tolerated in older
infants.184, 185, 186

Age-related changes in metabolic function and
analgesic efficacy

Analgesic effects of codeine are dependent on metabolism
to morphine by the cytochrome P450 enzyme CYP2D6.
As activity of this enzyme is developmentally regulated
and increases with age, the efficacy of codeine is reduced
in early life.66 In addition, there is significant genetic
variation in the activity of this enzyme, and a significant
proportion of children (47 percent in a UK study)187 have
reduced metabolic capacity, which reduces the incidence
of side effects but also analgesic efficacy. Tramadol is also
metabolized by CYP2D6. Activity of the enzyme has been
demonstrated in neonates and clearance of tramadol
increases with age,188 but age- and genotype-related
changes in pharmacodynamics require further evaluation.

CONCLUSIONS

Significant advances have been made in our under-
standing of responses to pain and injury in early life.
Nociceptive pathways are functional following birth even
in the most premature neonate, but changes in the
developing nervous system have a significant impact on
the type and degree of response to painful stimuli, and on
the efficacy of analgesic interventions. Alterations in levels
of neural activity due to pain and injury have the
potential to produce responses not seen in the adult, and
may result in long-term changes in sensory function.
Further elucidation of the mechanisms underlying
developmental changes in nociceptive processing and the
response to injury will inform future translational clinical
trials directed at developmentally appropriate treatments.
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KEY LEARNING POINTS

� Worldwide, opioids remain the mainstay for the

treatment of moderate to severe acute pain.
� Fears of addiction should not limit the appropriate use

of opioids for acute pain.
� An opioid is any substance with a pharmacological

action at the opioid receptor; an opiate is a naturally

occurring opioid.
� Efficacy describes the magnitude of the maximal

pharmacological response to an opioid. Potency is

related to the dose of the opioid needed to produce an

effect, not its magnitude.
� The classical opioid receptors are m, k, and d. No

subreceptors of these have been identified but many

receptor gene polymorphisms have been discovered;

these may be responsible for clinically important

differences in receptor expression and function.
� The nociceptin/orphanin FQ receptor is an opioid-like

receptor; agents acting at this site have the potential to

produce analgesia without respiratory depression.

� Opioid pharmacodynamic and pharmacokinetic

variables vary widely between patients and the

therapeutic index is narrow. This necessitates the

need for close observation and titration of dose

to effect in every patient receiving opioids for acute

pain.
� Nausea and vomiting are predictable and significant

side effect of opioids when used to treat opioid-naive

patients in acute pain; prophylactic antiemetics are

often administered routinely.
� Oral bioavailability of opioids used for acute pain is low

and varied.
� Morphine is metabolized to two major metabolites

that are excreted by the kidney. Morphine-6-

glucuronide is a full agonist at the m receptor;

morphine-3-glucuronide may have an anti-opioid effect

in some situations.

INTRODUCTION

Despite years of extensive research to identify effective
alternatives, opioids remain the mainstay of treatment for
moderate to severe acute pain. Many opioids are available
worldwide for medical use, but the pharmacological action

of all of them is very similar. They differ only in respect of
their relative efficacy at each type of opioid receptor (and
therefore relative clinical efficacy and specific side-effect
profile), their pharmacokinetics, and their actions other
than those at the opioid receptor. The choice of opioid is
also influenced by the traditional prescribing practices



prevailing in each country. For example, diamorphine is
never used medically in the USA and many European
countries, but it is administered frequently in the UK.
There is no logical pharmacological reason for this – it is
simply tradition.

An opioid is defined as a compound (endogenous or
administered, naturally occurring or synthetic) which has
pharmacological activity at an opioid receptor. An impor-
tant property of this interaction is that it is reversed by an
opioid antagonist (e.g. naloxone).1 Opium contains a
variety of naturally occurring opioids and is obtained
from the seeds of the poppy plant Papaver somniferum; it
has been available for thousands of years, perhaps even to
the Pharaohs of Egypt. The term ‘‘opium’’ is derived from
Greek (opioin, poppy juice) and is used to describe more
than 20 pharmacologically active or inactive alkaloids,
including morphine, codeine, and papaverine.2 An ‘‘opi-
ate’’ is a naturally occurring opioid. The Greek word for
‘‘to benumb’’ is narkoo, from which the term ‘‘narcotic’’ is
derived. Originally used to describe any sleep-inducing
substance, narcotic has no strict medical definition. The
term may be employed to describe any illegal, abused
substance and it is used in some countries synonymously
with the term opioid.

OPIOID EFFICACY AND POTENCY

The pharmacology of commonly used opioids is descri-
bed in this chapter. However, it is important to clarify the
precise pharmacological definitions of two terms that
often cause confusion when comparing the properties of
opioids: efficacy and potency.

Efficacy (or intrinsic activity) is a concept which
describes the magnitude of the maximal response of a
tissue arising from a drug–receptor interaction.3 Potency is
an expression of the activity of the drug, in terms of the
amount needed to produce a defined effect.3 The relation-
ship between these terms is best illustrated by considering
morphine, fentanyl, and buprenorphine. Morphine has the
same efficacy as fentanyl (both can cause respiratory
arrest). Unfortunately, the term potency is often used in
general conversation synonymously with the term efficacy,
i.e. ‘‘morphine is just as potent as fentanyl.’’ In pharma-
cological terms, this is incorrect because fentanyl is more
potent than morphine as the ED50 (the dose that is effec-
tive in 50 percent of patients for any defined effect) is less
than that of morphine. Under normal circumstances,
buprenorphine does not cause respiratory depression.
Therefore, it is less efficacious (in terms of effect on the
respiratory system) than morphine. It is also less effica-
cious as an analgesic (see below under Buprenorphine).
However, because the dose of buprenorphine is far smaller
than morphine (e.g. 0.3–0.6mg intramuscularly (i.m.)), it
has a smaller ED50. Therefore, buprenorphine is more
potent than morphine.

OPIOID RECEPTORS

Martin and colleagues4 were the first to classify opioid
receptors. In 1976, they described the mu (m), kappa (k),
and sigma receptors (s). This was based on the specificity
of three agents acting at these receptors, i.e. morphine,
ketazocine (ketocyclazocine), and SKF10047, respectively.
The delta (d) and epsilon (e) receptors were identified
shortly after this, based on their responses to enkephalins
and b-endorphins (but not morphine), respectively.5, 6

However, data from later studies demonstrated con-
clusively that sigma and epsilon receptors were not opioid
receptors.7, 8 It has taken a long time for these findings to
be appreciated by some, particularly with respect to the
sigma receptor. From the 1980s, only three opioid
receptors (m, k, and d) were recognized.

For some years, data have suggested the possibility of
receptor subtypes for the opioid receptors. For example, it
was postulated that m1 receptors were responsible for
analgesia and m2 for respiratory depression.

9 However, no
receptor subtype has been identified following the cloning
of the classical opioid receptors (m, k, and d) in the early
1990s.10, 11, 12, 13

Recent studies in knockout mice (deletion of the gene
coding for m receptors) showed that they did not demons-
trate opioid-induced analgesia or respiratory depression,14

supporting the notion that a single m-opioid receptor
mediate these effects.

Despite the failure to identify opioid receptor subtypes,
recent work has discovered that there are a number of
polymorphisms in the m opioid receptor gene (OPRM1)
that may be responsible for some of the variation in
response to opioid therapy. Gene polymorphism refers to
differences in the DNA sequence that may affect the
expression or structure of the receptor. About 100 variants
in the m-opioid receptor gene have been identified,15 more
than 20 involving amino-acid changes.16 The most com-
monly studied single nucleotide polymorphism (SNP) so
far is A118G, where the nucleotide adenine is replaced by
guanine in the position 118 of the OPRM1 gene. This
results in an amino-acid exchange (asparagine for aspar-
tate) in the extracellular region of the receptor at position
40 (Asn40Asp or N40D).15 The frequency of the A118G
variant differs according to the population, e.g. approxi-
mately 45 percent in the Asian population and 5–25
percent in African-Americans.17

The clinical significance of the defined SNPs with
respect to response to opioid therapy is yet to be clarified.
Several studies suggest that polymorphism in the OPRM1
gene may contribute to the wide variation in opioid sensi-
tivity, tolerance, and addiction.18, 19, 20 It has been reported
from in vitro studies that differences in the expression,
transduction systems, and receptor trafficking of the A118G
polymorphism can affect potency and efficacy.21, 22, 23

Studies have demonstrated a reduced response to opi-
oids in acute, chronic, and cancer pain, and a reduced
incidence of side effects (e.g. miosis, nausea and vomiting,
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respiratory depression) in subjects with the A118G
variant.24, 25, 26, 27

Work on opioid receptor polymorphism continues; it
has the potential to have a major influence on future
advances in opioid therapy.

Location and mechanism of action of opioid
receptors

It has been known for some time that opioid receptors are
abundant throughout the central nervous system (CNS).28

Mu and kappa receptors are present in the cerebral cortex,
amygdala, hippocampal formation, thalamus, mesence-
phalon, pons, medulla, and spinal cord.13, 29 Kappa recep-
tors are found also in the hypothalamus. Delta receptors are
present throughout the telencephalon and the spinal cord.

High densities of m-opioid receptors are found in the
descending inhibitory control pathway, the periaqueductal
gray (PAG) in the midbrain.30 Efferent outflow from the
PAG descends via the rostroventromedial medulla (RVM)
to the dorsal horn of the spinal cord synapsing with the
inhibitory interneurons in laminae II. In the spinal cord,
opioid receptors are found at the presynaptic terminals of
primary afferent sensory neurons (Ad and C-fibers), pri-
marily in lamina I and the substantia gelatinosa (laminae
II). These presynaptic receptors inhibit the release of
excitatory neurotransmitters (e.g. substance P, glutamate),
and hence transmission of nociceptive stimuli. Although d
receptors are classically considered to be spinal, m recep-
tors still predominate (e.g. 70 percent m, 24 percent d, and
6 percent k in the rat).28, 31

Opioid receptors and ligands have been identified in
peripheral tissue. For example, enkephalins have been
described in periosteum, synovium, bone marrow, and
juxta-articular bone.32 Furthermore, analgesic effects of
peripherally administered opioids have been demonstrated
in the laboratory and the clinic.33, 34, 35 However, a recent
review identified the poor quality and inconsistency of the
available clinical data on efficacy and a significant number
of studies failing to show an effect.36

Opioid receptors inhibit the conduction of signals in
the nociceptive pathways by inhibiting the release of, and
response to, neurotransmitters. This is achieved by:

� preventing calcium influx at presynaptic voltage-
gated calcium channels;37

� inhibiting the response of the postsynaptic
membrane to neurotransmitters by activating
potassium channels and consequently hyperpolarizing
the membrane;

� negative receptor coupling by inhibitory G-protein to
adenylyl cyclase, thus reducing cAMP formation.38, 39, 40

Endogenous ligands acting at opioid receptors include
enkephalins (d receptor), dynorphins (k receptor), endor-
phins (high affinity, but poor selectivity for m receptors),41

and nociceptin/orphanin FQ (NOP receptor, see below
under Nociceptin/orphanin FQ receptor). The endoge-
nous selective ligands for the m receptor (endomorphins)
were first identified in 1997.29 Both endomorphin 1 and
endomorphin 2 are peptides of four amino acids and
intimately involved in nociceptive pathways.42 Unlike the
other recognized peptides, precursors for endomorphin 1
and 2 have not been identified.

Nomenclature of opioid receptors

Since the discovery of opioid receptors, there has been
considerable debate around their nomenclature. In 1996,
the guidelines of the International Union of Pharmacology
(IUPHAR) Committee on Receptor Nomenclature and
Drug Classification recommended that the Greek terms
m, d, and k should be replaced with OP3, OP1, and OP2,
respectively43 (numbered with respect to the order in
which they were cloned). The use of MOP, DOP, and KOP
has also been recommended. However, the Greek letter
nomenclature (m, d, k) is well established and, in 2005,
IUPHAR considered that their use should be accepted (see
Table 3.1).44

Nociceptin/orphanin FQ receptor

Attempts to clone the known opioid receptors led to the
accidental cloning of a new, previously unidentified
opioid-like receptor. This was christened the orphan
receptor because no ligand was known at that time.43

However, a year later, the endogenous ligand was discove-
red simultaneously by two groups, who named the agonist
orphanin F/Q (owing to its terminal amino acids) or
nociceptin.45, 46 Nociceptin/orphanin FQ (N/OFQ) is a
heptadecapeptide cleaved from prepronociceptin and
shows similarity to dynorphin A.47 The ‘‘orphan’’ receptor
has been given numerous names: ORL-1 (opioid receptor
like), NCR (nociceptin receptor), or OP4. However, latest
guidelines from IUPHAR recommend that, because of the
structural relationship between this receptor and m, k, and

Table 3.1 Nomenclature of opioid receptors.

Conventional
nomenclature

Official IUPHAR
nomenclature

Other names Ligand

Mu m MOP, MOR,

OP3

Endomorphins

Delta d DOP, DOR,

OP1

b-Endorphin

Kappa k KOP, KOR,

OP2

Dynorphin A

Orphan NOP ORL1, OP4 Nociceptin/

orphanin FQ

IUPHAR, International Union of Pharmacology; ORL, opioid receptor like.
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d receptors, it should be considered as a nonopioid branch
of the opioid family of receptors. They propose the
abbreviation NOP for this receptor.48

The system is involved in several physiological processes,
including pain modulation.49 The receptor is distributed
widely throughout the CNS, e.g. cortex, hippocampus,
hypothalamus, PAG, locus ceruleus, and spinal cord
(laminae I, II, and X). Spinally, nociceptin produces
analgesia; this prevails over the supraspinal actions that
produce hyperalgesia or anti-opioid actions.47, 50

The NOP receptor functions in similar ways to the
other opioid receptors, e.g. enhances outward potassium
flow from the cell and inhibits voltage-gated calcium
channels.47 It is not implicated in respiratory depression.47

It may be that drugs acting at this receptor will provide
good analgesia with no respiratory depression and inves-
tigations into selective antagonists at this receptor are in
progress.51 Novel ligands (e.g. UFP-112) have shown
similar spinal antinociceptive and supraspinal pronoci-
ceptive actions, with higher potency and longer-lasting
effects than the natural peptide N/OFQ.52

The effects of orphanin FQ on other systems is com-
plex, depend on mode of administration, and are not yet
fully understood. The cardiovascular and renal effects
render the receptor a possible candidate for the treatment
of heart failure,53 anxiety and depression,54 and eating
disorders;55 it is also involved in learning and memory
processes.56

CLASSIFICATION OF OPIOID DRUGS

Traditionally, opioids have been classified as strong, inter-
mediate, and weak, according to their perceived analgesic
properties and propensity to addiction (Table 3.2). For
example, codeine is described as ‘‘weak’’; partial m-agonists
(less efficacy than morphine) or mixed agonist–antagonist
opioids (k agonist, m antagonist) are often referred to as
‘‘intermediate’’ opioids; and pure opioid agonists (e.g.
morphine, pethidine (meperidine), oxycodone, hydromor-
phone, diamorphine, fentanyl) are described as ‘‘strong.’’
Although this approach has been useful (e.g. the adoption
of the World Health Organization analgesic ladder), it can

be misleading. It implies that the ‘‘weak’’ opioids, such as
codeine, are less dangerous despite the fact that codeine is
simply less potent than morphine and can cause respira-
tory depression if given in a sufficient dose.57

Opioids can also be classified according to their
structure, but this is not helpful to the clinician. Perhaps
the best way of classifying opioids is by adopting a func-
tional approach (Table 3.2). As described below, pure
agonists (e.g. morphine, fentanyl) have predictable phar-
macological properties, as do partial agonists (e.g. bupre-
norphine), and agonists–antagonists (e.g. pentazocine).
Some opioids have mixed actions because they are also
active at other receptors or systems. For example, pethi-
dine is an antagonist at the cholinergic receptor (cardio-
vascular effects) and also has a membrane-stabilizing effect
(local anesthetic action);58 tramadol inhibits reuptake of
norepinephrine and 5-HT (another mechanism for
analgesia).59

OPIOID PHARMACODYNAMICS

The general pharmacodynamic effects of opioids are
summarized in Table 3.3. Effects on the central nervous
system include analgesia, sedation, respiratory depression,
miosis, nausea, and vomiting. No other class of drug has
equivalent efficacy for moderate to severe nociceptive pain.

As well as being antinociceptive, opioids often reduce
the affective components of pain. Nausea and vomiting is a
predictable and significant side effect in many patients,
especially in acute pain when prophylactic antiemetics are
often administered routinely. The mechanism of action is
thought to be stimulation of opioid receptors within the
chemoreceptor trigger zone in the area postrema of the
medulla. However, effects on the gastrointestinal tract (e.g.
delayed gastric emptying, altered intestinal tone and
motility) and vestibular function probably play a signifi-
cant role as well.

Euphoria is often reported but dysphoria may occur,
particularly with k agonists. Morphine and most m and k
agonists cause constriction of the pupil by an excitatory
action on the parasympathetic nerve innervating the
pupil.60

Table 3.2 Classification of opioid drugs.

Traditional Structural Functional

Strong Morphinans Pure agonists

Morphine, diamorphine, fentanyl Morphine, codeine Morphine, fentanyl

Intermediate Phenylperidines Partial agonists

Partial agonists, mixed agonist–antagonist Pethidine, fentanyl Buprenorphine

Weak Diphenylpropylamines Agonist–antagonist

Codeine Methadone, dextropropoxyphene Pentazocine, nalbuphine, butorphanol

Esters Mixed action

Remifentanil Pethidine, tramadol

Pethidine (meperidine).
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Inhibition of the brain stem respiratory centers causes
respiratory depression; both respiratory rate and tidal
volume are reduced.60 However, respiratory rate is often a
poor indicator of the degree of opioid-induced respiratory
depression. The effect of opioids on respiratory function is
profound; some effects are discernible even with doses too
small to disturb consciousness. There may be periods of
prolonged apnea and upper respiratory tract obstruction,
particularly during sleep. The respiratory center becomes
less responsive to carbon dioxide,60 and the carbon diox-
ide response curve is shifted to the right and the slope is
decreased. Opioids also inhibit the respiratory response to
hypoxemia – a particularly important issue in the post-
operative patient. Opioid toxicity is an important cause of
hypoxemia and impaired consciousness levels in the acute
pain situation.

Standard doses of opioids have little effect on blood
pressure, heart rate, and rhythm in reasonably fit supine
patients. However, they are associated with peripheral
vasodilatation, decreased peripheral resistance, and baro-
receptor inhibition. Therefore, hypotension may occur
on rising from the supine position.60 Intravenous

administration is most often associated with signifi-
cant hypotension, particularly if blood pressure is depen-
dent on a high sympathetic tone or if cardiac reserve is
poor.60 Bradycardia is common, especially after large
doses.

Opioids reduce the rate of gastric emptying sig-
nificantly, interfering with fluid and solid intake and the
absorption of orally administered drugs. Intestinal tone is
increased and propulsive contractions are reduced,61

resulting in constipation; this is often the limiting factor
when opioids are used for chronic pain. Biliary, pan-
creatic, and intestinal secretions are reduced and food
digestion in the small intestine is inhibited.61 Pressure
within the biliary tract is increased owing to an increase
in the tone of the sphincter of Oddi, an effect which may
be prolonged.61

Therapeutic doses of morphine increase the tone and
amplitude of ureteric contractions but the clinical signifi-
cance of this is uncertain.60 Inhibition of the voiding
reflex and increased tone in the detrusor and external
sphincter of the bladder may cause urinary retention.62

Kappa stimulation is associated with polyuria, which can
be clinically significant.

Opioid administration is often associated with dilata-
tion of cutaneous blood vessels and flushing of the
neck, face, and thorax.60 In part, this is due to the release
of histamine; it is a particular property of morphine
and pethidine, especially when given intravenously.
Histamine release is also thought to account for urticaria
commonly seen at the site of injection. This is not
mediated by opioid receptors and is not prevented by
naloxone. Pruritus is a recognized complication of acute
opioid therapy, particularly after neuraxial administration.
This is not likely to be due to histamine release as it
is reversed by naloxone.63 Other systems may be invol-
ved in its etiology including dopamine D2 and sereto-
nin receptors, prostaglandins, and spinal inhibitory
pathways.64

Rapid intravenous administration of large doses of
opioids can cause muscular rigidity, which may interfere
with attempts at manual ventilation during anesthesia or
resuscitation.65 The precise cause of this is uncertain, but
it can be alleviated by muscle relaxants administered
by those trained in advanced airway management, e.g.
anesthesiologists.

Hyperalgesia is a recognized symptom during opioid
withdrawal. However, recent work has suggested that,
paradoxically, opioids may themselves cause hypersensi-
tivity to pain, i.e. opioid-induced hyperalgesia. This con-
cept has arisen from a considerable amount of animal
work and some human studies in patients receiving
chronic opioid therapy, patients undergoing surgery, and
volunteers in laboratory pain models. It is particularly
associated with the use of high and very low doses of
opioids. The literature on this complex subject has been
well reviewed recently by Angst and Clark.66 With respect
to acute clinical pain, a few studies have shown that the

Table 3.3 Opioid pharmacodynamics.

System

Central nervous system Analgesia

Influence-affective dimensions of

pain

Nausea and vomiting

Sedation

Euphoria

Miosis

Dysphoria (particularly k)
Loss of REM sleep

Tolerance

Physical dependence

Respiratory (not k) Decreased tidal volume

Decreased respiratory rate

Right shift CO2 response curve

Upper respiratory tract obstruction

Decreased response to hypoxemia

Synergy with general anesthetic

agents

Cardiovascular system Bradycardia

Hypotension

Gastrointestinal Reduced gastric emptying

Increased intestinal transit time

Reduced intestinal propulsive

contractions

Increased intestinal tone

Increased tone of sphincter of Oddi

Urogenital tract Inhibition of voiding reflex

Increased detrusor muscle tone

Polyuria (k only)
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use of high-dose intraoperative opioids may lead to
increased postoperative pain and opioid consumption. It
is not clear if this represents opioid-induced hyperalgesia
or acute opioid tolerance. Considerably more work is
required before the clinical relevance of this phenomenon
is clarified and whether it should influence the use of
opioids in the acute pain situation.

PHARMACOKINETICS OF OPIOIDS

Oral bioavailability

The oral bioavailability of commonly used opioids varies
but tends to be poor (Table 3.4). Methadone is an
exception (approximately 80 percent); this opioid is not
suitable for the treatment of acute pain because of its
prolonged half-life (see below under Half-life and volume
of distribution). However, patients may present with acute
pain who are taking regular methadone because of chronic
pain or opioid addiction. Oral opioids can be used
effectively in some acute pain situations if they are titrated
to effect and gastric emptying is not inhibited.

Half-life and volume of distribution

Half-life (T1/2) is a consequence of clearance (Cl) and
volume of distribution (Vd), as given by the equation:

T1=2 ¼ loge 2� Vd=Cl

Most opioids have a large volume of distribution and
many have similar half-lives (Table 3.5).

Remifentanil and alfentanil have relatively small
volumes of distribution but are not used frequently for
relief of acute pain. The rapid clearance and the small
volume of distribution of remifentanil is responsible for
its very short half-life.67 Methadone has a low clearance

and a large volume of distribution, resulting in a very
prolonged half-life.68 Duration of action is often related
to half-life, but not if the opioid has a pharmacologically
active metabolite (e.g. morphine, tramadol, codeine), has
a relatively high receptor affinity (e.g. buprenorphine), or
tends to accumulate in peripheral compartments.

Context-sensitive half-time

When terminating an infusion of a drug, the time taken
for the plasma concentration to fall by 50 percent is
known as the context-sensitive half-time or half-life.
Context refers to the duration of the infusion. Many
opioids accumulate in peripheral tissues during infusion
so that, when the infusion is stopped, drug continues to be
released into the blood, thus reducing the expected rate of
fall of blood concentration and pharmacological effect.
For example, the time necessary for the plasma concen-
tration of fentanyl to drop by 50 percent is very much
dependent on the duration of the infusion; this is due to
its high lipid solubility and large volume of distribution.
The context-sensitive half-time of sufentanil is less affected
by duration of infusion compared with fentanyl. Alfentanil
shows this effect, but less so than sufentanil and fentanyl.
In contrast, the context-sensitive half-time of remifentanil
is largely independent of the duration of the infusion.
The context-sensitive half-times after a three-hour infu-
sion of alfentanil and remifentanil is approximately 55
minutes and 3 minutes, respectively.69, 70 Remifentanil
does not accumulate because of rapid metabolism by tis-
sue esterases.

VARIABILITY IN PHARMACOKINETICS AND
PHARMACODYNAMICS

In general, there is a large variation between individuals
with respect to opioid pharmacokinetics and pharmaco-
dynamics; it should be emphasized that the pharmacoki-
netic values given in Table 3.5 represent mean values. For
example, the elimination half-life of morphine in a group
of normal volunteers varied from 101 to 442 minutes.71

Considerable variation is also observed in pharmacody-
namic parameters. For example, the minimum effective
analgesic plasma concentrations of pethidine in patients
after surgery ranged from 0.24 to 0.76 mg/mL.72 Some, but
not all, of the variability of opioid pharmacological values
has been shown to be related to coexisting pathology,73

age,74 and sex.75 The possible role of receptor gene poly-
morphisms is discussed under Opioid receptors above.
This variability, and the narrow therapeutic index of all
opioids, is responsible for the need for close observation
and titration of dose to effect in each patient and the
development of techniques such as patient-controlled
analgesia.

Table 3.4 Approximate oral bioavailabilities of commonly used

opioids.

Oral bioavailability (%)

Morphine 25

Pethidine 52

Codeine 50

Oxycodone 60

Hydromorphone 25

Tramadol 75

Methadone 80

Nalbuphine 16

Pentazocine 47

Buprenorphine 30a

aAfter sublingual administration.
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PHARMACOLOGY OF COMMONLY USED
OPIOIDS

Full agonists

MORPHINE

Morphine (Morpheus, the Greek god of dreams) is still
the most commonly used opioid for acute pain; it
remains the gold standard with which other opioids are
compared. Opium contains morphine 9–17 percent, and
it was first isolated from this source in 1806. It was first
synthesized in 1952.

Morphine is commonly administered intramuscularly,
intravenously, or orally (bioavailability approximately 25
percent); it can also be administered per rectum and into
the epidural space or spinal cerebrospinal fluid (CSF).
Unlike most other opioids, it is relatively water soluble.
Metabolism is by hepatic conjugation and its major
metabolites are morphine-3-glucuronide (M3G) and
morphine-6-glucuronide (M6G), which are excreted in
the urine.61 Small amounts of normorphine are produced
by demethylation. Although morphine is relatively selec-
tive for m-receptors, it does have activity at the k- and
d-receptors, particularly in large doses. The half-life of
morphine is about two to three hours.

M6G is a full agonist at the m opioid receptor and
accumulates if renal function is impaired. Initial work
indicated that it was a potent analgesic and possibly
associated with less respiratory depression and emesis
compared with morphine.76, 77 These and other data gave
rise to several studies and investigations in order to
identify the potential use of M6G for acute and chronic
pain. This work is reviewed by van Dorp et al.78 Early
clinical studies have shown a prolonged, well-tolerated,

relatively delayed analgesic effect with a similar inhibitory
effect on the carbon dioxide response curve. However,
M6G may have a reduced effect on the ventilatory
response to hypoxemia. In addition, there is some evi-
dence confirming a reduced association with nausea and
vomiting. It is still early days in the development of this
compound and further work is ongoing. The literature is
inconsistent at present with respect to relative potency of
M6G and morphine.

The main metabolite of morphine (M3G) is a mild
opioid antagonist.79 Therefore, it is postulated that accu-
mulation of M3G may reduce the efficacy of morphine
administration and gives some theoretical basis for chan-
ging to another opioid if this occurs. There is some evi-
dence that M3G has excitatory effects, but this is not
substantial.

DIAMORPHINE

Diamorphine (3,6-diacetyl morphine, heroin) is a semisyn-
thetic opioid with no activity at the m-receptor.80 It is
converted rapidly to the active metabolite 6-monoacetyl
morphine (6-MAM), which is metabolized further to mor-
phine. These metabolites are responsible for the pharma-
cological actions of heroin.81 It is likely that there are no
significant differences in the pharmacodynamics of diamor-
phine compared with morphine when used for acute pain,82

despite the common belief that diamorphine is associated
with more euphoria and less nausea and vomiting. Diamor-
phine is used therapeutically in only a few countries.

Diamorphine can also be given intrathecally and epi-
durally. For example, diamorphine 0.25mg intrathecally
has been shown to produce the same duration and quality
of postoperative analgesia as 5mg of epidural diamor-
phine for elective cesarean section.83

Table 3.5 Approximate pharmacokinetic values of commonly used opioids.

Volume of distribution
(L/kg)

Clearance (mL/min/kg) Elimination half-life
(hours)

Morphine 3.5 15.0 3.0

Pethidine 4.0 12.0 4.0

Codeine 2.6 11.0 2.9

Oxycodone 2.6 9.7 3.7

Hydromorphone 4.1 22.0 3.1

Fentanyl 4.0 13.0 3.5

Alfentanil 0.8 6.0 1.6

Sufentanil 1.7 12.7 2.7

Remifentanil 0.4 40.0 0.1

Tramadol 2.9 6.0 7.0

Methadone 3.8 1.4 35.0

Nalbuphine 3.8 22.0 2.3

Pentazocine 7.1 17.0 4.6

Buprenorphine 7.0 70.0 2.5

Pethidine (meperidine).
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CODEINE

Codeine (3-methoxy morphine) has an oral bioavailability
of approximately 50 percent. Like diamorphine, it is a
prodrug. It is metabolized in the liver primarily by
glucuronidation and also by N-demethylation to norco-
deine.60 However, approximately 10 percent is metabo-
lized to morphine by O-demethylation, and it is this
activity which accounts for the analgesic effects of codeine
because codeine itself has a low affinity for opioid recep-
tors. The polymorphic CYP2D6 enzyme is responsible for
this transformation and it is absent in some individuals
(e.g. 7 percent of the white population), suggesting that
these patients will derive no benefit84 from codeine.
Heterozygotes may have a reduced response. The inci-
dence of poor and intermediate metabolizers in a British
pediatric population was 47 percent.85

OXYCODONE

Oxycodone (14-hydroxy-7,8-dihydrocodeinone) is a full
opioid agonist with a half-life of 2.6 hours. It is a semisyn-
thetic derivative of thebaine. It may be given intramus-
cularly, intravenously, subcutaneously, orally, or rectally.
Oxycodone is more bioavailable (60 percent) than mor-
phine (25 percent) when given orally.86 A high proportion
of oxycodone is N-dealkylated to noroxycodone during
the first pass, and approximately 8–14 percent of the
dose is excreted as free oxycodone over 24 hours after
administration.86

The affinity of oxycodone for the m-receptor is 1:10 to
1:40 of that of morphine and four times that of pethi-
dine.87 In analgesic efficacy88 and addictive potential,89 it
is similar to that of morphine.

HYDROMORPHONE

Hydromorphone is a semisynthetic opioid used primarily
for the treatment of pain in cancer,90 but it may have a
place for acute pain. It is a hydrogenated ketone analog of
morphine and is an effective alternative to morphine in
the treatment of moderate to severe pain.91

It can be administered intravenously, orally, and rect-
ally.90 Hydromorphone is five times as potent as morphine
when given by the oral route and 8.5 times as potent when
given intravenously,90 with a similar duration of action.
The liver is the principal site of metabolism. In contrast to
morphine, the 6-glucuronide metabolite is not produced
in any significant amount; the major metabolite being
hydromorphone-3-glucuronide. Some metabolites are
active but they are present in such small amounts that they
are unlikely to have significant effects, except perhaps in
renal failure.92

FENTANYL

Fentanyl is approximately 100 times more potent than
morphine60 and is primarily a m agonist. Metabolism is by

N-dealkylation to the inactive norfentanyl and then to
other inactive compounds, which are excreted in urine.93 It
was one of the first opioids developed specifically for use in
anesthesia because of its relatively rapid, but short, dura-
tion of action.94 High doses of fentanyl produce marked
muscular rigidity, possibly as a result of the effects of
opioids on dopaminergic transmission in the striatum.95

Fentanyl is very lipid soluble, has a low molecular
weight, and is highly potent. These properties make it very
suitable for transdermal administration, a technique
which is used extensively for the management of chronic
pain.96 Time from application to minimum effective and
maximum plasma concentrations is 1.2–40 and 12–48
hours, respectively.97 Steady state is reached on the third
day and the terminal half-life after removal of the patch is
13–25 hours.98 These properties of the standard trans-
dermal device make it unsuitable for acute pain and its use
is not recommended.

However, transdermal administration of fentanyl uti-
lizing iontophoresis is now available for acute pain man-
agement. Ionized molecules of fentanyl are transported
along a potential difference into the skin and circulation
when a button is pressed on the device which delivers a
pulse of electrical current. This results in a relatively rapid
bolus administration of fentanyl to the bloodstream and
the technique is not associated with the accumulation of a
fentanyl depot within the skin.99 Clinical data are now
becoming available; for example, the fentanyl ionto-
phoretic transdermal system has been shown to be com-
parable with morphine patient-controlled analgesia for
postoperative pain relief.100

Fentanyl has been used for intravenous patient-
controlled analgesia (PCA).101 It has also been administe-
red as a lollipop preparation in children.102

ALFENTANIL

Alfentanil is less potent than fentanyl, but its half-life
is shorter.93 It is metabolized by N-dealkylation and
O-demethylation to inactive metabolites.93 Alfentanil is
more rapid in onset than fentanyl, despite being less lipid
soluble.103 This is because 89 percent of the unbound
drug in plasma is unionized, thus generating a large con-
centration gradient for diffusion across the blood–brain
barrier. Although the half-life of alfentanil after bolus
administration is short, the drug accumulates during
infusion and the plasma half-life increases with duration
of infusion.104

SUFENTANIL

Sufentanil is an analog of fentanyl and has been used for
anesthesia and postoperative analgesia.104 It is specific for
the m-receptor site105 and its half-life is 2.7 hours. It
is highly lipophilic and is rapidly distributed throughout
the tissues.104 It is metabolized by dealkylation and
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demethylation to inactive metabolites and is eliminated in
the urine.105

REMIFENTANIL

Remifentanil is a m-opioid receptor agonist with an
analgesic potency similar to that of fentanyl.106 It is a
fentanyl derivative which is broken down by blood and
tissue esterases.106 Its speed of onset is similar to that of
alfentanil.107 It has a short and predictable half-life which
is not affected by hepatic or renal function108 or plasma
cholinesterase (butyrylcholinesterase or pseudocholines-
terase) deficiency. The main metabolic product of ester
hydrolysis is a carboxylic acid derivative (GI-90291) which
is excreted by the kidneys (elimination half-life approxi-
mately 100 minutes).109 Although its elimination is
delayed in renal failure, significant pharmacological effects
are unlikely as its potency relative to remifentanil is only
0.1–0.3 percent.110

Unlike all other opioids, the plasma half-life of remifen-
tanil (approximately five minutes) is independent of the
duration of infusion – no matter how long. Its short half-
life offers some advantages, but makes it difficult to use for
acute pain relief and bolus administration is not recom-
mended. However, remifentanil infusions which are con-
trolled by patient feedback systems similar to PCA (i.e.
patient-controlled infusions) are now being utilized in
some centers There is a paucity of data in the literature on
the efficacy and safety of this technique, but some have
demonstrated good pain relief after surgery111, 112 and
during labor.113 Patients receiving postoperative remifen-
tanil infusions should be monitored very closely and care
should be taken to avoid inadvertent bolus administration.

METHADONE

Methadone is a synthetic opioid used commonly as a
maintenance drug for opioid addicts, but it is being used
increasingly for cancer pain. It is rapidly absorbed after
oral administration with measurable concentrations in
plasma within 30 minutes after oral administration,114 and
its oral bioavailability is approximately 80 percent.115 It is
extensively metabolized in the liver to inactive metabolites
via N-demethylation.115 It has a relatively high lipid solu-
bility and is highly protein bound (a1-acid glycoprotein).

The duration of action of a single dose is similar to that
of morphine. However, this is entirely the result of redis-
tribution.116 The elimination half-life of methadone is
20–45 hours and, with regular administration, steady-state
plasma concentration may not be reached for ten days.117

There is some suggestion that the analgesic efficacy of
methadone is greater than that of morphine, particularly
in some patients with cancer pain. It is postulated that this
may be due to activity at the N-methyl-D-aspartate
(NMDA) receptor.118, 119

Methadone is not suitable for the treatment of acute
pain. However, many patients presenting with an acute

exacerbation of chronic pain will be taking this drug, and
an appreciation of its unique pharmacology is essential
for good and safe management.

Partial agonists

BUPRENORPHINE

Buprenorphine is a semisynthetic derivative of thebaine
and closely related chemically to the pure agonist etor-
phine.120 However, buprenorphine is a partial m-agonist
with less analgesic efficacy and respiratory depression than
the full agonists.

Buprenorphine is 30 times more potent than morphine
and, despite being a partial agonist only, its receptor
affinity is high.121 This means that it dissociates from the
receptor very slowly.122 Thus, peak effect after adminis-
tration may be as long as three hours, with a duration of
action of approximately ten hours. In theory, a partial
agonist may stimulate the receptor sufficiently to produce
analgesia but not enough for respiratory depression, with
less potential for abuse.123 However, respiratory depres-
sion can occur with buprenorphine; if it does occur, it may
be difficult to reverse with naloxone alone because of
receptor kinetics.124 For this reason, it is not recommen-
ded in labor as its effects on the fetus cannot be readily
reversed.125

Buprenorphine can be given intramuscularly, intra-
venously, sublingually, and transdermally.126 It is generally
accepted that buprenorphine is not as effective as mor-
phine for acute pain and it is not devoid of other opioid
side effects, such as constipation and nausea and vomi-
ting.124 In theory, because of its high receptor affinity and
partial agonist activity, it may reduce the efficacy of
coadministered pure opioid agonists. It may precipitate
physical withdrawal symptoms when given to opioid-
dependent patients.125 The transdermal preparation has
recently become available for chronic pain; it is not indi-
cated for the treatment of acute pain.

Mixed agonist–antagonist opioids

Drugs in this class include pentazocine, butorphanol, and
nalbuphine. They act as partial agonists at the k-receptor
and weak antagonists at the m-receptor.120 Consequently,
they may cause withdrawal symptoms in patients tolerant
to other opioids.

Pentazocine is one-sixth as potent as morphine, nal-
buphine is slightly less potent than morphine, and
butorphanol is between five and nine times as potent.120

The duration of analgesia is similar to that of morphine
(three to four hours).127 In terms of analgesia, mixed
agonist–antagonist opioids are not as efficacious as pure m
agonists, but have less effect on respiratory function and
there is less risk of abuse.127 Unlike morphine, there
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appears to be a ceiling to both the respiratory depression
and analgesic action.120 However, dysphoria (k-receptor)
and nausea are relatively common side effects.

Although useful in some patients, the pharmacological
properties of this class of opioids are responsible for the
fact that they have found little use in the routine treatment
of severe acute pain. Several new k-agonists have been
developed and tested recently, but they have been asso-
ciated with limited analgesia and unpleasant side effects.

Opioids with actions on other systems

PETHIDINE

Pethidine (meperidine; bioavailability 52 percent, half-life
four hours) was discovered in 1939 during a search for
atropine-like compounds.128 Its use as a treatment for
asthma was abandoned when its opioid agonist properties
were appreciated. It is primarily a m agonist and exerts it
chief pharmacological actions on the CNS and the neural
elements in the bowel. In general, 75–100mg given paren-
terally is approximately equivalent to 10mg of morphine.

Pethidine is metabolized in the liver by hydrolysis to
several inactive compounds and by N-demethylation to
norpethidine (normeperidine).60 Norpethidine causes
central excitation and, eventually, convulsions, particularly
after prolonged, high-dose administration. These effects
have been reported in patients receiving pethidine by PCA.
Patients with liver impairment are particularly sensitive to
pethidine: its oral bioavailability is increased to as much as
80 percent, and the half-lives of both pethidine and nor-
pethidine are prolonged. Pethidine is contraindicated in
patients taking monoamine oxidase inhibitors.65

Pethidine has two further specific pharmacological
actions. It is an anticholinergic agent, presumably because
of its structural similarity to atropine. Furthermore,
pethidine has a local anesthetic effect; its use as a spinal
anesthetic has been reported for a number of surgical
procedures.129

TRAMADOL

Tramadol is presented as a mixture of two stereoisomers
(1)tramadol and (–)tramadol.130 It is a centrally acting
analgesic with relatively weak m opioid receptor activity.
However, it also inhibits norepinephrine and 5-HTuptake
within the nervous sytem,131 which is thought to account
for some of its analgesic activity.

It is extensively metabolized by O- and N-demethyla-
tion, glucuronidation, and sulfation.132O-desmethyltrama-
dol production is dependent on the cytochrome CYP2D6
(see above under Codeine); it is an active m-agonist with a
greater receptor affinity than the parent molecule.
Advantages over traditional opioids are reduced likelihood
of tolerance and addiction and less respiratory depression.
It is less efficacious than morphine for postoperative pain

and has a significant incidence of nausea. Other side effects
include vomiting, dizziness, sedation (less than morphine),
dry mouth, sweating, and headache.133

TOLERANCE, DEPENDENCE, AND ADDICTION

The fear of healthcare staff and patients about opioid
addiction following treatment of acute pain has been, and
continues to be, responsible for their reluctance to admi-
nister or request appropriate amounts of opioids. Those
involved in the management of acute pain should
understand the precise definitions and clinical relevance of
tolerance, dependence, and addiction.

Tolerance

Tolerance is a common response to the repetitive use of a
drug acting at a receptor. It can be defined as a reduction in
response to the same dose of drug after repeated adminis-
tration. Tolerance occurs in a number of clinical situations
and is not specific to opioids. It is a normal pharmacolo-
gical phenomenon and does not indicate addiction.

Dependence

Dependence is a state in which an abstinence syndrome
may occur following abrupt withdrawal, reduction in
dose, or administration of an antagonist. Again, this can
be associated with a number of drugs, but is common
during prolonged opioid use. This complication simply
means that, if a patient has been receiving an opioid for
some time for severe pain, the opioid should be with-
drawn slowly and in a controlled manner. It does not
mean that the patient has become a drug addict.

Addiction

Addiction is defined as a behavioral pattern of drug use,
characterized by compulsive self-administration on a
continuous or periodic basis in order to experience its
psychic effects and sometimes to avoid discomfort of its
absence, often securing supply by deceptive or illegal
means. The development of addiction is extremely rare in
patients receiving opioids for severe acute pain; it should
not limit their use for this indication.
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KEY LEARNING POINTS

� Nonsteroidal anti-inflammatory drugs (NSAIDs) are

highly effective analgesics for moderate to severe pain.
� Co-administration of NSAIDs and opioids is more

appropriate for severe pain, with opioid sparing and

potential for reduction in opioid-related adverse effects.
� Non-selective NSAIDs and cyclooxygenase (COX)-2

inhibitors have similar analgesic efficacy.
� There are many cautionary considerations to be made

before prescribing NSAIDs, especially in the elderly and

in the postoperative period.
� Safety considerations with short-term use after major

trauma or surgery are different from those that apply to

chronic administration.

� The neurohumoral stress response to major surgery or

trauma makes renal function more prostaglandin

dependent and thus more influenced by NSAIDs.
� Nonselective NSAIDs can increase the risk of bleeding.
� Co-administration of aspirin increases the

gastrointestinal (GI) toxicity of nonselective NSAIDs,

negates any gastrointestinal advantage of COX-2

inhibitors, and does not prevent increased

cardiovascular morbidity.
� Traditional NSAIDs may cause similar increase in

cardiovascular morbidity to COX-2 inhibitors.
� Ibuprofen may impede the cardioprotection of low-dose

aspirin.

INTRODUCTION

The most commonly used nonopioid drugs for acute pain
therapy are the NSAIDs and paracetamol (see Chapter 5,
Clinical pharmacology: paracetamol and compound
analgesics). The long history of use, relative paucity of
serious adverse events with short-term use, and lack of
tolerance or abuse potential make them comfortable
choices for most physicians. Considering the widely

differing chemical structures, it is perhaps the similarity of
their effects that is the most remarkable.

TERMINOLOGY

No formal nomenclature exists for the various divisions
within this class of drug. In this review, the term ‘‘NSAID’’
is used to describe any nonsteroidal anti-inflammatory



drug acting through COX inhibition. It thus includes
selective COX-2 inhibitors and full-dose aspirin, but
excludes low-dose aspirin and paracetamol. The term
‘‘COX-2 inhibitor’’ implies moderate to high selectivity
with little or no activity on the COX-1 enzyme.

INDICATIONS

NSAIDs have analgesic, anti-inflammatory, and anti-
pyretic properties. They are indicated in the relief of mild
to moderate pain associated with injury, inflammation or
malignancy in skin, ligaments, muscles or bone, post-
operative pain, dysmenorrhea, headache, and renal or
biliary colic. They can be used in conjunction with opioids
for more severe pain. With the exception of aspirin and
other salicylates, they are also used to treat acute gouty
arthritis.

MECHANISMS OF ACTION

The cell is the basic building block of mammalian tissues.
Through the action of the enzyme phospholipase-A2, the
phospholipids within the cell membranes release arachi-
donic acid, which serves as the substrate for the ubiqui-
tous COX enzymes, generating a variety of biologically
active metabolites throughout the body. These throm-
boxanes (from platelets) and prostaglandins exert diverse
and often mutually opposing influences on local cellular
function (Table 4.1). The principal actions of NSAIDs are
through inhibition of COX and the consequences are seen
in many organ systems. Arachidonic acid may alternatively
be metabolized via the lipoxygenase pathway to produce
proinflammatory leukotrienes (from leukocytes). There is
an obligatory facilitation of this pathway associated with
nonselective NSAIDs due to substrate diversion, though
this is less significant with selective COX-2 inhibition as
the COX-1 pathway remains intact. Two isoenzymes have
been identified with certainty; the existence of a third
(COX-3) remains controversial.1

In general, COX-1 is the ‘‘constitutive’’ or ‘‘house-
keeping’’ enzyme producing prostaglandins responsible
for many homeostatic functions, whereas the ‘‘inducible’’
COX-2 mediates the vascular response to inflammation
and sensitizes nociceptors to the action of bradykinin, thus

increasing the sensation of pain through the phenomenon
of peripheral hyperalgesia (Chapter 1b, Mechanisms of
inflammatory hyperalgesia). However, COX-2 is now also
recognized to have low level constitutive expression in
many tissues including the central nervous system (CNS),
lung, female reproductive tract, and kidneys. COX-2,
induced in the vascular endothelium by hemodynamic
shear forces and atheromatous inflammatory processes, is
responsible for much of the local prostacyclin synthesis.

The COX-2 enzyme differs structurally from COX-1 in
having a smaller amino acid (valine) at position 523,
permitting access to a side pocket and thereby accom-
modating the larger COX-2 inhibitors. Corticosteroids
stimulate lipocortin which inhibits phospholipase A2, thus
limiting arachidonic acid release. In addition, they also
inhibit transcription of COX-2 RNA. The arachidonic acid
cascade is described in detail in standard pharmacology
texts.2

General pharmacology of NSAIDs

ABSORPTION

Absorption of NSAIDs is rapid and almost complete. It
occurs primarily in the upper small intestine and, to a
lesser extent, from the stomach. Food intake or gastrostasis
associated with acute pain can delay the delivery of drug to
the small intestine leading to slower onset of analgesia.
However, absorption can occur across any mucous mem-
brane, therefore several NSAIDs (and paracetamol) can be
given in suppository form. Salt forms of the NSAIDs
generally have faster absorption profiles than the poorly
soluble acid forms.3 Consequently, many oral NSAIDs are
prepared as the sodium or potassium salts. Diclofenac
potassium was developed for faster onset in migraine pain
and naproxen sodium was developed as an improvement
over the acidic form.4

DISTRIBUTION

NSAIDs (or their active metabolites) are generally weak
acids (pKa 3–5), or salts thereof, and are fully ionized at
physiological pH (7.4). Ion trapping of NSAID molecules
occurs in inflamed synovium, injured tissue, the gastro-
intestinal tract, the kidney, or the bone marrow, and may

Table 4.1 Main actions of principal eicosanoids.

Eicosanoid Action

PGE2 Hyperalgesia, vasodilatation, production of cytoprotective gastric mucus, decreased gastric acid synthesis, pyrexia

PGI2 Hyperalgesia, vasodilatation, inhibition of platelet aggregation, production of cytoprotective gastric mucus, renin

release, natriuresis

PGF2a Bronchoconstriction, uterine contraction

TXA2 Vasoconstriction, platelet aggregation
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prolong their duration of action in these areas.5 They have
a low apparent volume of distribution, predominantly
reflecting a high degree of binding to plasma proteins (see
below under Protein binding).

PROTEIN BINDING

Most NSAIDs are 498 percent bound to plasma proteins,
except for piroxicam, salicylates, and paracetamol, which
are o20 percent bound.6 Extensive protein binding, with
consequent reduction in free active drug, is problematic in
patients with hypoalbuminemia (o30 g/dL) combined
with liver insufficiency, or where renal insufficiency (serum
creatinine 420mg/L) is present. A lower than usual initial
dose should be given to these patients and careful follow
up scheduled. Even at normal plasma protein concentra-
tions, extensive protein binding accounts for many
drug–drug interactions as NSAIDs can displace other
agents from plasma proteins, e.g. warfarin.

Metabolism and elimination

NSAIDs are extensively metabolized in the liver, resulting
in inactivation.6 One exception is nabumetone, which is
activated by hepatic metabolism.7 NSAID clearance is
dependent upon protein binding and not hepatic blood
flow. Aspirin and diclofenac have a high first-pass clear-
ance resulting in bioavailability of 60 and 54 percent,
respectively.6

NSAIDs that are metabolized to inactive acyl glucu-
ronides (e.g. ketoprofen, diflunisal, indometacin (indo-
methacin), naproxen) are normally eliminated by the
kidney.6, 8, 9, 10 However, a reduction in renal function can
result in accumulation of these conjugates leading to a
‘‘futile cycle’’ in which the glucuronide metabolites are
hydrolyzed in the vascular compartment back to active
drug.11 This reactivation is especially important in the
elderly, in whom reduced renal function can lead to
increased levels of glucuronides.9 The renal excretion of
unmetabolized NSAID is generally not a major pathway of
elimination (even when the urine is alkaline), except for
azapropazone (apazone), and salicylates. Small increases in
urinary pH that can occur with antacid therapy can sig-
nificantly lower the plasma concentrations of salicylates.

ANALGESIC EFFICACY AND THERAPEUTIC
BENEFITS

NSAIDs are effective analgesics in a variety of acute pain
conditions, including low back pain, renal colic,12[I]
dysmenorrhea,13[I] tension headache,14[II] and surgery14

[I], 15[V] They are superior to opioids for treating biliary
colic and may prevent the progression to cholecystitis.14

[II] Comparative studies in postoperative pain found that

maximal recommended doses of NSAIDs are comparable
with standard, though not necessarily full, therapeutic
doses of opioids. However, NSAIDs have a ceiling of
analgesic efficacy and increasing the dose adds to adverse
effects, rather than pain relief. COX-2 inhibitors achieve
this maximal efficacy with less inhibition of COX-1, but
they are not significantly more efficacious.16[I]

Multimodal pain therapy using NSAIDs and opioids
has been described as near optimal for the management of
mild to moderate pain states.17[V] Numerous studies have
shown NSAIDs improve analgesia, reduce opioid require-
ment, typically by 30–50 percent,18[I], 19 or both. Mor-
phine sparing per se is of limited value and relatively few
studies have shown significant reductions in opioid-related
adverse events.19 It has been suggested that NSAIDs, by
reducing renal excretion of active opioid metabolites, may
simply be prolonging the opioid effect in some situations.20

However, a recent meta-analysis found co-administration
of NSAIDs significantly decreased nausea, vomiting,
and sedation with nonsignificant reductions in pruritus,
urinary retention, and respiratory depression.18[I]

NSAIDs are an important component of day surgical
analgesia and facilitate fast-tracking. The updated US
practice guidelines recommend that ‘‘unless contraindica-
ted, all patients should receive an around-the-clock regi-
men of NSAID, coxib, or paracetamol.’’21[V]

In view of the risks of major adverse events associated
with NSAIDs, it is useful to recognize a number of other
established or putative outcome benefits in the post-
operative setting. Traditional NSAIDs reduce heterotopic
bone formation after certain orthopedic procedures,22[I]
although they are not indicated for routine use following
hip arthroplasty.23[II] A large retrospective cohort study
has shown a 50 percent reduction in the incidence of
postoperative myocardial infarction with ketorolac,24

possibly mediated through the antiplatelet mechanism or
via improved hemodynamics consequent upon better
analgesia.25 Preservation of immune competence via
enhanced natural killer cell activity has been shown26 and
animal studies have shown a reduction in adhesion for-
mation.27 Finally, NSAIDs are an important component of
effective acute pain relief, widely held to be important in
preventing the transition to chronic pain states (Chapter
31, Preventing chronic pain after surgery). Although ear-
lier reviews concluded no significant preemptive or pre-
ventive analgesia,28 two recent studies have shown a
reduction in chronic pain following 5 or 14 days treatment
with celecoxib.29, 30[II]

ADVERSE EFFECTS AND THEIR MANAGEMENT

Gastrointestinal

NSAIDs cause a variety of adverse upper and lower gastro-
intestinal effects including dyspeptic pain, ulceration,
hemorrhage, and perforation. This is primarily due to an
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increase in gastric acid production and inhibition of cyto-
protective mucus production, but impairment of platelet
function also contributes to gastrointestinal hemorrhage.
Gastrointestinal ulcer complications are more likely in
patients with previous gastrointestinal ulceration; the
elderly; patients on corticosteroids, high-dose or multiple
NSAIDs (including low-dose aspirin); substantial users of
alcohol or tobacco; and patients with inherited, patholo-
gical, or iatrogenic impairment of hemostasis. While
dyspeptic symptoms and endoscopic evidence of mucosal
ulceration are common and early, there is little, if any,
increase in severe adverse effects with short-term NSAID
therapy in clinical studies or retrospective cohort studies,
though increases were seen in the elderly, with higher
doses and with therapy exceeding five days.31[III]

Selective COX-2 inhibitors have shown a reduction
in major gastrointestinal adverse events in only a few
studies,32[II], 33[II] possibly as a result of inhibition of
COX-2-mediated ulcer healing. Any reduced gastrointes-
tinal toxicity of COX-2 inhibitors appears to be lost with
concomitant administration of low-dose aspirin.33, 34[V]

Misoprostol, proton pump inhibitors (PPIs), and hista-
mine H2 receptor antagonists (H2RAs) all prevent duode-
nal ulcers, but high doses of H2RAs are required to reduce
the risk of gastric ulceration. Only misoprostol has been
directly shown to reduce ulcer complications,35[I] but it is
less well tolerated. The incidence of dyspeptic symptoms is
lower with a PPI plus traditional NSAID than with a
COX-2 inhibitor.36[I] Avoidance of the oral route does not
eliminate these adverse effects, which are systemically
mediated.14[I] Experimental and clinical data both suggest
that enteric-coated or sustained-release preparations may
reduce gastroduodenal toxicity, but at the expense of
increasing exposure to the distal gut mucosa, where
endoscopic monitoring and diagnosis is more difficult and
complications may be more severe.

Hepatic

Slight elevations in serum transaminases are not uncom-
mon with NSAIDs, especially diclofenac and lumira-
coxib;33 however, a review of epidemiological studies of
acute hepatitis requiring hospital admission suggests the
additional risk from NSAIDs is low and only significantly
associated with nimesulide or sulindac.37[III] Significant
elevation in transaminases (e.g. to three times upper limit
of normal) should prompt drug withdrawal or substitu-
tion. However, there are case reports of recurrent hepatitis
with a second NSAID.38

Renal

Prostaglandins have little effect on renal function under
normal circumstances, but preserve renal blood flow in the
presence of high levels of vasoconstrictors, e.g. hypovole-
mia, congestive heart failure, major surgery. They also

affect intrarenal distribution of perfusion in favor of the
more poorly perfused medulla and facilitate salt and water
excretion. Inhibition by NSAIDs causes edema, exacer-
bates or precipitates hypertension and heart failure (see
below under Cardiovascular), and may cause hypona-
tremia, hyperkalemia, or acute renal failure.39[II]

Despite a large number of case reports of NSAID-
associated postoperative renal failure, there are few
instances of this in prospective studies. A large retro-
spective cohort study found no increased risk with ketor-
olac given for less than five days, but a two-fold increase if
duration of therapy was longer.40[III] A Cochrane analysis
of 19 trials, including 1204 adults with normal pre-
operative renal function, found a mean reduction in
creatinine clearance of 18 percent on the first postoperative
day, but no cases requiring dialysis. The authors con-
cluded, ‘‘NSAIDs caused a clinically unimportant transient
reduction in renal function in the early postoperative
period in patients with normal preoperative renal func-
tion.’’41[I] Judicious patient selection with adequate fluid
replacement and appropriate monitoring are important if
these results are to be replicated in clinical practice.

The risk of renal failure is higher in the elderly, in
hypovolemic or dehydrated patients (including aggressive
diuretic therapy), those with preexisting renal impairment
or medical conditions predisposing to this, for example,
diabetes, peripheral vascular disease, heart failure, cirrhosis
with ascites, co-administration of nephrotoxic drugs
(especially aminoglycosides), ACE inhibitors, radiocontrast
media. Major surgery increases the risk through myo-
cardial depression, fluid shifts, and activation of a vaso-
constrictive neurohumoral stress response. Laparoscopy
may increase the risk through increased intra-abdominal
pressure.42 COX-2 inhibitors and traditional NSAIDs have
similar adverse effects on renal function.43[I]

Asthma

Between 8 and 20 percent of adult asthmatics have a
specific syndrome of aspirin-induced allergy, charac-
terized by rhinitis, nasal polyps, asthma, and aspirin
intolerance.44 There is marked cross-sensitivity to most
traditional NSAIDs,44 but less so to COX-2 inhibitors.14

Patients with documented aspirin-induced asthma toler-
ate supramaximal doses of celecoxib without broncho-
spasm.45[III] COX-2 inhibitors allow metabolism of arachi-
donic acid by COX-1, whereas nonselective inhibitors
increase metabolism through the lipoxygenase pathway.
The safety of COX-2 inhibitors during acute exacerba-
tions is unproven.45

Cardiovascular

Thromboxane, generated by COX-1 within platelets, is
a powerful vasoconstrictor and promoter of platelet
aggregation facilitating hemostasis, but also pathological
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vascular occlusion. On the other hand, prostacyclin, syn-
thesized largely through COX-2, is a vasodilator and
inhibits platelet aggregation, protecting the integrity of the
vascular lumen. Low-dose aspirin (see below under
Hemostasis) exerts a uniquely selective, though incom-
plete inhibition of platelet aggregation, totally blocking
thromboxane synthesis despite near complete preservation
of prostacyclin. Conversely, COX-2 inhibitors preserve
platelet function but inhibit prostacyclin synthesis.
NSAIDs inhibit both. This is the basis for the Fitzgerald
hypothesis explaining the increased incidence of cardio-
vascular morbidity associated initially with rofecoxib, but
increasingly with other COX-2 inhibitors and also tradi-
tional NSAIDs.46[I], 47, 48 However, other mechanisms,
including cardiorenal effects and inhibition of ischemic
preconditioning, may also be involved.49 A meta-analysis
of 145,373 patients in 138 prospective trials has now
shown that regular treatment for four weeks or more
increases the risk of a serious vascular event by 42 percent
for all COX-2 inhibitors (predominantly myocardial
infarction), similar to the increased risk from traditional
nonselective NSAIDs.46[I] Naproxen was not cardiopro-
tective but did not increase the risk.46[I] A US Food and
Drug Administration (FDA) review also concluded a
similar risk with traditional NSAIDs and COX-2 inhibi-
tors.47[V] With respect to postoperative pain manage-
ment, an increased cardiovascular risk from high-dose
parecoxib/valdecoxib was found after coronary artery
bypass grafting,50[II], 51[II] but not after general or
orthopedic surgery.52 Low-dose aspirin by itself is
undoubtedly effective for cardioprotection,47, 53 but does
not prevent the increased risk when used together with
COX-2 inhibitors.33, 50[II], 51[II] There is some evidence
that ketorolac may be cardioprotective postoperatively,24,
25[II] Regulatory authorities have required that COX-2
inhibitors be avoided in patients with established ischemic
heart disease, stroke, or peripheral arterial disease, after
cardiac or major vascular surgery or after other major
surgery in patients with increased cardiovascular risk,34[V]
but concluded that there is otherwise no evidence for
increased cardiovascular morbidity with short-term use
for acute pain.47[V] They should possibly also be avoided
whenever an arterial anastomosis is created, e.g. free tissue
transfer or solid organ transplantation surgery.49[V] The
American Heart Association has suggested naproxen as
the preferred first choice in patients with overt or known
risk factors for ischemic heart disease who require an
NSAID.54[V]

Nonselective NSAIDs increase supine mean blood
pressure by an average of 5mmHg.55[I] COX-2 inhibitors,
especially rofecoxib and etoricoxib, increase blood
pressure more than nonselective agents.56[I], 57[V]
NSAIDs may precipitate or exacerbate congestive heart
failure58 and regulatory restrictions have now been
extended to include moderate (New York Heart Asso-
ciation (NYHA) class II–IV), as well as more severe heart
failure.57[V]

Hemostasis

Because of the inhibition of vasoconstriction and platelet
aggregation, low-dose aspirin and NSAIDs that inhibit
COX-1 increase bleeding times and may increase the risk
of postoperative bleeding,14, 19, 23[II], 59[I], 60[I], 61[II]
though the clinical significance remains controversial. In
two meta-analyses of traditional NSAID administration
for tonsillectomy, an increased risk of reoperation was
found, with a number needed to harm (NNH) of 2959[I]
or 60.60[I] However, a Cochrane review of pediatric ton-
sillectomies found smaller and statistically insignificant
differences.62[1] They should be avoided in patients with a
coagulopathy or where the risk or consequences of
hemorrhage are high, e.g. thyroidectomy, neurosurgery,
possibly in association with epidural analgesia. Platelets do
not express COX-2 and highly selective inhibitors do not
increase the risk of bleeding14[II] and so may be preferable
in these situations. It is controversial whether or when
low-dose aspirin should be discontinued. One must weigh
the strength of the indication against the risk and conse-
quence of hemorrhage. Although platelets remain inhibi-
ted for their lifespan of 10–12 days, fresh platelets are
produced at the rate of approximately 35,000 per micro-
liter per day and volunteer studies suggest substantially
complete recovery of platelet function two to six days
after stopping aspirin.63, 64, 65 However, there are ‘‘hyper-
responders’’ in whom hemostasis may remain impaired.
The situation is further complicated by concerns about
an increased propensity for thrombotic events in the days
following cessation.66 When starting aspirin acutely,
complete platelet inhibition occurred in seven of ten
subjects within 15 minutes, and in all subjects within 30
minutes of chewing a 325-mg enteric coated tablet.64[III]

Central nervous system

Central adverse events of NSAIDs are not usually recog-
nized, but can include dizziness and drowsiness as well as
changes in mood, cognition, and perception.67, 68, 69 They
tend to be mild, but may be significant in the elderly.
Psychosis has been reported with indometacin, sulindac,
and the COX-2 inhibitors.69 Aseptic meningitis has been
reported, most commonly in young women with systemic
lupus erythematosus who have had ibuprofen therapy
reinstituted after a hiatus.67

Tissue healing

Prostaglandins facilitate bone remodelling through enha-
nced osteoblastic and osteoclastic activity,70, 71 though the
clinical significance of this is controversial. A retrospective
study suggested that high-dose ketorolac therapy increa-
ses nonunion after spinal fusion, especially in cigarette
smokers.72
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Prostaglandins synthesized in injured tissue stimulate
angiogenesis and other components of wound healing.71

There are theoretical concerns supported by animal studies
of impaired wound healing, though most clinical studies
and extensive databases have not identified a major pro-
blem with either wound healing or anastomotic dehis-
cence. An increase in sternal wound complications was
found (parecoxib/valdecoxib) in two CABG studies.50, 51

[II] Piroxicam reduced the quality of pleurodesis in an
animal study.73

Immunological

The anti-inflammatory action of NSAIDs is due in part to
an inhibition of the infiltration of leukocytes into inflamed
tissue. However, this mechanism may impair the response
to soft tissue infections and NSAID therapy has been
inconclusively linked to soft tissue infections, such as
necrotizing fasciitis.74 NSAIDs may enhance cell-mediated
immunity.26

Miscellaneous

Occasional severe allergic reactions may occur, including
Stevens–Johnson syndrome, Lyell syndrome, and shock.
Aplastic anemia has been reported, most frequently with
phenylbutazone and metamizole (dipyrone).

Special patient groups

CHILDREN

Not all preparations are licenced for use in children.
NSAIDs are generally well tolerated, even in asthmatics.75

[III] Aspirin should be avoided below the age of 12 years
because of the risk of Reye’s syndrome. There are concerns
that NSAIDs may predispose to necrotizing fasciitis in
children with varicella.74

PREGNANCY AND LACTATION

NSAIDs have not been associated with fetal malforma-
tions, but regular use in early pregnancy is associated with
an increased risk of miscarriage.14[III] They have been
used as tocolytics and for the treatment of polyhydra-
mnios, but can cause neonatal renal impairment and
oligohydramnios. NSAID therapy in the third trimester
may cause premature closure of the fetal ductus arteriosus.
It will also delay and impair the progress of labor and
increases the risk of hemorrhage from decreased uterine
tone and platelet inhibition.

NSAIDs are not readily transferred to maternal milk
and they are considered safe for short-term use. Aspirin
should be avoided because of the risk of neonatal Reye’s

syndrome. Insufficient evidence is available for the COX-2
inhibitors.

ELDERLY

Because of reduced elimination capacity and a higher
prevalence of comorbid disease, the risk from NSAIDs is
increased in the elderly19[IV]; they should be used with
caution and appropriate dose adjustment. Routine mon-
itoring of renal, hepatic, and hematologic function should
be considered.

PORPHYRIA

Some NSAIDs have the potential to precipitate acute
porphyria in predisposed individuals. The University of
Capetown maintains an online database indicating relative
safety.76

DRUG INTERACTIONS

Many interactions arise from the reduction in glomerular
filtration induced by NSAIDs or competitive displace-
ment of the second drug from protein-binding sites.
These are summarized in Table 4.2.

CONTRAINDICATIONS AND MAJOR CAUTIONS

There are few absolute contraindications to the use of
NSAIDs, rather an accumulation of relative contraindi-
cations against which must be weighed the need and likely
benefit of using these drugs and the potential harm from
alternative treatments including surgery. This is summari-
zed in Table 4.3.

CHOICE OF DRUG AND MANAGEMENT

The choice of NSAID will be determined by factors
including available formulations (e.g. parenteral, enteric-
coated, topical, suppository), half-life, tolerability, cost,
and product licence. Drugs with a short half-life will more
quickly establish steady-state plasma concentrations and
are more suitable for acute pain management. Immediate-
release or soluble preparations work faster than enteric-
coated or sustained-release preparations. COX-2 selectivity
is another important determinant of choice (see Table 4.4)
with the lack of platelet impairment particularly relevant in
the postoperative setting. It is possible that some patients
will obtain better relief from certain agents, but this is of
little relevance to short-term therapy unless prior experi-
ence has identified a preferred agent.

The choice of pharmacological management for acute
pain is influenced by the severity of the pain, the time
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from injury or surgery, and the ability to take medications
by mouth. Acute pain management should be multimodal
and viewed as a continuum with early use of preventative
analgesic agents, through the acute period where par-
enteral analgesics are frequently required and into the later
recovery phase where oral analgesia can be established.
NSAIDs are generally safe and effective for younger and
healthy patients having painful procedures. In high-risk
situations, it may be prudent to rely more on opioids
initially, generally in conjunction with paracetamol.83[V]
NSAIDs can be introduced later when hemostasis has been
consolidated, the stress response is attenuating, and fluid
balance and cardiovascular stability have been confidently

established. NSAIDs may be introduced earlier with due
caution if satisfactory analgesia is not otherwise achieved.
Comparative studies have documented a lack of associa-
tion between anti-inflammatory and analgesic activity.
NSAIDs can exhibit differential effects on pain and
inflammation; therefore, some agents are better anti-
inflammatory agents (indometacin, tolmetin), others are
better analgesics (ibuprofen and etodolac), and others
have balanced analgesic and anti-inflammatory actions
(ketoprofen, diclofenac, naproxen).84 Choices are then
made based upon the condition to be treated. For exam-
ple, osteoarthritis may be better treated with a pure
analgesic, whereas acute injuries call for a different

Table 4.2 Major drug:NSAID interactions.

Drug Interactions

Corticosteroids Increased risk of peptic ulceration

Aminoglycosides Reduced renal excretion, enhanced nephrotoxicity.77 Preliminary evidence suggests COX-2 inhibitors may be

safer78

Lithium Reduced renal excretion, potential lithium toxicity

Methotrexate Reduced renal excretion, potential methotrexate toxicity

Ciclosporin Increased nephrotoxicity

Digoxin Competitive protein binding and reduced renal excretion, potential digoxin toxicity

ACE inhibitors Decreased antihypertensive efficacy, hyperkalemia, renal impairment (especially in association with diuretics)

Beta-blockers Decreased antihypertensive efficacy

Diuretics Impaired diuresis, extracellular dehydration increases nephrotoxicity, risk of hyperkalemia with potassium sparing

diuretics, especially triamterene

Radiographic contrast

media

Increased renal risk

Warfarin Competitive protein binding. Increased severity of gastrointestinal bleeding. COX-2 inhibitors may be no safer79

Aspirin Ibuprofen may block the cardioprotection of aspirin80, 81, 82

Sulfonylureas Enhanced hypoglycemic effect with pyrazoles, but not ibuprofen, diclofenac, naproxen, or sulindac19

Phenytoin Competitive protein binding and, with pyrazole group, reduced metabolism

COX, cyclooxygenase; NSAID, nonsteroidal anti-inflammatory drugs.

Table 4.3 Contraindications and major cautions with NSAIDs.

Contraindications Major cautions

Active peptic ulceration Prior peptic ulceration

Advanced renal impairment Risk factors for renal impairment (see above under Renal)

Hypovolemia Severe hypertension

Aspirin-induced asthma (COX-2 inhibitors may be

acceptable)

Hyperkalemia

Congestive heart failure Bleeding disorders (COX-2 inhibitors may be acceptable)

Cardiac and major vascular surgery Severe hepatic disease

Major surgery with prior myocardial infarction or

stroke (COX-2 inhibitors)

Major surgery

Pregnancy, especially third trimester

Elderly

Drug interactions, especially anticoagulants, aminoglycosides, methotrexate, ACE

inhibitors, potassium-sparing diuretics, corticosteroids

COX, cyclooxygenase; NSAID, nonsteroidal anti-inflammatory drugs.
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approach depending upon the amount of inflammation
involved. When managing acute pain:

� consider paracetamol, possibly with an opioid as
first-line therapy, especially in the elderly or higher
risk patient;83[V]

� there should be compelling reasons to choose a
COX-2 inhibitor as a first-line NSAID;

� there is little justification for a COX-2 inhibitor if
the patient is taking aspirin;34[V]

� the combination of a non-aspirin NSAID and low-
dose aspirin may be associated with an increased
gastrointestinal risk and should only be used if
absolutely necessary;85[V]

� do not use more than one NSAID concurrently;85[V]
� use the lowest dose of an NSAID for the shortest

time required;34[V], 47[V]
� consider ibuprofen as first line because of lower

gastrotoxicity;85[V], 86

� consider naproxen as a first choice in patients at
cardiovascular risk;46[I], 54[V]

� use drugs with a short half-life for acute pain
management;

� enteric-coated and sustained-release preparations
have a slower onset;

� NSAIDs do not have a significant preemptive effect,
therefore preoperative administration should only be
to lower risk patients where early postoperative
efficacy is required. Late intraoperative or early
postoperative parenteral administration will also
achieve this result;

� topical application of NSAID gels are effective against
somatic pain from superficial tissues.87[I]

Pharmaceutical considerations of selected
NSAIDs

The properties of selected NSAIDs are listed in Table 4.5.

SALICYLATES

The salicylate family includes aspirin (acetylsalicylic acid),
diflunisal, salsalate (salicyl salicylate), choline magnesium
trisalicylate, and benorilate. Benorilate is an ester of
aspirin and paracetamol which is hydrolyzed in vivo to the
two parent drugs.

ASPIRIN (ACETYLSALICYLIC ACID)

In full doses, aspirin exhibits classical NSAID properties
with a slight COX-1 selectivity. It is widely used as a sole
agent or as a component of numerous proprietary analge-
sics or cold or influenza remedies. More recently, in very

Table 4.4 Characteristics of COX-2 selective versus traditional

NSAIDs.

COX-2 selective versus traditional NSAIDs

Similar analgesic efficacy

No impairment of hemostasis

Probable modest reduction in serious gastrointestinal adverse

events

Probably less bronchospasm in asthmatics

Similar renal toxicity

Possibly less nephrotoxicity with aminoglycosides

Generally much more expensive

COX, cyclooxygenase; NSAID, nonsteroidal anti-inflammatory drugs.

Table 4.5 Properties of selected NSAIDs.

Drug Half-life (hours) Selectivity Toxicity

GI Renal Hepatic CNS

Ketorolac 2.4–8.6 High COX-1 Mod High Mod Mod

Indometacin 4.5–6 Weak COX-1 High Low Mod High

Aspirin 0.25 Weak COX-1 Mod Low Mod Low

Naproxen 12–15 Weak COX-1 Mod Mod Mod Mod

Ibuprofen 2–2.5 Weak COX-1 Low Mod Mod Low

Nabumetone (6-MNA) 22.5–30 Nonselective Low Low Low Low

Mefenamic acid 3–4 Nonselective Mod Low Low High

Piroxicam 30–86 Weak COX-2 High Mod Mod Low

Diclofenac 1–2 Weak COX-2 Mod Mod High Low

Nimesulide 1.8–4.7 Mod COX-2 Low Low High Low

Celecoxib 11–16 Mod COX-2 Mod Low Low Mod

Meloxicam 13–20 Mod COX-2 High Low Low Mod

Etodolac 7 Mod COX-2 Low Low Low Low

Etoricoxib 22 High COX-2 Low Low Low Low

CNS, central nervous system; COX, cyclooxygenase; GI, gastrointestinal; NSAID, nonsteroidal anti-inflammatory drugs.
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low doses (typically 75–150mg/day), aspirin has evolved a
greater role in the prevention of cardiovascular disease.53

Despite emerging evidence of increased cardiovascular risk
with some traditional as well as newer NSAIDs, this benefit
of aspirin is not in doubt.47 The low dose means that the
risk of side effects, other than those mediated through
platelet inhibition, is very low for the majority of patients.

Unlike other NSAIDs, aspirin binds covalently to
cyclooxygenase, acetylating the enzyme and causing per-
manent inhibition of thromboxane synthesis. As platelets
have no nuclear material, they cannot synthesize further
enzyme and remain inhibited for the remainder of their
10–12-day life span. Aspirin is thus an irreversible,
though incomplete, inhibitor of platelet aggregation, as
platelet activation may occur independently of throm-
boxane.2 Platelet aggregation and vasoconstriction are
opposed by prostacyclin (PGI2), synthesized in the vas-
cular endothelium. After oral administration, aspirin is
rapidly and completely absorbed from the stomach. Pla-
telets are exposed in the portal circulation, after which
aspirin undergoes substantial first-pass metabolism to low
levels of the relatively weak COX inhibitor, salicylic acid.
Endothelial prostacyclin is thus preserved.

Reye’s syndrome is a potentially fatal mitochondrial
disease affecting predominantly hepatic and cerebral
function.88 It is associated with viral infections (influenza
A and B, varicella-zoster virus) and with aspirin admin-
istration; it is most common in children and adolescents.89

Administration of aspirin during a viral illness may be
followed several days later by acute encephalopathy asso-
ciated with selective hepatic abnormality. Approximately
one-third of cases are fatal; a further third are associated
with long-term neurological and behavioral deficits.

An intravenous preparation of aspirin is available in
some countries.

DIFLUNISAL

Diflunisal is a nonacetylated difluorophenyl derivative of
salicylic acid (with a half-life of 8–12 hours). Only small
quantities cross the blood–brain barrier, so it is not
effective as an antipyretic. It has only slight antiplatelet
effects at normal doses and has fewer gastrointestinal side
effects than aspirin, although more than ibuprofen.90 As
with aspirin, diflunisal is subject to concentration-
dependent pharmacokinetics. It is not metabolized into
salicylate and the fluoride ions are not displaced from the
difluorophenyl ring. A hypersensitivity syndrome has been
described, with flu-like symptoms progressing to multi-
organ involvement.

Pyrazoles

The pyrazole class includes metamizole, azapropazone,
phenylbutazone, and oxyphenbutazone. They have largely
been withdrawn for human use in the USA and Europe,

although continue to be important drugs worldwide.
Oxyphenbutazone is the major metabolite of phenyl-
butazone, differing only in the substitution of a single
hydroxyl group in place of a hydrogen atom. It has a
longer half-life than the parent drug. All pyrazoles may
cause skin reactions, bone marrow suppression and agra-
nulocytosis, and anaphylactoid episodes.

METAMIZOLE (DIPYRONE)

Worldwide, metamizole is one of the most widely mar-
keted over-the-counter NSAID preparations, along with
aspirin, paracetamol, and ibuprofen.91 The most common
side effects are somnolence, nausea, and gastric discom-
fort, but it has beneficial antispasmodic effects. It was
withdrawn in the 1970s in the UK and USA because of
concerns over agranulocytosis. However, early studies
probably overestimated the risk.92

AZAPROPAZONE (APAZONE)

Azapropazone is eliminated via the kidneys and may
accumulate in renal failure.90 It has weak anti-COX
activity in vitro. It is associated with a very high rate of
gastrointestinal side effects86[I] and is therefore recom-
mended as a second- or third-line drug in the treatment
of inflammatory disorders, such as rheumatoid arthritis.

Arylpropionic acids

Propionic acid derivatives include ibuprofen, naproxen,
ketoprofen, flurbiprofen, fenoprofen, and tiaprofenic acid.
Most members of this class are weakly COX-1 selective.93

IBUPROFEN

Ibuprofen was developed in 1964 as a safer alternative to
aspirin in the treatment of rheumatoid arthritis. It was the
first NSAID after aspirin licenced for over-the-counter use
in the UK (1983) and the USA (1984). In common with
other drugs in this class, ibuprofen contains a chiral car-
bon in the alpha position of the propionate moiety, which
gives rise to two enantiomers of the molecule. It has been
found that (S)-(1)-ibuprofen (dexibuprofen) is the active
enantiomer both in vitro and in vivo. However, further
testing has revealed an isomerase which converts inactive
(R)-ibuprofen to the active (S)-enantiomer in vivo.
Despite this, dexibuprofen preparations are available in
many countries. Enantiomeric conversion varies widely
between individuals, which may partly explain why plasma
concentrations do not equate to analgesic efficacy.90

Ibuprofen is associated with the lowest rates of gastro-
intestinal side effects of all NSAIDs at clinically useful
doses.86 Meta-analysis of studies evaluating over-the-
counter preparations of ibuprofen showed incidences of
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adverse effects comparable with placebo.94 At higher doses
(41200mg/day), the risk of side effects increases in a
dose-dependent fashion. In overdose, ibuprofen is com-
paratively benign, making it an attractive alternative to
paracetamol.95

Some preparations (e.g. potassium, lysine, or arginine
salts) offer increased speed of onset.96 Ibuprofen antago-
nizes the irreversible platelet inhibition induced by aspirin
by obstructing access to the enzyme, and long-term
administration in those taking low-dose aspirin is not
recommended.81 However, the FDA has concluded that, in
those taking long-term low-dose aspirin, there is minimal
risk from occasional use of ibuprofen. It recommends that
aspirin be taken at least eight hours after, or 30 minutes
before, a dose of ibuprofen. It makes no recommendations
about enteric-coated aspirin and cautions that other
nonselective NSAIDs may have similar potential.82

KETOPROFEN

Ketoprofen is weakly COX-1 selective, and has been shown
to have a high rate of gastrointestinal side-effects.86 It may
accumulate in renal failure due to its ‘‘futile cycling.’’90, 97

Topical ketoprofen gel preparations and patches may be
useful for local musculoskeletal symptoms, with a lower
incidence of GI side effects. Injectable preparations of
ketoprofen are highly irritant and may cause localized
thrombosis, as well as skin necrosis;98 there is a small but
significant risk of photoallergic contact dermatitis.99

NAPROXEN

Naproxen is marketed as the pure active S-enantiomer. It is
associated with intermediate risk of GI side effects,86, 100

and may accumulate in renal failure.90 Naproxen is also
available as the sodium salt, which offers increased speed of
onset. It has an effective duration of about eight hours.101

Naproxen has weak COX-1 selectivity.102 Long-term use is
not associated with the increased risk of cardiovascular
adverse events (such as myocardial infarction) seen with
both COX-2 inhibitors and traditional NSAIDs. One
explanation is that its long duration of action results in
sustained inhibition of COX-1 (similar to aspirin) com-
pared with the transient inhibition associated with agents
with shorter half-lives.46

TIAPROFENIC ACID

Between 50 and 80 percent of a dose of tiaprofenic acid is
excreted unchanged in urine. Its excretion may be
impaired in patients with renal disease (information from
manufacturer’s data sheet). Tiaprofenic acid has been
associated with severe cystitis, although typically this
resolves upon its withdrawal. It is contraindicated in
patients with urinary tract disorders.103 Its main indica-
tion is in the treatment of arthritis.

Arylacetic acids

Arylacetic acid derivatives include diclofenac, ketorolac,
etodolac, sulindac, bromfenac, felbinac, indometacin,
tolmetin, and nabumetone. With the exception of etodo-
lac, these drugs have little or no COX-2 selectivity.

DICLOFENAC

Diclofenac is an achiral molecule.104 Some studies suggest
a slight COX-2 selectivity.93, 102 It also inhibits the lipoxy-
genase pathway, inhibiting the synthesis of leukotrienes.
Diclofenac is available in several formulations, including
tablets, suppositories, eye drops, topical gels, and inject-
able preparations. Its use carries a relatively low risk of
gastrointestinal side effects,86 although it is implicated in
hepatocellular damage38, 105 and long-term use of high
doses is associated with increased cardiovascular risk.48

Preparations of the potassium salt offer increased speed of
onset without altering efficacy, duration of action, or side
effects.

Injectable preparations of diclofenac are irritant;
intramuscular injection may cause prolonged pain at the
injection site and intravenous injection may cause local
thrombosis. Inadvertent subcutaneous injection may cause
skin necrosis. It is recommended that the intramuscular
route is avoided.98

Aceclofenac is an ester of diclofenac with fewer gas-
trointestinal side effects. It has no intrinsic inhibitory
effect on COX-1 or COX-2, and its mechanism of anal-
gesic effect probably relies on its biotransformation into
diclofenac.106

KETOROLAC TROMETAMOL

Ketorolac is available in an injectable preparation and has
been widely used for postoperative analgesia. It has high
COX-1 selectivity93 and a half-life of 2.4–8.6 hours.90 It
does not cross the blood–brain barrier.107 Regulatory
authority reviews following reports of a number of deaths
have led several countries to suspend the drug’s licence, or
impose dose restrictions, concluding that ketorolac has a
narrow therapeutic margin. In the UK, the use of ketoro-
lac (by any route) is limited to two days. In the USA, the
limit is five days.107

ETODOLAC

Etodolac displays moderate selectivity for COX-2.108 It has
a low incidence of gastrointestinal side effects, and has
minimal hepatic and renal effects.109 It is used in the
treatment of arthritis.

SULINDAC

Sulindac is a racemic NSAID with a chiral sulfur atom.
Sulindac is inactive and is converted to its active sulfide
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metabolite in the liver, bypassing the gastrointestinal
mucosa. It carries an intermediate risk of gastrointestinal
side effects (lower than aspirin),86 but has minimal effects
on renal function110 and the CNS. However, it is much
more likely to cause pancreatitis111 and hepatocellular
damage37, 105 than other NSAIDs.

INDOMETACIN

Indometacin is a methylated indole derivative with a half-
life of 4.5–6 hours. It is recommended for the treatment of
arthritis and gout, although has too many side effects to be
used as the NSAID of first choice for analgesia (with the
exception of some topical preparations). CNS symptoms are
frequent and include headaches, dizziness, and depression.
Its use in acute gout and dysmenorrhea is well tolerated
because the duration of treatment is limited to a few days.
Acemetacin is the glycolic acid ester of indometacin.100

NABUMETONE

Nabumetone is a nonacidic prodrug, which is rapidly
metabolized to its active form, 6-methoxy-2-naphthyl-
acetic acid (6-MNA), which has a long half-life (22.5–30
hours).90 It has a better gastrointestinal safety profile than
other NSAIDs (e.g. naproxen, diclofenac, piroxicam,
aspirin, indometacin, ibuprofen) with a lower risk of
causing ulcers, bleeding, and perforations.112 It has mini-
mal effects on renal function.110

Fenamates

The fenamates are derivatives of anthranilic acid. This
class includes mefenamic acid, tolfenamic acid and flufe-
namic acid.

MEFENAMIC ACID

Mefenamic acid has a half-life of three to four hours.90 It is
traditionally prescribed for dysmenorrhea, although there
is no evidence that it is superior to ibuprofen.113 Throm-
bocytopenia, hemolytic anemia, and aplastic anemia have
all been reported. It also causes CNS toxicity, particularly
convulsions in overdose.100

Oxicams

The oxicam class includes piroxicam, meloxicam, and
tenoxicam. All three have long-half-lives, which allows
once-daily dosing. However, several days are required to
reach steady state. Loading doses may be required.

PIROXICAM

Piroxicam has a very long half-life (30–86 hours).90 It
carries a high risk of gastrointestinal side effects86 and is

associated with a significant rate of skin reactions. Topical
and injectable preparations are available, although the
injectable preparation is irritant. Piroxicam betadex is a
formulation of piroxicam in beta cyclodextrin, which
offers enhanced speed of onset, but does not improve its
gastrointestinal tolerability.107

MELOXICAM

Meloxicam is moderately preferential for COX-293, 114

and is therefore often considered alongside COX-2 inhi-
bitors in advice issued by regulatory bodies. Meloxicam
undergoes extensive biliary excretion and has a half-life of
13–20 hours.90

TENOXICAM

Tenoxicam has a half-life of 60 hours.90 An injectable
preparation is available. A randomized controlled trial
showed that tenoxicam is well tolerated when used as a
post-operative analgesic, but may slightly increase the risk
of bleeding following otorhinolaryngological surgery.61

COX-2 selective agents

There is some evidence to suggest that administration of
selective COX-2 inhibitors may be safe in patients who
have displayed anaphylactoid reactions to traditional
NSAIDs.45, 115 Celecoxib, valdecoxib, and parecoxib all
contain a sulfonamide moiety in their chemical structure,
which may provoke allergic responses, especially in those
who are allergic to other sulfonamides (‘‘sulfa drugs’’).

ROFECOXIB

Rofecoxib was withdrawn worldwide by the manufacturer
in September 2004 following the discovery of increased
risk of cardiovascular events during long-term use.

VALDECOXIB

Valdecoxib was withdrawn in Europe and the USA by the
manufacturer in 2005, following concerns about the
comparatively high rates of adverse drug reactions,
notably serious skin reactions including Stevens–Johnson
syndrome and toxic epidermal necrolysis.116

PARECOXIB

Parecoxib is an injectable prodrug of valdecoxib. It is
rapidly converted into valdecoxib by enzymatic hydrolysis
in the liver. Cutaneous reactions are rare with short-term
therapy. Parecoxib will precipitate if mixed with lactated
Ringer’s solution. The combined use of parecoxib and
valdecoxib after coronary artery bypass grafting was
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associated with an increased risk of cardiovascular events,
including myocardial infarction, cardiac arrest, stroke,
and pulmonary embolism.50 Parecoxib and valdecoxib are
associated with a slightly increased risk of renal dys-
function, hypertension, and peripheral edema.117

ETORICOXIB

Etoricoxib has a long half-life (22 hours) and is suitable
for once-daily dosing in the treatment of arthritic and
musculoskeletal problems. It carries a low risk of gastro-
intestinal side effects,118 but may be associated with more
frequent and severe effects on blood pressure than other
COX-2 inhibitors, particularly at high dose.57, 119

CELECOXIB

Celecoxib displays only moderate COX-2 selectivity,
similar to etodolac, meloxicam, and nimesulide.102 Its
gastrointestinal safety profile has not been consistently
demonstrated to be better than that of diclofenac,119, 120

but meta-analysis of trials suggests it is associated with a
significantly lower risk of both renal dysfunction and
hypertension compared with controls taking traditional
NSAIDs.117 Confusion, somnolence, and insomnia have
all been reported with its use.107

LUMIRACOXIB

Lumiracoxib is an arylacetic acid derivative with a
structure very similar to that of diclofenac and lacks the
sulfur-containing group of the other coxibs. It binds to
the COX-2 enzyme at a different site and displays very
high COX-2 selectivity.102 Lumiracoxib has fewer gastro-
intestinal side effects than diclofenac, although its kinetics
are similar. It has a rapid onset of activity and good
analgesic properties. A large randomized controlled study
of lumiracoxib versus ibuprofen and naproxen showed a
three- to four-fold reduction in ulcer complications in the
lumiracoxib group when compared with either of the
other NSAIDs, without an increase in cardiovascular
events. 2.6 percent of patients developed an increase
in liver enzymes, although this proportion is lower
than with diclofenac.33 However, lumiracoxib has recently
been withdrawn because of suspected adverse liver
reactions.

NIMESULIDE

Nimesulide has moderate COX-2 selectivity;102 however,
it is a sulfonanilide derivative unrelated chemically to
coxibs and NSAIDs. Although it is widely prescribed
worldwide, many countries including the UK and USA
have not approved or have withdrawn the drug amid
concerns about its hepatotoxicity.37
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KEY LEARNING POINTS

� Paracetamol is widely used in the treatment of mild to

moderate pain and fever.
� Paracetamol is remarkably safe when used at

recommended doses; however, deliberate or accidental

overdoses are not uncommon.
� Paracetamol is a major metabolite of phenacetin and

acetanilide.
� Paracetamol is readily absorbed from the

gastrointestinal tract, reaching peak plasma

concentrations after approximately 30–60 minutes with

a plasma half-life of about two hours.
� Many compound medicines contain paracetamol; patients

can be unaware that a medicine contains paracetamol

and inadvertently exceed the maximum dose.
� For oral paracetamol 1 g, the numbers needed

to treat (NNT) for a 50 percent reduction in acute

pain is 3.8 (95 percent confidence intervals

3.4–4.4).
� Codeine 8mg adds more to adverse effects than

to the analgesic benefit. The addition of codeine at

higher doses adds to the analgesia of both

paracetamol and codeine synergistically. The NNT (95

percent CI) for at least 50 percent pain relief

for paracetamol 1 g plus codeine 60mg is 2.2

(1.7–2.9).
� There are two forms of paracetamol available for

intravenous (i.v.) use. The oldest is propacetamol which

provides a 1 g dose of paracetamol in a 2 g

propacetamol dose. The second is a form of i.v.

paracetamol. 1 g paracetamol i.v. is equivalent to 2 g

propacetamol i.v.
� Rectal administration is unreliable.

INTRODUCTION

Paracetamol (acetaminophen) is a popular analgesic and
antipyretic compound that is used for the relief of fever,
headaches, and other minor aches and pains. It is
remarkably safe when used at recommended doses;
however, deliberate or accidental overdoses are not

uncommon, probably due to its wide availability. It is
not restricted to either prescription or pharmacies in
most countries. Paracetamol has no anti-inflammatory
properties, unlike aspirin and ibuprofen, and so is not
considered a member of the class of nonsteroidal
anti-inflammatory drugs (NSAID). It does not cause
euphoria or alter mood in any way and is free of



the problems of addiction, dependence, tolerance, and
withdrawal.

The US Approved Name (USAN) is acetaminophen;
paracetamol is both the (International Nonproprietary
Name (INN) and the British Approved Name (BAN)), the
INN term paracetamol will be used in this chapter.

HISTORICAL INFORMATION

In the late nineteenth century, analgesics and antipyretics
consisted of preparations of natural compounds such as
cinchona bark (quinine) or medicines based on willow
bark, the earliest source of salicylate. Cinchona bark was
in short supply and so cheaper, synthetic agents were
required. Alternatives that were developed included
acetanilide in 1886 and phenacetin in 1887; both of these
were considered superior to quinine as they demonstrated
antipyretic and analgesic properties. Initially, paracetamol
was found in the urine of patients who had taken phe-
nacetin and, in 1889, it was demonstrated that para-
cetamol was a urinary metabolite of acetanilide. However,
these discoveries failed to attract much attention and were
largely ignored at the time.

In 1948, the work of Brodie and Axelrod1 established
that paracetamol was a major metabolite of both phena-
cetin and acetanilide. The words acetaminophen and
paracetamol both come from the chemical names for the
compound: N-acetyl-para-aminophenol and para-acetyl-
amino-phenol. The product first went on sale in the USA
in 1955 under the brand name Tylenols. In 1956, 500mg
tablets of paracetamol went on sale in the UK under the
trade name Panadol. It was originally available only by
prescription for the relief of pain and fever. In June 1958,
a children’s formulation (Panadol Elixir) was released.
Subsequent formulations included suppositories, melt
tablets, rapid release preparations, and injectable forms.
The profile of paracetamol is shown in Table 5.1.

AVAILABLE PREPARATIONS

Paracetamol is available worldwide. For example:

� North America:2 Acetaminophen tablets (USA and
Canada) 325 and 500mg. Acetaminophen oral
solution or suspension (USA and Canada) 160mg/
5mL or drops 160mg/1.6mL. Acetaminophen
suppositories: 120, 325, 650mg.

� UK:3 Paracetamol tablets 500mg, paracetamol soluble
tablets 500mg, 120mg (pediatric), paracetamol oral
suspension 120mg/5mL and 250mg/5mL.
Paracetamol suppositories 60, 125, 250, 500mg.
Paracetamol intravenous infusion 10mg/mL, 100mL.

� Australia:4 Paracetamol tablets 120mg, 500mg,
paracetamol, paracetamol oral suspension 120mg/
5mL. Paracetamol suppositories 125mg.

INDICATIONS

Paracetamol is widely used in the treatment of mild to
moderate pain and fever. This includes headache,
migraine, feverish conditions, period pain, toothache and
other dental pain, back pain, muscular and joint pains,
neuralgia, pains associated with colds and flu, and as an
antipyretic. Paracetamol is the analgesic of choice in
children (over aspirin), as it is not associated with Reye’s
syndrome. It is also preferred in the elderly as it lacks the
gastric erosion properties of many NSAIDs. Paracetamol
is readily available in most countries in retail outlets and
pharmacies, as well as a prescribed medication. There are
over 900 individual branded products of paracetamol
available worldwide.5

DOSE

� Adults or children over 12 years of age: normally
500mg to 1 g every four to six hours with a
maximum of 4 g in any 24-hour period. There is a
recommendation that self-administration should not
exceed a period of ten days for adults or five days for
children without seeking medical advice.

� Children: dose recommendations vary from country
to country so it is important to check relevant
resources; in general the recommendations are as
follows:
– Infants aged two to three months: a 60-mg

paracetamol dose, as a liquid formulation, is
suitable for babies with fever or mild to moderate
pain provided the infant weighs over 4 kg and was
not born before 37 weeks gestation. Medical
advice should be sought promptly if further doses
are required or if the cause of the infant’s fever or
pain is not known.

– Infants three months to under one year:
60–120mg paracetamol, as a liquid formulation,
repeated every four hours, if necessary, up to a
maximum of four doses per 24 hours.

– Children aged one to osix years: 120–240mg
paracetamol, repeated every four hours, if

Table 5.1 Profile of paracetamol.

Paracetamol (INN, BAN)

Acetaminophen (USAN)

N-acetyl-para-aminophenol
Chemical formula C8H9NO2

Molecular weight 151.17

Bioavailability Almost 100%

Metabolism Hepatic

Elimination half-life 1–4 hours

Excretion Renal
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necessary, up to a maximum of four doses per 24
hours.

– Children aged 6–12 years: 250–500mg
paracetamol, repeated every four hours, if
necessary, up to a maximum of four doses per 24
hours.

PREGNANCY AND LACTATION

Paracetamol is considered to be the analgesic of choice in
pregnancy and is widely considered to be safe at recom-
mended doses, though most manufacturers provide vari-
ous cautions about seeking medical advice. Two case
control studies (over 7500 mothers) from Boston Uni-
versity have shown that up to 65 percent of pregnant
women use paracetamol.6 A UK-based study also
demonstrated use of paracetamol during all stages of
pregnancy.7 Paracetamol is excreted in breast milk, but
not in a clinically significant amount. Available published
data do not contraindicate breast feeding.3

EXTENT OF USE

Prescribing data for the calendar year of 2005 in England
reveal that prescriptions for approximately 1.3 billion
tablets of paracetamol were dispensed.8 This equates to
approximately 40 tablets for every man, woman, and
child. The same source shows that 0.5 billion co-codamol
(paracetamol 500mg and codeine 8mg) and 0.3 billion
co-proxamol were also dispensed. There will be an
additional unknown volume for paracetamol and co-
codamol as these are available as over-the-counter (OTC)
products.

MECHANISM OF ACTION

Paracetamol is an analgesic and antipyretic agent with
weak anti-inflammatory properties. The mechanism of
action of paracetamol is poorly understood. There have
been some reports that the action is linked to cycloox-
ygenase (COX) isoenzymes with recent postulation of
paracetamol action on a COX-3 isoenzyme,9 but this is
uncertain.

PHARMACOKINETICS

Paracetamol is readily absorbed from the gastrointestinal
tract, reaching peak plasma concentrations after
approximately 30–60 minutes with a plasma half-life of
about two hours. There are now several instant-release
products available which produce faster plasma con-
centrations. Paracetamol is distributed widely, crossing
the placenta and is found in breast milk. Plasma-protein

binding is negligible at usual normal concentrations. Over
90 percent is excreted in the urine in the first day after
conjugation in the liver as the glucuronate and sulfate
salts.10

CONTRAINDICATIONS

There are few contraindications to the use of paracetamol.
It is contraindicated in patients with severe hepatic dis-
ease and patients with known hypersensitivity to para-
cetamol, or any of the components contained in the
formulation. Soluble tablets of paracetamol 500mg can
contain over 400mg of sodium, which is significant for
those on a regular daily maximum dose.

DRUG INTERACTIONS

Warfarin

A case–control study was conducted at the Massachusetts
General Hospital in Boston11, 12 in 2000 patients attend-
ing the anticoagulant therapy unit over a single year
who had been on warfarin for at least one month, had a
target international normalized ratio (INR) of 2 to 3,
and were able to participate in a telephone interview.
The study included those with an INR of greater than 6
(an increased risk of major hemorrhage) reported within
24 hours, whose target INR was 2 to 3; results were ver-
ified with a duplicate test. Controls were randomly
selected from patients with lower INRs. Paracetamol
was associated with increased risk of elevated INR.
Taken mainly for acute pain, the more used in the week
before the test, the greater the chance of a raised INR
(Figure 5.1). More than nine 500-g tablets a week gave an
odds ratio of 7 and more than 18 tablets a week an odds
ratio of 10.

The clinical significance of these findings is a subject of
much debate. There is no doubt that analgesia for those
on warfarin becomes more difficult if paracetamol is not
to be used, nor aspirin, nor NSAIDs. Paracetamol is
preferable to NSAIDs, but it is wise to monitor patients
with concomitant warfarin therapy some seven to ten
days after starting paracetamol.
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Figure 5.1 Paracetamol dose and risk of elevated INR above 6.
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Alcohol

Some manufacturers and the FDA13 recommend that
patients who consume three units of alcohol per day or
more are at greater risk of liver disease and should be
advised accordingly. Over-the-counter preparations for
analgesics in the USA have the following label: If you
generally consume three or more alcohol-containing
drinks per day you should consult your physician for
advice on when and how you should take pain relievers.

Others

Caution may be needed with other medicines that are
metabolized via the liver. These include antiepileptic
agents and isoniazid.

ADVERSE EFFECTS

Adverse effects are rarely a problem. Drowsiness is reg-
ularly reported in randomized controlled trials (RCT) as
an adverse effect, but often not mentioned in manu-
facturers’ monographs.14 A recent RCT15 has demon-
strated that a regular dose of paracetamol at 4 g daily is
associated with raised aminotransferase (ALT).

EFFICACY OF ORAL ADMINISTRATION

Measuring efficacy

Efficacy is reported in a range of ways in RCTs. Probably
the most unhelpful is the mean difference between two
groups which only gives an indication of effect, but pre-
vents useful measures such as NNTs being determined. In
recent years, there has been an increasing trend to report a
50 percent reduction in total pain relief (TOTPAR). It was
argued that this level was unlikely to be achieved by
chance and that it was a significant outcome. A recent
individual patient meta-analysis has added some valida-
tion to this outcome16 and this measure of effectiveness is
used where possible in this chapter.

Oral paracetamol as a single agent

Considering the amount of paracetamol consumed
worldwide, the volume of high level evidence (type I or
II) is modest, i.e. approximately 5000 participants in
randomized controlled trials. Systematic review evidence
is summarized in Table 5.2. The different numbers of
participants in the reviews is due to different inclusion
criteria set by the review authors.

Two systematic reviews17, 19[I] look at single-dose
studies of paracetamol compared to placebo. The later

study17 with stricter inclusion criteria provides NNTs (95
percent CI) as follows: 500mg 3.5 (2.7–4.8), 650mg 4.6
(3.9–5.5), 1 g 3.8 (3.4–4.4). The NNT for 1 g implies that
for every four (actually 3.8) patients who receive a 1 g
dose of paracetamol, one will get greater than 50 percent
pain relief who would not have done so if they had
received a placebo. It should be noted that the NNT for
500mg is lower, but the confidence intervals are wider.
This is simply a numbers issue – smaller studies give less
certain results; the NNT for 500mg will lie within the
range of 2.7–4.8. Some additional reassurance about a
dose response for paracetamol is provided by a systematic
review by McQuay and Moore.18[I]. This demonstrated
that a greater number of patients gained benefit from a
1-g dose compared to a 600/650-mg dose (Table 5.2).

Three systematic reviews looked at osteoarthritis (OA)
and rheumatoid arthritis (RA). These are included for
completeness as both these chronic diseases have an acute
pain component. One systematic review compares para-
cetamol with NSAIDs in rheumatoid arthritis.21 It is not
clear if the analgesic is for acute or chronic pain in this
review. Apart from an expressed preference for NSAIDs,
the studies are too small to draw firm conclusions. Two
reviews20, 22 demonstrate that, while paracetamol is better
than placebo for pain relief of OA, the evidence is quite
small and NSAIDs are in fact superior to paracetamol for
pain relief.

There is also evidence from indirect comparisons.
Systematic reviews have been used to build a league table
of NNTs for a range of analgesics for mild or moderate
pain; this puts paracetamol in the wider context and
shows that NSAIDs and paracetamol with codeine per-
form better than paracetamol alone (Table 5.3). It should
be remembered that there are associated disadvantages in
terms of adverse effects with these agents compared with
paracetamol.

Oral paracetamol and compound analgesics

Many compound medicines contain paracetamol and it
regularly appears as an ingredient in cough and cold
remedies. Patients can be unaware that a medicine con-
tains paracetamol and inadvertently exceed the maximum
dose by consuming more than one paracetamol-con-
taining product. This needs to be remembered when
taking medication histories. In developing countries,
paracetamol is often combined with a wide range of other
medicines limited only by the imagination of the manu-
facturer. Ten systematic reviews for combined para-
cetamol products have been identified (Table 5.4).

PARACETAMOL PLUS OPIOIDS

There are no known RCTs for the common formulation
of paracetamol 500mg and codeine 8mg. There is general
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consensus that the dose of codeine will add more to
adverse effects than to the analgesic benefit. The addition
of codeine at higher doses adds to the analgesia of both
paracetamol and codeine synergistically. Codeine alone is
a poor analgesic in acute pain;32[I] however, when para-
cetamol 600/650mg is combined with codeine 60mg the
NNT for 50 percent pain relief is 3.6 (2.9–4.5).19[I] The
NNT (95 percent CI) for at least 50 percent pain relief for
paracetamol 1 g plus codeine 60mg was 2.2 (1.7–2.9).33

This compares well with NSAIDs, but participants
reported significant constipation at these doses of
codeine.

In 2005, the UK Medicine and Healthcare product
Regulatory Agency34 announced a gradual withdrawal of
co-proxamol (dextropropoxyphene 32.5mg and para-
cetamol 325mg per tablet) from the UK market. This was
done for safety and efficacy reasons. Fatal toxicity can
occur with a small number of tablets (often as little as
15–20), particularly when taken with alcohol. Also, it was
argued that the combination was no more effective than
paracetamol alone. The combination is available in at least
15 other countries including the USA. There is no evidence
of superiority over paracetamol 1 g in acute pain,25 but it is
preferred (anecdotally) by some patients for chronic use.

Table 5.2 Systematic reviews of paracetamol as a single agent.

Author Date of last
search

Condition and doses used Number of RCTs included and
number of participants

Key findings

Barden et al.17 August 2001 Acute postoperative pain,

single dose ranging from

325mg to 1.5 g

47 RCTs, 2561 participants

received paracetamol

NNTs (95% CI) for at least 50%

pain relief were as follows:

325mg: 3.8 (2.2–13.3);

500mg: 3.5 (2.7–4.8); 600/

650mg: 4.6 (3.9–5.5) 1 g 3.8

(3.4–4.4) 1.5 g 3.7(2.3–9.5)

McQuay and

Moor18
June 2005 Acute pain with direct

comparisons of different

doses of three analgesics:

paracetamol, aspirin, and

ibuprofen

50 RCTs (nine of paracetamol),

paracetamol 4327

participants; aspirin 6056

participants; ibuprofen 6193

participants

Proportions achieving at least

50% pain relief were

paracetamol 1 g: 62%;

paracetamol 500mg or

650mg: 52%. The NNT (95%

CI) for one additional patient

to achieve more than 50% at

the higher rather than the

lower dose is 9 (6–29)

Moore et al.19 May 1996 Acute postoperative pain,

moderate to severe.

Single-dose paracetamol

or paracetamol with

codeine (see Table 5.3)

40 RCTs, 4171 participants NNTs (95% CI) for at least 50%

pain relief were as follows:

paracetamol 1 g 4.6 (3.8–5.4)

600/650mg: 5.3 (4.1–7.2)

Towheed et al.20 July 2005 Pain due to osteoarthritis.

Effectiveness of

paracetamol compared to

placebo or NSAIDs

15 RCTs, 5986 participants. 7

compared paracetamol with

placebo and 10 to NSAIDs.

Median trial duration 6 weeks

NNT for paracetamol compared

to placebo was 4–16 for

improvement in pain.

Paracetamol was less

effective than NSAIDs

Wienecke and

Gotzsche21
September

2003

Rheumatoid arthritis.

Comparison of

paracetamol and NSAIDs.

Doses range

Four cross-over studies with 121

participants

Small numbers, so firm

conclusions not possible.

Generally NSAIDs were

preferred by participants over

paracetamol alone

Zhang et al.22 July 2003 Pain due to osteoarthritis.

Effectiveness of

paracetamol compared to

placebo (two studies) or

NSAIDs

10 RCTs 1712 participants, two

studies compared

paracetamol with placebo,

eight compared paracetamol

with NSAID

Paracetamol was superior to

placebo, note wide CIs

(effect size 0.21 (95% CI

0.02–0.41). NSAIDs were

superior to paracetamol for

pain relief (effect size 0.20

(95% CI 0.1–0.3)
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One systematic review27 reports on the combination of
paracetamol with oxycodone which seems to offer an
improved NNT over paracetamol alone.

This combination is claimed to be the most popularly
prescribed generic drug35 in the USA. No systematic
reviews of this combination could be identified. Four
RCTs were identified.36, 37, 38, 39 These include 230 parti-
cipants receiving paracetamol 500mg with hydrocodone
7.5mg (two studies) and paracetamol 500mg with
hydrocodone 5mg (two studies). The studies are small,
but there is limited evidence to show that the combina-
tion is: (1) superior in terms of pain relief to tramadol
100mg;39[II] (2) superior to a paracetamol 300mg plus
codeine 30mg combination;38[II] (3) equivalent to a
paracetamol 500mg plus oxycodone 5mg combination;36

[II] and (4) inferior to an ibuprofen 400mg plus oxyco-
done 5mg combination.37[II]

PARACETAMOL WITH NSAIDS

One systematic review included combinations of para-
cetamol with NSAIDs. The authors found eight studies
comparing the combination with paracetamol alone and
five studies comparing the combination with NSAID
alone. Paracetamol was combined with either ketoprofen
or diclofenac. The authors conclude that the combina-
tions in general are superior to either single agent com-
parator, but data are sparse.28[I]

Summary of evidence

Oral paracetamol can be an effective analgesic in dealing
with mild to moderate acute pain. However, some
patients will find this inadequate and will benefit from
either the addition of an NSAID ( if they can tolerate this)
or a combination of paracetamol with codeine 30–60mg.
It seems reasonable therefore to start on paracetamol
alone then add in another agent if pain relief is not
achieved. This approach is developed further on the
Bandolier website.40

OTHER ROUTES OF ADMINISTRATION

Intravenous

There are two forms of paracetamol available for intra-
venous use. The oldest is propacetamol which provides a
1 g dose of paracetamol in a 2 g propacetamol dose. The
second is a form of i.v. paracetamol. No systematic
reviews were identified, but 15 RCTs were found, two in
children (223 participants) and 13 in a variety of post-
operative pain settings in adults (1380 participants). In
children, 1 g paracetamol i.v. was shown to be equivalent
to 2 g propacetamol i.v.41, 42 Children reported greater
injection site pain with propacetamol.

Table 5.3 Number needed to treat (NNT) for range of analgesics based on single-dose systematic reviews.

Analgesic (mg) Number of patients
in comparison

NNT Lower confidence
interval (95%)

Higher confidence
interval (95%)

Aspirin 600/650 5061 4.4 4.0 4.9

Aspirin 650 and codeine 60 598 5.3 4.1 7.4

Codeine 60 1305 16.7 11.0 48.0

Diclofenac 100 411 1.9 1.6 2.2

Diclofenac 25 204 2.8 2.1 4.3

Diclofenac 50 738 2.3 2.0 2.7

Ibuprofen 200 1414 2.7 2.5 3.1

Ibuprofen 400 4703 2.4 2.3 2.6

Ibuprofen 600 203 2.4 2.0 4.2

Naproxen 440 257 2.3 2.0 2.9

Naproxen 550 500 2.6 2.2 3.2

Paracetamol 1000 2759 3.8 3.4 4.4

Paracetamol 1000 and codeine 60 197 2.2 1.7 2.9

Paracetamol 300 and codeine 30 379 5.7 4.0 9.8

Paracetamol 500 561 3.5 2.2 13.3

Paracetamol 600/650 and codeine 60 1123 4.2 3.4 5.3

Paracetamol 650 and dextropropoxyphene

hydrochloride 65

963 4.4 3.5 5.6

Paracetamol 650 and tramadol 75 679 2.6 2.3 3.0

Piroxicam 20 280 2.7 2.1 3.8

Adapted from Ref. 23, with permission.
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Table 5.4 Systematic reviews of paracetamol in combination with other analgesics.

Author Date of last
search

Condition and doses used No. RCTs included and no.
participants

Key findings

Cepeda et al.24 August 2005 Osteoarthritis pain. Tramadol or tramadol

32.5mg plus paracetamol 325mg

11 RCTs and 1109 in total. 2 RCTs

(350 participants) examined the

combination

No clear results. All participants in these two

studies were allowed to use COX-2 or

NSAIDs. Authors conclude that

paracetamol alone 1.5 g was superior to

tramadol 150mg

Collins et al.25 July 1998 Acute postoperative pain- moderate to severe.

Single dose dextropropoxyphene with

paracetamol 650mg

6 RCTs (325 participants) and one

individual patient meta-analysis

(638 participants)

NNTs (95% CI) for at least 50% pain relief

were as follows: 4.4 (3.5–5.6).

Dextropropoxyphene (65mg) alone: 7.7

(4.6–22)

De Craen et al.26 1995 Postoperative pain and pain in children.

Paracetamol 400 to 1000mg, codeine

10–60mg

24 RCTs. No. participants not stated Paracetamol plus codeine superior to

paracetamol alone. Repeated use increases

the occurrence of adverse effects. No

studies were found on codeine 8mg

combined with paracetamol

Edwards et al.27 October 1999 Acute postoperative pain. Oxycodone or

oxycodone with paracetamol. Paracetamol

325mg with oxycodone 5mg and

paracetamol 650mg (or 1000mg) with

oxycodone 10mg included

7 RCTs. 483 participants on

paracetamol and oxycodone

Paracetamol with oxycodone superior than

placebo and associated with significantly

more adverse effects. For single-dose

oxycodone 5mg plus paracetamol (325,

500, and 1000mg) the NNT for at least

50% pain relief were 2.5 (2.0–3.4), 2.2

(1.7–3.2) and 3.9 (2.1–20), respectively, for

moderate to severe postoperative pain over

4–6 hours. For single-dose oxycodone

10mg plus paracetamol (650 or 1000mg)

the NNT for at least 50% pain relief were

2.5 (2.0–3.3) and 2.7 (1.7–5.6) for

moderate to severe postoperative pain over

4–6 hours

Hyllested et al.28 January 2001 Postoperative pain. Paracetamol or NSAIDs or

combination. Dose 1.3–4 g daily rectally,

500mg–8 g daily orally and 2 g

intravenously as propacetamol

36 double-blind RCTs. 3362

participants on active treatment

Combinations of paracetamol and NSAIDs

were superior to paracetamol alone, but

not to NSAIDs alone. No significant

difference was shown between

paracetamol alone and NSAID alone in

major surgery or orthopedic surgery (8

RCTs, 668 participants). Note: doses of

(Continued over )



different agents need to be considered;

also some trials appear to be

underpowered. Three studies looked at

propacetamol (253 participants) but no

results are presented.

Li Wan Po and Zhan14 March 1997 Post surgical pain, arthritis, and

musculoskeletal pain. Paracetamol or

paracetamol combined with

dextropropoxyphene

27 trials, 2231 participants In three trials (202 participants), the

combination reduced pain intensity by 7%

compared to paracetamol alone. The

combination produced more dizziness (RR

3.1 95% CI 1.1–8.9) paracetamol alone

produced more drowsiness (RR 1.8 95% CI

1.1–2.9)

McNicol et al.29 March 2003 NSAIDs or paracetamol alone combined with

opioids for cancer pain

42 reports, 3084 participants Little or no advantage of NSAIDs alone

compared to NSAID plus opioid

combinations. Six studies compared

paracetamol alone or in combination with

other treatments, but these are not

analyzed separately

Moore et al.19 May 1996 Acute postoperative pain, moderate to severe.

Single dose paracetamol with codeine

34 trials, 2200 participants NNTs (95% CI) for at least 50% pain relief

were as follows: paracetamol 600/650mg

plus codeine 60mg 3.6 (2.9–4.5).

Comparing paracetamol with the same

dose of paracetamol plus codeine 60mg

the NNT was 7.7 (5.1–17). No studies were

found on codeine 8mg combined with

paracetamol

Smith et al.30 March 2000 Acute postoperative pain. Single dose

paracetamol 1 g with codeine 60mg. High

quality RCTs selected

Three trials, 197 participants NNT (95% CI) for at least 50% pain relief for

paracetamol 1 g plus codeine 60mg 2.2

(1.7–2.9)

Zhang et al.31 May 1996 Postoperative pain. Paracetamol in combination

with codeine and caffeine

Eighty trials containing 103 placebo

comparisons and 26 head to head

comparisons

Some evidence of the effects of combinations

over paracetamol, but these may not be

clinically significant. Caffeine was found to

add little to the analgesic effect of

paracetamol

NNT, number needed to treat; NSAID, nonsteroidal anti-inflammatory drugs; RCT, randomized controlled trials.



The key messages from the adult studies were: pro-
pacetamol 2 g produces similar analgesia to intramuscular
(i.m.) diclofenac 75mg,43 ketorolac 30mg,44 and mor-
phine 10mg i.m.45 It produces a faster onset than oral
paracetamol46 and two doses of propacetamol 2 g were
inferior to a single dose of parecoxib 40mg i.v.47

Rectal

No systematic reviews were identified. Three RCTs (264
participants)48, 49, 50 looked at postoperative pain in
children. Evidence from larger studies suggests that
paracetamol at a dose of 40mg/kg rectally does not
improve analgesia.48, 50 Five RCTs51, 52, 53, 54, 55 (420 par-
ticipants) in adults suggests that paracetamol adminis-
tered rectally (1 g dose) either during surgery or for
postoperative pain is ineffective and inferior to other
agents, such as diclofenac 75mg rectally.51

OVERDOSE

Paracetamol toxicity is the leading cause of acute liver
failure in a number of countries. A prospective cohort

study in 2005 showed that of 275 case reports, 48 percent
were unintentional, 44 percent were intentional and the
rest unknown. The median dose ingested was 24 g, but
constant use of as little as 7.5 g per day may be hazar-
dous.56[III]

Recommendations for treatment of acute paracetamol
poisoning are more tried and tested, rather than evidence
based. One Cochrane systematic review57 (Table 5.5)
assesses the evidence concluding that activated charcoal
seems to have the best risk–benefit ratio, N-acetylcysteine
is preferable to supportive treatment (dimercaprol and
cysteamine). It is not clear whether N-acetylcysteine is
superior to methionine. Several nomograms exist to asses
the risk factors of a given ingested dose.60, 61 Readers are
advised to consult relevant poisons information centers
for up to date information on treating acute paracetamol
poisoning.

EVIDENCE RESOURCES

MEDLINE, EMBASE, and the Cochrane Library were
used to search for relevant randomized controlled trials or
systematic reviews.

Table 5.5 Systematic reviews of paracetamol: safety issues.

Author Date of last
search

Purpose of review No. trials included and no.
participants

Key findings

Brok et al.57 December 2005 Interventions for

paracetamol overdose.

Dose not applicable

10 small RCTs, 1 quasi-RCT

and 48 observational trials.

Includes some healthy

volunteer studies.

Approximately 850

participants in RCTs

Activated charcoal, gastric lavage

and ipecacuanha are able to

reduce absorption of

paracetamol, but clinical benefit

not demonstrated

Dart et al.58 November 1999 Assess the use of

paracetamol in

alcoholic patients to

evaluate any hepatic

injury. Dose 1–4 g daily

27 trials (2 RCTs, 1

prospective, rest were case

studies). 315 participants

excluding the case studies

RCTs: No deterioration in liver

function or any clinical

manifestations over 48-hour

period. Prospective study: no

adverse effects noted over 14-

day period

Morgan and

Majeed59
2003 Assessment of regulations

issued in 1998 to

restrict sales of

paracetamol and their

impact on poisoning

12 trials, all observational There was an overall reduction in the

volume of paracetamol sold. 3

studies in liver units reported a

reduction in referrals; 3 studies

reported a reduction in the

severity of poisoning, while 5

studies reported no change; 5

studies reported a decrease in

hospital admissions while 1

study reported no change. 2

studies reported no change in

deaths due to paracetamol, 1

study reported a decrease

RCT, randomized controlled trials.
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KEY LEARNING POINTS

� Nitrous oxide is a useful short-acting adjunct, which

provides some analgesia in labor and is effective for

procedural analgesia in adults and children in a wide

variety of settings. Its adverse effects on vitamin B12,

in particular with repeat exposure, require consideration

and supplementation to avoid rare, but serious toxicity

leading to bone marrow suppression and neuropathy.
� Continuous infusions of low doses of the N-methyl-D-

aspartate (NMDA) receptor antagonist ketamine have

opioid-sparing effects and reduce adverse effects of

opioids in the acute pain setting. This approach also has

a preventive analgesic effect, provides analgesia in pain

poorly responsive to opioids, and may be particularly

useful in settings of hyperalgesia, allodynia, and opioid

tolerance.
� The alpha-2 adrenoreceptor agonists clonidine and

dexmedetomidine have an opioid-sparing effect in the

acute pain setting; however, they can lead to sedation

and hypotension.
� Anticonvulsants, in particular the gabapentinoids

gabapentin and pregabalin, are not only effective in

acute neuropathic pain states, but also in reducing

postoperative pain and opioid requirements. They may

become an important component of multimodal

analgesia.
� Antidepressants play no role as adjuvants in the

treatment of acute pain, but have shown a preventive

effect on the development of subsequent chronic pain

states.
� Corticosteroids, in particular dexamethasone, are not

only a very effective prophylaxis for postoperative

nausea and vomiting, but also reduce pain and swelling

in certain postoperative settings.
� Calcitonin is an effective treatment for the pain of

vertebral crush fractures and for postamputation

phantom limb pain.
� Systemic administration of lidocaine is an effective

treatment of acute neuropathic pain of peripheral

and central origin; due to its anti-inflammatory

effect it might also be a useful adjuvant for

perioperative pain treatment with benefits for analgesia

and outcome.

INTRODUCTION

The pharmacological options for the treatment of acute
pain are greater than ever, due in part to our better
understanding of nociceptive pathways and their spinal

and cerebral processing and driven by the ever-increasing
demand to treat pain more effectively. Nonsteroidal anti-
inflammatory drugs and opioids continue to be the
mainstay analgesics for acute pain, but the role of other
so-called adjuvant drugs is expanding rapidly, many with



very clear indications for their use supported by scientific
evidence from trials and meta-analyses. Mostly, these
drugs are co-administered with standard analgesics as
part of a multimodal regime, but in some instances, the
literature suggests a more primary role for effective acute
pain management. This chapter will discuss the current
status of adjuvant drugs in the acute pain context,
together with their clinical pharmacology.

NITROUS OXIDE

Introduction

The analgesic properties of nitrous oxide (N2O) were
recognized over 200 years ago,1 and the use of this in-
organic gas in anesthesia practice continues to date,
although with the advent of newer, superior anesthetic
and analgesic drugs with less potential for toxicity its
popularity and routine use seems to be waning.2 Never-
theless, its current role as a short-acting analgesic for a
variety of indications persists, with sufficient evidence
supporting its ongoing use. Its physical and chemical
properties are briefly summarized in Box 6.1 below.

Pharmacokinetics

In many countries, commercial preparations of N2O for
analgesic use are presented as gas mixtures containing 50
percent oxygen and 50 percent N2O, contained in cylinders
compressed to a pressure of 13,700 kPa. Delivery of this
mixture to the patient is via a mask and pressure demand
regulator that allows gas flow during inspiration.5 The
inhaled N2O reaches the alveoli and here concentrations
rapidly approach the inspired concentration because of its

low solubility. The rate of uptake is increased by increased
alveolar ventilation and decreased cardiac output. Sub-
sequent distribution favors organs with relatively high
blood flow particularly the brain and spinal cord, which
are the predominant sites of action. N2O is eliminated
mostly via the lungs without undergoing any significant
metabolism in humans, although minimal amounts are
lost through the skin.6

Mechanism of action and clinical effects

Until recently, surprisingly little was known regarding the
precise pharmacological mechanism of action of N2O and
its analgesic and anesthetic effects.6 Animal studies and
some human studies have begun to unravel these rather
complex neurochemical mechanisms, and it seems likely
that N2O mediates antinociceptive effects in the central
nervous system by first releasing opioid peptides in the
peri-aqueductal gray area of the midbrain and in the
noradrenergic nuclei of the pons. This then leads to
activation of descending inhibitory neurons that release
noradrenaline on alpha-2 adrenoreceptors in the dorsal
horn of the spinal cord.7 In essence, the net result is
modulation of ascending pain transmission at the level of
the spinal cord, i.e. ‘‘antinociception.’’

Side effects and toxicity of nitrous oxide

Euphoric and dysphoric experiences are relatively com-
mon with analgesic concentrations of N2O,

8[II] although
these are unlikely to depress consciousness unless other
central nervous system depressants are used con-
comitantly. Cerebral blood flow, cerebral metabolic rate,
and intracranial pressure are increased by nitrous oxide,
and these effects can be significant.9, 10[III] Mean arterial
pressure is unchanged or slightly elevated, most likely due
to its mild sympathomimetic effect increasing systemic
vascular resistance. This effect offsets the mild, direct
myocardial depressant actions, but also causes pulmonary
vasoconstriction.3 Respiration is well maintained with
subanesthetic concentrations of N2O, but ventilatory
responses to hypoxia and hypercarbia are attenuated.2

N2O does not produce skeletal muscle or uterine relaxa-
tion, and is not a trigger for malignant hyperpyrexia, but
is a significant cause of nausea and vomiting.11[II]

N2O is much more soluble than nitrogen in blood and
will enter air-filled spaces in the body more rapidly than
nitrogen can escape, leading to an increase in either
volume or pressure in that space. This precludes its use in
a number of clinical situations including pneumothorax,
bowel obstruction, pneumoencephalon, pneumoper-
icardium, and recent middle ear and eye surgery.12, 13 One
must also note that when N2O is discontinued, this same
physical phenomenon can also lead to its rapid movement
into the alveoli lowering oxygen concentrations and can

Box 6.1 Physical–chemical properties of
nitrous oxide

� Colorless inorganic gas
� Sweet smelling
� Nonflammable, but supports combustion
� Specific gravity, 1.53
� Boiling point, �881C
� Critical temperature, 36.51C
� Critical pressure, 71.7 atmospheres
� Minimum alveolar concentration, 105
� Oil:water solubility coefficient, 3.2
� Blood:gas solubility coefficient, 0.47
� Presented as a 50/50 mixture of oxygen and

nitrous oxide for analgesic use

Modified from multiple sources, including Refs 3, 4.
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cause ‘‘diffusion hypoxia’’ unless supplemental oxygen is
administered.3

Severe neurological and hematological complications
can rarely occur with N2O caused by its inhibition of
vitamin B12, an essential coenzyme for methionine syn-
thase. Methionine synthase itself is crucial in the forma-
tion of both methionine (involved in myelin formation)
and tetrahydrofolate (involved in DNA synthesis).14, 15

Risk factors for these complications include the length of
exposure to N2O (and this includes repeated short-term
use), critically ill patients, the elderly, and underlying
vitamin B12 and folate deficiency. Clinical manifestations
include progressive but reversible bone marrow suppres-
sion, and progressive neuropathy and myelopathy that
may be irreversible.16

Therefore, N2O should not be used in patients with
known vitamin B12 deficiency and only after screening
for such in patients at risk. Prophylactic administration of
vitamin B12, methionine, and folinic or folic acid, as well
as monitoring for neuropathy, is recommended if repe-
ated use of N2O is contemplated.14, 15[V] There are lim-
ited human data on this to guide best practice,
nevertheless this practice is currently endorsed by clinical
guidelines.13[V]

N2O has been shown to be teratogenic in animal stu-
dies, but similar effects in limited human studies have not
been established.17, 18

Clinical use of N2O in acute pain management

N2O for short-term analgesia can potentially be utilized
in a range of clinical situations and across different age
groups. Its use for labor pain, for example, is well-
described worldwide, with established safety (both
maternal and newborn), provided that it is supervised by
physicians, nurses, or midwives, and evidence for some
analgesic efficacy.19[I] It is typically used intermittently
during the first stage of labor, but it can also be used at
any time including late in the active second stage.19

In the pediatric population, effective procedural
analgesia is essential to prevent undue distress (in children
and parents) and longer-term emotional trauma. The
current evidence supports the use of N2O here, as it is
efficacious and safe for a variety of emergencies, minor
procedures, and other painful situations.20[I] The most
common emergency settings are suturing minor lacera-
tions and the closed reduction of limb fractures,21[IV] but
N2O can also be used to facilitate insertion of peripheral
intravenous cannulas as an effective alternative to topical
local anesthetics.22, 23[II] Other pediatric procedures where
N2O has been evaluated for analgesia include lumbar
punctures,21[IV] dental treatments,24[II] fiberoptic
bronchoscopy,25[II] and intra-articular injections.26[IV]

Similarly, N2O is also useful in adult acute pain
management especially for short procedures, but also in
the emergency setting, and even in the prehospital period

by lay responders.27 Among other settings, it provides
effective analgesia for sigmoidoscopy,28[II] broncho-
scopy,29[I] venous access port insertion,30[II] as well as
reducing the discomfort associated with elective cardiac
defibrillation.31[III]

Pain management in burn patients is notoriously dif-
ficult and the acute pain is usually due to the burn injury
itself, but may also be associated with the multiple thera-
peutic procedures inevitably performed as part of its
management.32, 33 There may be a role for N2O as an
adjuvant for painful procedures, such as dressing changes
and debridements.34

NMDA RECEPTOR ANTAGONISTS

Introduction

Drugs in this class include ketamine, dextromethorphan,
memantine, and amantadine, although ketamine is by far
the more widely studied and used drug of this group in
both anesthesia and pain management. Indeed, sub-
stantial evidence from recent meta-analyses of rando-
mized controlled trials (RCT) supports the emerging
clinical use of ketamine as an adjuvant analgesic in acute
pain management, in addition to its role in chronic pain
and cancer pain settings.35

Physical and chemical properties

Ketamine hydrochloride is a phencyclidine derivative,
usually prepared as a racemic mixture and formulated as
an acid solution with an added preservative. This pre-
servative component precludes neuraxial administration
due to concerns regarding neurotoxicity, although
preservative-free preparations are available. In some
countries the more potent S(1)-ketamine enantiomer is
used. Oral, sublingual (transmucosal), and transdermal
preparations are used only experimentally.

Pharmacokinetics

These are briefly summarized in Table 6.1.

Mechanism of action and clinical effects

The nervous system is the primary pharmacological target
for ketamine, via central and possibly even peripheral
mechanisms involving various receptors (of which the
NMDA receptor is considered pivotal) and where it
interacts principally as a noncompetitive antagonist.36, 37

The NMDA receptor itself is a complex, ion channel-
coupled receptor that is activated in vivo by glutamate, the
predominant excitatory neurotransmitter of the central
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nervous system.38 The importance of this receptor in the
context of acute and chronic pain cannot be overstated.
Following injury to peripheral tissues or nerves, nocicep-
tion invariably results in NMDA receptor activation,
especially in the dorsal horn of the spinal cord. It is par-
ticularly noteworthy that these dorsal horn NMDA
receptors are also implicated in opioid tolerance,39 opioid-
induced hyperalgesia (a paradoxical phenomenon whereby
opioid-treated patients develop greater sensitivity to
pain),40 and are fundamental to the processes of ‘‘wind up’’
and ‘‘long-term potentiation’’ which occur in the devel-
opment of persistent and neuropathic pain states.41

Therefore, NMDA receptor antagonist drugs could play
an important role as adjuvant analgesics in the acute pain
setting, particularly so in patients who have developed or
are at risk of developing opioid tolerance, hyperalgesia, or
neuropathic pain. Of the currently registered drugs in this
class, ketamine seems to possess the ideal potency and
selectivity for NMDA receptors,41 and appears, on balance,
to be the most efficacious.42, 43, 44, 45[I]

General anesthetic doses of ketamine characteristically
induce a state of dissociative anesthesia, meaning that it
causes a dissociation between the thalamoneocortical and
limbic systems, preventing the higher centers from per-
ceiving visual, auditory, or painful stimuli.46 For the
purposes of pain management (acute and chronic) how-
ever, much smaller subanesthetic amounts are used (see
below under Perioperative pain management), and this
applies to both bolus doses and continuous infusions.
Additional clinical effects may be observed with ketamine,
such as mild cardiovascular stimulation, bronchodilation,
and excessive salivation although these are far less pro-
minent with subanesthetic doses. Respiration and upper
airway reflexes are relatively well maintained with keta-
mine, as is uterine and skeletal muscle tone.46

Side effects and toxicity

The widespread medical use of ketamine and other
NMDA receptor antagonists has always been limited by

fears of undesirable side effects and concerns regarding
abuse potential, as well as the uncertainty of possible
long-term sequelae with chronic use.47 By limiting the
duration and using very low doses of ketamine for
analgesic purposes, the overall incidence of many of these
side effects is significantly attenuated.

Minor side effects include nausea and vomiting, as well
as excessive salivation, and are rarely encountered and can
be effectively managed with antiemetics and antisialogues
as necessary. On this point, it is interesting to note that
ketamine used concurrently with opioid-based post-
operative analgesia actually reduces the incidence of
nausea and vomiting, probably via its opioid sparing
effects.42[I]

Central nervous system side effects can include dizzi-
ness, dreams, diplopia, nystagmus, dysphoria, hallucina-
tions, and sedation. With low-dose ketamine, the overall
incidence is low in the range of less than 10 percent and
can be further minimized with coadminstration of ben-
zodiazepines or following general anesthesia.43, 44

Ketamine is a well-known substance of abuse, with
reports of nonmedical use for its psychoactive effects
dating back almost 40 years.47, 48 For these reasons, it is a
controlled drug in many countries including Australia
and the United States. Long-term abuse may result in
behavioral disturbances and altered memory function,49

although this seems highly unlikely to be relevant in the
current context of short-term, low-dose ketamine use in
acute pain management.

Clinical use in acute pain management

Based on the current understanding of the mechanism of
action of ketamine on the NMDA receptor in particular,
and supported by extensive clinical data from randomized
controlled trials and meta-analyses, the use of ketamine
(in subanesthetic doses) is indicated in a number of
clinical settings, as summarized in Table 6.2. The doses
suggested are a guide only and reflect the significant
heterogeneity amongst published data.

Table 6.1 Ketamine pharmacokinetics.

Ketamine

Absorption Rapidly absorbed following sublingual, oral, and intramuscular administration

Oral bioavailability approximately 20%

Distribution Volume of distribution between 1–3 L/kg

Distribution half-life 7–11 minutes

20–50% plasma protein bound

Metabolism Extensive hepatic metabolism occurs including dealkylation, hydroxylation, and conjugation reactions

Norketamine, the major metabolite, is active as an NMDA antagonist

Excretion Renal clearance 15mL/min/kg

90% excretion in the urine, mostly as metabolites, with about 2–4% unchanged

5% excreted in feces

NMDA, N-methyl-D-aspartate.
Modified from multiple sources, including Ref. 3.
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ACUTE PROCEDURAL PAIN

A wide range of painful procedures and interventions
commonly encountered in emergency departments, burn
units, and oncology wards can be managed effectively
with ketamine, much in the same manner as described
under Nitrous oxide above, and while there is greater
clinical experience in pediatric patients its use can be
extended to all age groups.20[I], 50[V], 51[II]

Typically, intravenous doses less than 1mg/kg are
described in the literature, although higher doses can be
used when sedation is also desirable, but this must be
done with caution and only by practitioners who are
appropriately trained in managing such patients in the
correct environment.

PERIOPERATIVE PAIN MANAGEMENT

There is keen interest in the use of low-dose ketamine as
an adjuvant to opioid-based analgesia in the perioperative
period, and this potential role has been examined in three
recent meta-analyses, demonstrating efficacy for at least
24 hours post operation, highlighted by improved pain
scores, reduced opioid consumption, and decreased
nausea and vomiting.42, 43, 44[I] These meta-analyses also
confirmed that in this context, adverse effects due to
ketamine itself are either mild or absent, most likely a
reflection of the small doses used.

Ketamine is similarly useful when coadministered with
morphine as a bolus in the recovery room when treating
severe pain that is initially recalcitrant to opioids alone.52

[II]
The most commonly utilized method of administra-

tion, however, is via a separate continuous intravenous
infusion of ketamine (approximately 100–200 mg/kg per
hour), administered concurrently with the opioid-based
analgesic (via continuous infusion or patient-controlled
analgesic (PCA) device); a fixed combination of ketamine

and morphine via an intravenous PCA device has not
been shown to be effective as a postoperative analgesic
technique in five randomized controlled trials.53, 54, 55,
56, 57[II]

The issues of opioid tolerance and opioid-induced
hyperalgesia are extremely relevant to the current and
future practice of acute pain management, the underlying
key theme being lack of opioid potency leading to
inadequately treated acute pain, especially in periopera-
tive patients. Strategies which utilize multimodal analge-
sia, including adjuvants such as ketamine, are
recommended in these patients.58, 59, 60, 61[IV] Those
considered at risk include all patients treated with long-
term opioids (especially in high doses) regardless of
indication, as well as those who chronically abuse illicit
opioids.40 It is of note that even opioid-naive patients can
be at risk of these phenomena acutely and then benefit
from ketamine, such as when high-dose remifentanil is
used intraoperatively.62[II]

A further useful property of ketamine in the peri-
operative period lies in its so-called preventive analgesic
properties, whereby the reduction in postoperative pain
intensity or analgesic consumption (or both), continues
past the expected clinical duration of action of the drug.63

[I], 64 The implications of this phenomenon go beyond
the superior analgesia and opioid-sparing effects observed
in the acute phase and signify the ability of this drug to
reduce peripheral and central sensitization that arises
from noxious perioperative stimuli.65 In a practical sense,
wound hyperalgesia and residual pain is reduced, even
after 12 months.66[II] It remains to be seen if this
application can be extended to the prevention of persis-
tent postsurgical pain.67

ACUTE NEUROPATHIC PAIN

Neuropathic pain may be an early presenting feature in a
wide range of conditions, in both surgical and

Table 6.2 The role of ketamine in acute pain management.

Acute procedural pain Perioperative pain management Acute neuropathic pain

In the emergency department,

e.g. fracture reductions

As an opioid-sparing drug, e.g. in combination with

opioid-based analgesia when treating severe

postoperative pain in recovery rooms, on

postoperative wards and in intensive care units

Medical conditions, e.g. acute

zoster, poststroke, multiple

sclerosis

In the burn unit, e.g. burn

dressings

As a recovery room rescue co-analgesic

postoperatively for severe pain

Surgical conditions or trauma,

e.g. spinal cord injury, burns,

postamputation

In oncology wards, e.g. lumbar

puncture, bone marrow biopsy

For opioid-tolerant patients, e.g. chronic opioid use or

abuse

In radiology suites, e.g. contrast

enemas

For opioid-resistant pain, e.g. opioid-induced

hyperalgesia or allodynia in neuropathic pain as

‘‘preventive’’ analgesia

Adapted from multiple sources, including Refs 35, 42, 43, 44, 45.
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nonsurgical settings. The true prevalence of acute neu-
ropathic pain is unclear, although one Australian study
suggested an incidence of 1–3 percent in an acute pain
service.68 Typically, this type of pain is not completely
responsive to opioids at usual doses,69, 70 and adjuvants
are more likely to be needed. Ketamine might be such an
adjuvant, although admittedly much of the data on this
are either from experimental studies,71 or are extrapolated
from chronic pain studies.72 There is currently only
moderate evidence for the use of ketamine in neuropathic
pain, but it might still be a reasonable option if other
alternatives have been unsuccessful. This might be parti-
cularly true for acute neuropathic pain states, such as
spinal cord injury pain,73[II] central poststroke pain,74[V]
and ischemic pain.75[II]

ALPHA-2 ADRENORECEPTOR AGONISTS

Introduction

Drugs such as clonidine and dexmedetomidine are
included in this group of alpha-2 adrenoreceptor agonists
that are useful adjuvants in acute pain management.
Other newer drugs in this class that have even greater
selectivity and fewer side effects have been developed, but
as yet have not reached mainstream clinical use. Within
the context of acute pain management and based on
supportive evidence from clinical trials and reviews, it
seems the main areas of clinical utility for these drugs lies
in the perioperative period and in intensive care units.
Furthermore, the role of these drugs in the management
of selected chronic pain states, and in cancer pain man-
agement continues to evolve.

Physical and chemical properties

Clonidine and dexmedetomidine are both imidazole ring
compounds. Clonidine is prepared for oral and parenteral
administration (as well as for use in regional analgesia),

whereas dexmedetomidine is currently available for
intravenous use only, typically prepared as an infusion in
intensive care units. The relative selectivity of these two
drugs for alpha-2 receptors compared to alpha-1 recep-
tors differs, with clonidine being less selective (approxi-
mately 220:1) compared to dexmedetomidine
(approximately 1620:1).76

Pharmacokinetics

These are briefly summarized in the Table 6.3.

Mechanism of action and clinical effects

Adrenoreceptors are ubiquitous in humans and mediate a
vast range of complex homeostatic functions within the
central nervous system, as well as peripheral organs. For
example, in the central nervous system (i.e. brain and
spinal cord) alpha-2 adrenoreceptors are involved in
nociception, alertness, regulation of blood pressure, and
sympathetic nerve function, whereas in the periphery
these receptors control vascular and smooth muscle
contraction, a range of gastrointestinal and metabolic
functions, as well as endothelial and urogenital
function.78

Pharmacological agonists at these receptors, such as
clonidine and dexmedetomidine, exert their various
effects by initially binding to this receptor and then
activating inhibitory G-proteins.78 Subsequent intracel-
lular events and cascades include activation of second
messengers, and actions directly on neuronal ion channel
function, all of which ultimately lead to a targeted cellular
response. Typically, the observed clinical effects of these
drugs are analgesia, sedation, and sympatholysis, affecting
the cardiovascular system in particular.79

With regards to analgesic mechanisms, the primary site
of action is in the spinal cord, but it is recognized that
supraspinal and even peripheral sites of action coexist,80

although their relative importance is still to be

Table 6.3 Pharmacokinetics of selected alpha-2 adrenoceptor agonists.

Clonidine Dexmedetomidine

Absorption Rapidly and well absorbed following oral and intramuscular

administration; oral bioavailability 100%

N/A; prepared only for intravenous

administration

Distribution Volume of distribution between 1.7–2.5 L/kg; 20% plasma protein

bound

Volume of distribution 1.33 L/kg; 94%

plasma protein bound

Metabolism Less than half the administered dose undergoes hepatic metabolism;

five inactive metabolites identified

Quite extensive hepatic metabolism

Excretion Approximately two-thirds of the administered dose excreted in urine

(half of this unchanged) and the rest is excreted in the feces;

clearance 1.9–4.3mL/min/kg

95% excretion of metabolites in the

urine with a small remainder

excreted in the feces; clearance

approximately 39 L/hour

Modified from multiple sources including Refs 4, 77.
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determined.77 The potential mechanisms of alpha-2
adrenoreceptor-mediated analgesia are multifactorial, but
ultimately these effects are mediated by changes in neu-
ronal ion channel function leading to modulation of
nociception.77 It is also of great interest that spinal alpha-
2 receptors have been implicated in the development of
neuropathic pain in experimental animal models, and
that the administration of alpha-2 agonists results in
antihyperalgesic effects.80, 81, 82

The sedative (and anxiolytic) actions are due to alpha-
2 agonist actions in the locus ceruleus of the brain stem
and are dose dependent in nature. When used intra-
operatively they have significant anesthetic-sparing effects
in the order of 30–40 percent.83 In contrast to opioids,
respiratory depression does not occur however, nor do
these compounds potentiate opioid-induced respiratory
depression.84

There are a number of dose-dependent cardiovascular
effects that are due to central decreases in sympathetic
tone, as well as peripheral actions on vasculature. Heart
rate and blood pressure both decrease at clinically relevant
doses of alpha-2 agonists, the effect more prominent in
patients with higher resting sympathetic tone, and less
prominent in healthy and physiologically unstressed
individuals. Baroreceptor reflexes are not impaired and
the responses to vasopressors are maintained.84

Other clinical effects include a dry mouth due to a
decrease in salivation, an ability to decrease post-opera-
tive shivering, and a decrease in intraocular pressure by
about 30 percent.84

Side effects and toxicity

The sedative effects are dose dependent and can result in
an unrouseable patient if inappropriate doses are used;
therefore titration of the drug is essential to achieve the
desired clinical effects (see below under Clinical use in
acute pain management). These drugs should be avoided
in patients who are hypovolemic or hemodynamically
unstable, in patients with underlying bradyarrhythmias,
and where controlled hypotension is to be employed as
part of the anaesthetic.85 Other side effects include con-
stipation and impairment of sexual function.

Clinical use in acute pain management

On the basis of evidence from clinical trials and recent
reviews,76, 83, 86, 87, 88 the use of clonidine (and to a lesser
extent dexmedetomidine) is indicated in the following
clinical settings.

PERIOPERATIVE SYSTEMIC USE

Clonidine administered either as a premedication or
intraoperatively, in doses ranging from 2 to 5 mg/kg, has

been extensively trialled in a wide range of pediatric and
adult surgical populations with success achieving appro-
priate levels of anxiolysis and sedation, as well as reducing
anesthetic requirements. In addition to this, intra- and
postoperative opioid analgesic requirements were sig-
nificantly reduced in the order of 30–50 percent, with an
attendant decrease in opioid-related side effects such as
nausea, vomiting, and pruritis.89, 90, 91, 92, 93[II] Sedation
and bradycardia are the most common side effects but
rarely of clinical consequence, even in neonates when the
drugs are administered to the mother prior to cesarean
section.89[II] In some situations, the sedative effects may
actually be beneficial in preventing agitation in the
recovery room, such as shown in pediatric patients fol-
lowing sevoflurane anesthesia.94[II] In addition, by con-
tinuing the clonidine for four days postoperatively in
high-risk patients undergoing noncardiac surgery, cardiac
morbidity and mortality has been found to be reduced,
even at two years.95[II]

The addition of clonidine to an opioid-based PCA
device does not achieve sustained analgesic benefits and
does not reduce morphine consumption, a situation that
bears similarity to ketamine as discussed above under
NMDA receptor antagonists.96[II]

As far as intraoperative dexmedetomidine is con-
cerned, the limited data thus far do suggest similar ben-
efits to clonidine with regards to postoperative analgesia
and opioid-sparing effects,97, 98[II] but further clinical
studies are required.

USE IN THE INTENSIVE CARE UNIT

The importance of appropriate sedation and analgesia in
intensive care patients cannot be overstated.99 A number
of different agents have been used over the years for this
purpose including opioids, benzodiazepines, and propo-
fol, but none of them are ideal and each has their own
undesirable effects in critically ill patients. Dexmedeto-
midine is easily titratable as an intravenous infusion and
possesses a number of desirable properties such as sed-
ation and analgesia, but does not impair respiratory
function, which is highly important to prevent prolonged
mechanical ventilation.100[II] In cardiac surgery patients,
for example, postoperative analgesic requirements in the
intensive care unit are reduced by about 50 percent.101[II]

ACUTE NEUROPATHIC PAIN

Despite abundant animal data implicating adrenergic
mechanisms in neuropathic pain models and the efficacy
of alpha-2 agonists in these experiments, there is currently
a notable lack of human data to support the use of these
drugs for this indication. Even in chronic neuropathic
pain states, the evidence for these drugs, either systemi-
cally or more commonly via neuraxial routes, is weak at
best.102 Further work is required in this field if the

102 ] PART I GENERAL CONSIDERATIONS



promising experimental results are to be extrapolated and
realized in humans.

ANTICONVULSANTS

Introduction

The use of anticonvulsant drugs in chronic and neuro-
pathic pain conditions is common and well supported by
clinical evidence.103, 104, 105 While the use of these drugs in
acute pain management may seem quite novel, there is
mounting experimental and clinical evidence supporting
their inclusion in the multimodal analgesic mix.106 In
addition, some of these drugs may have a niche role as
primary analgesics for specific indications. Of the
numerous anticonvulsants currently available, only a few
appear to have potential clinical utility in acute pain
management and these include gabapentin, pregabalin,
and valproate.

Physical and chemical properties

Anticonvulsants are chemically diverse and while gaba-
pentin and pregabalin are structurally similar to the
endogenous neurotransmitter gamma-aminobutyric acid
(GABA), valproate (a carboxylic acid compound) does
not share any such structural similarities. These drugs are
all prepared for oral administration, although parenteral
forms of valproate are available as well.

Pharmacokinetics

These are briefly summarized in Table 6.4.

Mechanism of action and clinical effects

Anticonvulsant drugs exert multiple pharmacological
actions on the nervous system, with remarkable simila-
rities between the antiseizure and analgesic mechan-
isms.107 With regards to their specific analgesic
mechanisms, it appears that gabapentin, pregabalin, and
valproate all interact with voltage-gated calcium channels
and suppress activity at NMDA and AMPA receptors as
well.106 Other anticonvulsants have significant voltage-
gated sodium blocking effects, thought to be important in
neuropathic pain mechanisms.

Experimental studies in animals have shown the ability
of some (but not all) anticonvulsants to attenuate noci-
ceptive processes in both inflammatory and neuropathic
pain models.107, 108 Furthermore, human studies with
gabapentin and pregabalin, for example, show their
ability to suppress experimentally induced skin hyper-
algesia in otherwise healthy volunteers,109 while also
enhancing the analgesic effects of opioids.110 These find-
ings have forged the way towards a number of clinical
trials in the perioperative setting.

Side effects and toxicity

Side effects are relatively common with all anticonvulsant
drugs currently in use, some of which are dose dependent
and others idiosyncratic.107 Gabapentin and pregabalin
both have similar side-effect profiles, with sedation, diz-
ziness, ataxia, diplopia, nausea, and peripheral edema
among some of the more common side effects.

Valproate causes similar central nervous system side
effects, but in addition may result in blood dyscrasias,
elevated liver function tests, and rare skin reactions. The
teratogenic potential of these drugs in rats is established,

Table 6.4 Pharmacokinetics of selected anticonvulsants.

Gabapentin Pregabalin Valproate

Absorption Variable bioavailability dependent on

dose; e.g. daily doses/

bioavailability: 1200mg/47%;

2400mg/34%; 3600mg/33%;

4800mg/27%

Good oral absorption; oral

bioavailability490% independent

of dose

Rapid and almost complete

oral absorption

Distribution Volume of distribution 58 L; less than

3% bound to plasma proteins

Volume of distribution 0.56 L/kg; not

bound to plasma proteins

Nonlinear kinetics;

concentration-dependent

plasma protein binding

(90%)

Metabolism No significant metabolism in humans No significant metabolism in humans Complex metabolism,

including glucuronidation

and oxidation

Excretion Eliminated via renal excretion, mostly

as unchanged drug; elimination

half life 5–7 hours

Eliminated via renal excretion, mostly

as unchanged drug; elimination

half-life 6.3 hours

Significant metabolism prior to

excretion; half-life range

3.8–15.7 hours

Modified from multiple sources.
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with some suggestions of potential adverse effects in
pregnant women. In the context of acute pain manage-
ment, particularly in the perioperative setting, it would be
sensible to avoid these drugs in early pregnancy.

Clinical use in acute pain management

Specific anticonvulsants certainly have a potential role in
acute pain management but thus far only for particular
indications such as in the perioperative period, in acute
neuropathic pain states, and in acute migraine.

PERIOPERATIVE USE: GABAPENTINOIDS

Anticonvulsants for perioperative pain management are
currently only in the initial stages of clinical use. Pre-
clinical data discussed above have suggested a role as an
adjunct to opioids in particular, especially the peri-
operative setting, and this has now led to a significant
number of very recent clinical trials evaluating the effect
of gabapentin.

In these double-blinded randomized controlled trials,
gabapentin was administered preoperatively in single
doses ranging from 300 to 1200mg, and in some cases
continued into the early postoperative period. The types
of surgery varied significantly, including gynecological
surgery, orthopedic and spinal surgery, as well as onco-
logical surgery, and even transplant surgery. There were
even suggestions of improved postoperative pulmonary
function following hysterectomy,111[II] and enhanced
functional recovery following knee surgery.112[II]

Similar results were found in the few studies per-
formed with pregabalin in the setting of dental pain113[II]
and after spinal fusion.114[II]

A number of meta-analyses of these trials have been
performed in 2006 and 2007.115, 116, 117, 118, 119[I] Overall,
they confirm the analgesic (at rest and with movement)
and opioid-sparing effects of even single doses of gaba-
pentin preoperatively, while leading to minor adverse
effects, in particular increasing the incidence of seda-
tion.115, 116, 117, 118, 119[I] In parallel, the use of gaba-
pentinoids perioperatively led to a decrease in nausea
(number needed to treat (NNT) 25), vomiting (NNT 6),
and urinary retention (NNT 7).119[I] These effects were
not dose-dependent in the dose range of 300–1200mg
investigated in the studies analyzed.119[I]

It would seem from these data that gabapentinoids are
establishing themselves in the paradigm of multimodal
analgesia in the perioperative period; their role as ‘‘pro-
tective premedication’’ has been previously discussed in
the literature.120 However, the studies included in the
above meta-analyses used a wide range of gabapentin and
pregabalin doses and regimens of dosing. This means that
any particular dosing regimen cannot be recommended
currently; it is also unclear of which duration the peri-
operative intake of these compounds should be and if

there are any long-term benefits such as reduced chronic
pain from the perioperative use.

PERIOPERATIVE USE: OTHER ANTICONVULSANTS

In comparison to the gabapentinoids, other anti-
convulsant drugs have received much less attention, with
very few clinical studies examining their role in the
perioperative period and no relevant findings. One study
found no benefit in intravenous valproate administered
postoperatively.121[II]

Furthermore, a recent meta-analysis of carbamazepine
in both acute and chronic pain concluded there was
currently no role for this drug in acute pain manage-
ment.122[I]

ACUTE NEUROPATHIC PAIN

As outlined for ketamine and clonidine (see above under
NMDA receptor antagonists and Alpha-2 adrenoreceptor
agonists, respectively), neuropathic pain may be a sig-
nificant presenting feature in various surgical and non-
surgical conditions, and the use of adjuvant drugs is more
likely to result in effective analgesia. There are compelling
data on the use of anticonvulsant drugs in a range of
chronic neuropathic pain conditions.103, 104, 105 By extra-
polation, they could also be used in acute situations as
well.13 Specific acute neuropathic pain conditions where
anticonvulsants have been used successfully include spinal
cord injury (gabapentin),123[II] Guillain–Barré syndrome
(carbamazepine and gabapentin),124, 125[II] and post-
amputation phantom limb pain (gabapentin).126[II]

ACUTE MIGRAINE HEADACHES – ABORTIVE THERAPY
USING VALPROATE

Migraine refers to a common group of primary headache
disorders, affecting nearly 20 percent of women and about
6 percent of men, but also affecting up to 3 percent of
children.127 Vast numbers of trials and reviews concerning
pharmacological treatment and prevention of migraines
have resulted in evidence-based guidelines.13, 127, 128

Valproate is not only considered beneficial in migraine
prophylaxis,129 but there are studies that also suggest
intravenous valproate is beneficial in aborting acute epi-
sodes of migraine,130[III], 131[II], 132[III], 133[II] although
it is generally agreed that simple analgesics and triptans
should be tried initially.13, 134[I] Patients with acute
migraine who have not responded to these initial mea-
sures commonly present to emergency departments,135

and this is where additional treatments such as intra-
venous valproate may have a crucial role, particularly if
nausea and vomiting (which is common in migraine)
precludes administration of standard oral treatments. The
effective doses used ranged from 300mg to a maximum
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of 1200mg in these studies, resulting in rapid improve-
ments in pain and other migraine symptoms. To date, no
trials have compared the relative efficacy of different
valproate doses so it would seem reasonable to try to
administer the minimum effective dose in clinical prac-
tice, until further studies clarifying this issue are
published.

ANTIDEPRESSANTS

Introduction

While antidepressants, in particular the tricyclic com-
pounds, are the most effective treatment of chronic
neuropathic pain136 and other chronic pain states, they
play only a minor role as adjuncts for the treatment of
acute pain.

Clinical use in acute pain management

Neither in experimental137 nor in clinical acute pain after
othopedic138[II] and breast surgery139[II] did tricyclic
antidepressants show any analgesic effect.

However, antidepressants had a preventive effect on
the development of neuropathic pain in a number of
acute settings. Perioperative use of venlafaxine in breast
surgery reduced the incidence of chronic pain assessed six
months after the operation.139[II] Similarly, amitriptyline
given to patients with acute herpes zoster halved the
incidence of postherpetic neuralgia at six months.140

In analogy to the effectiveness of tricyclic anti-
depressants in chronic neuropathic pain, there might also
be a role for them in the treatment of acute neuropathic
pain states.13

CORTICOSTEROIDS

Introduction

Synthetic corticosteroids have anti-inflammatory,
analgesic, and antiemetic properties that are all poten-
tially useful in acute pain management, notably in the
perioperative setting.

Physical and chemical properties

The adrenal cortex produces steroid hormones that are
involved in a vast number of physiological functions but,
from a more simplistic pharmacological point of view,
they can be considered either glucocorticoids or min-
eralocorticoids. The former are more relevant to the
current discussion as they have important effects on
inflammation. A range of synthetic drugs are available

clinically and they all share similarities in basic steroid
composition; dexamethasone is most commonly studied
in acute pain settings. Multiple formulations exist, but
only the oral and parenteral forms are relevant to this
discussion.

Pharmacokinetics

These are briefly summarized for dexamethasone in Table
6.5.

Mechanism of action and clinical effects

At a cellular level, all steroids bind to intracellular
receptors and gain entry into the nucleus, subsequently
altering gene expression and leading to tissue-specific
effects. Glucocorticoids result in metabolic and immu-
nosuppressive effects, as well as dramatic anti-inflam-
matory effects, the latter due to inhibition of
phospholipase enzyme causing decreased production of
prostaglandins and other eicosanoids. These fatty acid
derivatives are normally induced following tissue injury
(including surgery) and are pronociceptive. The more
selective inhibition of these substances forms the basis for
treatment with nonsteroidal anti-inflammatory drugs,
and steroids therefore can be expected to result in similar
responses.

Despite considerable advances in the understanding of
mechanisms leading to nausea and vomiting, the
mechanism of action of the antiemetic effects of corti-
costeroids remain unknown.141

Side effects and toxicity

Single dose and even short-term use of steroids in the
acute pain management context is virtually devoid of
significant adverse effects based on clinical experience in
anesthesia and chemotherapy settings.

Table 6.5 Pharmacokinetics of dexamethasone.

Dexamethasone

Absorption Oral bioavailability 50–70%

Rapidly absorbed following intramuscular

injection

Distribution Small amounts plasma protein bound

Metabolism Predominantly hepatically metabolized

Excretion Inactive metabolites excreted in the urine,

mostly glucuronides and sulfates

Compiled from multiple sources.
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Clinical use in acute pain management

The best described use of steroids in acute pain man-
agement is in the perioperative period, particularly in
dental surgery,142, 143 but also in laparoscopic cholecys-
tectomy,144 and to a lesser extent in orthopedic, ambu-
latory, and pediatric ear, nose, and throat (ENT)
surgery.76, 86, 145, 146 Steroids, such as betamethasone in
doses 9–12mg and dexamethasone in doses 8–10mg,
given either as a premedication or intraoperatively,
resulted in reductions in pain and postoperative nausea
and vomiting142, 143, 145, 146[II], 147[I] and in the case of
dental surgery, the incidence of severe postoperative
swelling was less.142, 143[II] Theoretical concerns regard-
ing increased wound infections due to potential immune
suppression have not eventuated. The use of steroids
perioperatively as a prophylaxis against postoperative
nausea and vomiting is widespread,148 and their analgesic
benefits are a welcome secondary effect.

CALCITONIN

Introduction

Calcitonin has analgesic effects that were realized over 30
years ago in both animal models and in humans, paving
the way towards novel applications in pain manage-
ment.149 It has potential use in a number of acute and
chronic pain conditions, but only some of these have been
subjected to sufficiently rigorous trials and meta-analyses,
thus limiting the present use of this useful drug.

Physical and chemical properties

Calcitonin is a 32 amino acid polypeptide hormone
secreted by parafollicular cells in the thyroid gland. Sal-
mon calcitonin (molecular weight, 3431) is synthesized
for medical use, as it is considered significantly more
potent than the human type. It is presented in various
forms for administration via intranasal, rectal, sub-
cutaneous, intramuscular, and intravenous routes.149

Pharmacokinetics

These are briefly summarized in Table 6.6.

Mechanism of action and clinical effects

Calcitonin binds to a transmembrane G-protein coupled
receptor, resulting in actions by intracellular second
messengers such as c-AMP and calcium. The primary
physiological role of calcitonin appears to be calcium
homeostasis, although this function is predominantly
served by vitamin D and parathyroid hormone.149

The analgesic mechanisms are atypical, having been
studied at length in animals and humans.149 Calcitonin
receptors are widespread in tissues and importantly they
are found on central serotonergic neurons associated with
pain pathways. The current hypothesis is that calcitonin
produces antinociceptive effects via neuromodulation of
central serotonergic pain pathways.

Side effects and toxicity

The more common side effects include nausea and
vomiting, facial flushing, and dizziness. Antiemetics may
significantly attenuate the nausea and vomiting, and are
commonly co-administered. Less commonly, flu-like
symptoms may occur (i.e. fevers, chills, arthralgias)
and rashes may sometimes develop. Localized or gen-
eralized hypersensitivity reactions may occur in very rare
cases.149

Long-term administration (up to five years) is con-
sidered safe and does not seem to cause any serious side
effects.150

Clinical use in acute pain management

Calcitonin has found clinical utility in acute, chronic, and
cancer pain management.149 In the field of acute pain
management, it is a useful adjuvant in vertebral fractures
and in phantom limb pain.

Table 6.6 Pharmacokinetics of (salmon) calcitonin.

Calcitonin

Absorption Not administered orally as it is a protein, and would be inactivated in the gut; bioavailability after subcutaneous (s.c.)

or intramuscular (i.m.) injection is about 70%; onset is immediate following intravenous administration, and 15

minutes following s.c. or i.m; peak plasma levels within one hour

Distribution Volume of distribution 0.15–0.30 L/kg

Metabolism Rapidly metabolized to unidentified and inactive metabolites, mainly in the kidneys, blood, and peripheral tissues

Excretion 95% excreted by the kidney; elimination half life 60–90 minutes

Modified from multiple sources, including Ref. 149.
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ACUTE OSTEOPOROTIC VERTEBRAL CRUSH FRACTURES

Pain caused by acute osteoporotic vertebral fractures is
intense and debilitating, typically lasting several weeks, and
commonly persisting long term. A recent review examined
14 trials that have been undertaken to date, analyzing the
effects of daily calcitonin (administered in various forms)
in such patients.150 The patients reported better analgesia
at rest and with movement, used less additional analgesics,
and perhaps most importantly, had significantly improved
mobility and functional capacity.150[I]

The doses used ranged from 50 to 200 IU depending
on the route of administration and the duration of
treatment was at least two weeks, and even up to one year
in one study. Evidence-based clinical guidelines recom-
mend the use of calcitonin as a first-line agent in the
management of acute osteoporotic vertebral fractures.151

ACUTE PHANTOM LIMB PAIN

Phantom limb pain following amputations is very com-
mon with some suggestions as high as 60–70 percent in
the first year.152 Various treatments are reported in the
literature for both acute and chronic phantom limb pain,
yet consensus guidelines founded on a clear evidence base
are notably lacking at this time. Nevertheless, treatment of
acute phantom limb pain with calcitonin is a viable
option, based on case series results153, 154, 155[III] and one
double-blinded randomized controlled trial;156[II]
patients experienced rapid and sustained pain relief, even
after two years.

As noted with treatment of vertebral crush fractures,
the optimal dose and route of administration for phan-
tom pain is not known.

LIDOCAINE (SYSTEMIC ADMINISTRATION)

Introduction

Since the early 1950s, reports have appeared in the lit-
erature on the systemic, commonly intravenous, use of
local anesthetics, specifically lidocaine (lignocaine) to
provide pain relief.157 In an elegant experiment, Boas et
al.158 could show very early that there was selectivity of
the analgesic effect for neuropathic over nociceptive pain.
The assumed mechanism of action is inhibition of ectopic
discharge of damaged neurons,159 mediated by blockade
of sodium channels, which are overexpressed in these
pathological states.160 Clinically, this effect, which occurs
at plasma concentration far below those to induce con-
duction blockade, has been utilized in a wide range of
clinical settings.161

As physical and chemical properties, pharmaco-
kinetics, mechanism of action, side effects, and toxicity of
the local anesthetics for neural blockade are covered in

Chapter 7, Clinical pharmacology: local anesthetics, only
the clinical systemic use will be discussed here.

Clinical use in acute pain management

The effects of systemic lidocaine on neuropathic pain have
been analyzed in detail in a recent meta-analysis of 13
RCTs.161, 162 Overall, lidocaine, commonly administered in
a single slow bolus dose of 5mg/kg or as an infusion at a
rate of 1–2mg per minute, resulted in relief of neuropathic
pain superior to placebo and equivalent to other com-
pounds commonly used in this setting. Lidocaine was
effective in neuropathic pain of central and peripheral
origin.162[I] Adverse effects were minor and included
nausea, vomiting, drowsiness, and fatigue; the incidence of
such adverse effects was again similar to other compounds
used to treat neuropathic pain.162[I] However, in an RCT,
ketamine was superior to lidocaine in treating pain after
spinal cord injury.73[II] Systemic lidocaine has also been
used in pain conditions other than neuropathic pain.

In the postoperative setting, parenteral lidocaine has
been used as an adjunct to systemic analgesia under the
hypothesis, that its anti-inflammatory effects might
positively modulate the surgery-induced stress response.
After major abdominal surgery, intravenous lidocaine as a
bolus followed by infusion resulted in attenuated stress
response leading to improved pain control and reduced
opioid requirements, as well as faster bowel recovery and
reduced hospital stay in a number of RCTs.163, 164, 165[II]

For the treatment of burns pain, a Cochrane review
found no published RCTs and use in this indication can
only be based on case series or case reports.166[V]

Subcutaneous administration of lidocaine can be an
option in intractable terminal cancer pain.167[IV]

In view of its parenteral route of administration and
rapid onset of effect, parenteral lidocaine might be a
useful compound in the treatment of acute neuropathic
pain. It might also play a future role as an adjunct to
other systemic analgesics in the perioperative setting.

CONCLUSIONS

Adjuvant analgesics comprise a large and pharmacologically
diverse group of drugs that may be used to complement the
standard multimodal analgesic regime in the treatment of
acute pain. Their specific roles in acute pain management
are rapidly expanding and there is sufficient evidence at
present to guide their use in a variety of indications.
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KEY LEARNING POINTS

� Local anesthetics reversibly block nerve transmission.
� Na1 channel blockade is their primary action.
� Physicochemical properties determine potency, onset,

and duration.
� Cardiotoxicity, neurotoxicity, and anaphylaxis can occur.

� Dosing is based upon the drug used, the patient’s co-

morbidities and site of injection.
� Certain local anesthetic stereoisomers have better

safety profiles.

INTRODUCTION

Local anesthetics (LA) are a class of chemicals that
produce anesthesia (absence of sensation – pain, touch,
temperature, proprioception) in a body part without loss
of consciousness or impairment of central control of vital
functions. They bind to Na1 channels within nerves and
will block the action potentials for nerve conduction in
every type of nerve fiber. Therefore, afferent, efferent, and
sympathetic fibers may all be blocked, when often it is
only sensory block or analgesia that is needed. The
necessary characteristics of LAs are that their action is
reversible at clinically relevant concentrations. Cold,
pressure, and other drugs can produce LA effects, e.g.
phenothiazines, b-blockers and antihistamines, tricyclic
antidepressants and anticonvulsants.1 However, because
the above have problems with poor penetration into nerve
tissue and intolerable side effects, today’s useful LAs are
chemical descendants of the amino-ester cocaine.

HISTORY

Cocaine was the first LA to be used in clinical practice as a
topical anesthetic for ophthalmic surgery in 1884 by Carl
Koller.2 It was used for centuries by Andean natives for its
stimulatory and euphoric effects. It occurs in abundance
in the leaves of the coca shrub (Erythroxylon coca) and was
first isolated in 1860 by Albert Niemann. Although he
noticed the numbing effect it had on the tongue, it was
not until Sigmund Freud passed on this observation to
Koller that medical use was made of this action in the
form of topical anesthesia for eye surgery.3 The first nerve
to be blocked was the mandibular by Halsted and Hall in
the same year and, thereafter, the use of LAs exploded.
Crile first used the term ‘‘blocked’’ in 1897 and Cushing
was the originator of regional anesthesia in 1901.

The toxicity and addictive properties of cocaine were
disadvantageous and led to the search for synthetic sub-
stitutes. This resulted in the synthesis of procaine in 1905,



the prototype of LA drugs for the next 50 years. However,
it was the development and use of lidocaine by Lofgren in
1948 (the first amino-amide drug) that heralded the
reign of the modern LAs. Lidocaine is still commonly
used today and is the forefather of all the recent arrivals
(Table 7.1).

CELLULAR ELECTROPHYSIOLOGY

Butterworth and Strichartz4 present a more comprehen-
sive account of the electrophysiology of cellular mem-
brane potentials in their review. A nerve fiber or axon is a
cylinder of axoplasm that is separated from the extra-
cellular fluids by a semipermeable membrane. This
membrane is a lipid bilayer that encases proteins, it is
semipermeable because it is relatively impermeable to
various ions, except at protein channels where selective
ions can pass through.

The ionic composition of the axoplasm and extra-
cellular fluids differ markedly. This state is produced and
maintained by an electrogenic, energy requiring, mem-
brane bound enzyme Na1-K1 ATPase, which pumps
three Na1 ions out of the cell for every two K1 ions in.
The electrical gradient that exists across the membrane is
predicted by the Nernst equation.5 At rest, the predicted
membrane potential for K1 ions alone gives a value of
–86mV which agrees closely with the measured normal
resting potentials of cells (–50 to –90mV with the interior
of the cell negative to the exterior). This would imply that
at rest the nerve cell behaves as a potassium electrode,
thus changes in intra/extracellular K1 would markedly
alter the resting potential, whereas changes in Na1 con-
centration have little effect.

An action potential (AP) is an event that is complete
within 1–2ms and consists of a depolarization phase
followed by a repolarization phase. The depolarization
phase is due to the influx of Na1 ions through Na1

channels. As the Na1 channel closes spontaneously, the
duration of the Na1 influx is limited. Repolarization,

which accounts for 70 percent of the AP duration, is due
to the efflux of K1 ions through K1 channels.

The AP produces electrical fields sufficient to initiate
depolarization at a neighboring site and result in a self-
propagating process that will continue along the entire
length of the nerve fiber. After an AP, there is a refractory
period that prevents the membrane from depolarizing
again. This will prevent further depolarizations occurring
in the wake following behind an AP until a fresh impulse
arrives. The velocity of transmission is increased as the
diameter of the unmyelinated axon increases.

Larger fibers (greater than 1 mm in diameter) are
covered with a myelin sheath accounting for more than
half the thickness of the fiber. The myelin is a bilayer lipid
membrane extension from the Schwann cell that wraps
around the axon several hundred times and which con-
serves current leakage and enhances electrical efficiency.
The sheath is interrupted and deficient at intervals along
the axon (nodes of Ranvier) and at these points the cell
membrane is in closer contact with the extracellular fluid.
Most of the Na1 and K1 channels are present at these
nodes. This results in more rapid transmission as the AP
jumps from node to node (saltatory conduction). The
distance between nodes is proportional to the diameter of
the axon; so larger diameter fibers have nodes further
apart resulting in faster impulse transmission.

MECHANISM OF ACTION OF LOCAL
ANESTHETICS

The primary effect of LAs involves altering Na1 influx to
decrease the rate of depolarization, prolong the refractory
period, and slow the conduction velocity.5 In subminimal
concentrations, they will not prevent the development or
transmission of an AP, but will decrease the frequency of
impulses transmitted per second. When the minimum
blocking concentration (Cm) of an LA is exposed to the
nerve, complete conduction block is achieved primarily
because the rate and degree of depolarization is suffi-
ciently depressed that the threshold potential is never
reached. There is also a concomitant but lesser decrease in
the rate of repolarization. Initially, it was thought that LAs
have little or no inhibitory effect on K1 conductance and
that a direct relationship between the rates of depolar-
ization and repolarization existed.6 However, recent evi-
dence investigating the toxic side effects of LAs implicates
distinct K1 blockade in both cardiac and neurotoxicity.7, 8, 9

Additionally, LAs can directly and indirectly affect Ca21

stores via calcium receptors and muscarinic receptors.10

Site of action

Local anesthetics primarily act upon voltage-gated Na1

channels (Na(v)). The Na1 channel is a complex of gly-
cosylated proteins consisting of one a subunit and two b

Table 7.1 History of local anaesthetics.

Anesthetic Date

Esters (aromatic end–ester chain–amine end)

Cocaine 1884

Procaine 1905

Amides (aromatic end–amide chain–amine end)

Lignocaine 1948

Prilocaine 1960

Bupivacaine 1963

Ropivacaine 1996

Levobupivacaine 1998
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subunits (Figure 7.1).11 The a subunit consists of four
homologous domains (DI–IV), which each contain six
transmembrane helices (S1–S6). The transmembrane pore
of the Na1 channel is created by the circular arrangement
of the domains and lined by an additional helix between
S5–S6 (P segment).12, 13 The b subunits help to stabilize
the channel and modify the ion gating.

There are at least ten isoforms of the a subunit and five
genes coding the b subunit.14 Importantly, they have
differing gating properties and are expressed to different
levels in the body; they can be distinguished by their
affinity for tetrodotoxin.15, 16 Certain isoforms are clus-
tered to specific tissues, e.g. Na(v)1.2 brain, Na(v)1.4 ske-
letal muscle, and Na(v)1.5 in cardiac muscle, suggesting
the possibility for targeted therapeutic interventions if
specific Na(v) blocking drugs can be synthesized.17

The internal hydrophobic residues on (S6) of domain
IV are critical for LA binding and stabilization of the
receptor in the inactivated state.18 Mutagenic work with
amino acids in the a subunit and computer models have
confirmed that residues in S6–D4, and to a lesser degree
on D1 and D3, contribute to the binding and positioning
of the LA within the pore.14, 19, 20

While the neutral type of LA drugs such as benzocaine,
n-butanol, and benzyl alcohol act within the nerve
membrane, causing membrane expansion and a change in
Na1 channel configuration, most LAs exist in equilibrium
between their nonionized tertiary amine base and their
ionized quaternary amine cation.

BþHþ 3 BHþ

Nonionized Ionized

Base Cation

Approximately 90 percent of the blocking action is due
to its internal action of the cation and 10 percent is due
to the base form.21 Once the LA is internalized in the
pore it prevents Na1 entry by three mechanisms.16 First,
via steric interaction with amino acids on S6–D4 it
occludes the pore and gating mechanism, initiating fast
and slow inactivation. Second, the hydrophobic aromatic
component excludes water, creating a low dielectric
environment that interferes with Na1 current. Finally,
the quaternary or ionized end of the LA lies in the center
of the pore, creating an electrostatic barrier to ion
movement.
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Figure 7.1 Structure and function of the Na1 channel. (a) A two-dimensional representation of the a and b subunits of the Na1

channel. (b) The four domains of the Na1 channel a subunit are illustrated as a square array as viewed looking down on the

membrane. Upon depolarization, each of the four domains undergoes a conformational change in sequence to an activated state. When

all four domains have activated, the Na1 channel can open. Within a few milliseconds after opening, the inactivation gate between

domains III and IV closes over the intracellular mouth of the channel and occludes it, preventing further ion conductance. Adapted from

Catterall W, Mackie K. Local Anaesthetics. In: Hardman JG, Limbird LL (eds). Goodman and Gilman’s the pharmacological basis of
therapeutics, 9th edn. New York: McGraw-Hill, 1996: 331–47, with permission.7 & The McGraw-Hill Companies, Inc.
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External sites on the Na1 channel are acted upon by
the naturally occurring biotoxins, saxitoxin (shellfish),
and tetrodotoxin (pufferfish), which are the most
potent Na1 channel blockers known.4, 5 Both toxins, in
nanomolar concentrations, cause death by paralysis of
the respiratory muscles. Although the toxins are che-
mically different from each other, their mechanism
of action is indistinguishable. Some Na1 channels are
tetrodotoxin resistant, such as those on cardiac
myocytes (1.5) and small sensory nerves (1.9).22 Recent
work suggests that the cardiac myocyte isoform may
also have an external hydrophilic pathway for LA
cation.15

Frequency- and voltage-dependent actions

A nerve which is repeatedly stimulated is much more
sensitive to LAs than one that is resting because a higher
frequency of stimulation produces a more positive
membrane potential.5 These frequency- and voltage-
dependent effects occur because the LA molecule in its
charged form gains access to its binding site within the
pore only when the Na1 channel is in an open state and
because it binds more tightly to and stabilizes the inac-
tivated state of the Na1 channel, this is called the
modulated-receptor hypothesis.23 LAs exhibit these
properties to differing extents. In general, small molecules
with modest lipid solubility (i.e. lidocaine) bind and
dissociate very rapidly. Therefore, a high frequency of
stimulation is required so that drug binding during the
action potential exceeds drug dissociation between action
potentials. Frequency dependence appears only at high
frequencies when these drugs will act as antiarrhythmics
(for tachydysrhythmias). Conversely, large molecules with
high lipid solubility (i.e. bupivacaine) dissociate slowly
and frequency dependence occurs at lower rates of
channel activation and so they can act as potent depres-
sors of cardiac function at normal heart rates (i.e. more
cardiotoxic).

Differential sensitivity

There is a differential block exhibited by fibers of varying
size and frequency of discharge. Blockade of pain and
sympathetic function usually appears first, followed by
temperature, touch, deep pressure, and finally motor
function (Table 7.2). From this it was deduced that the
Cm was lower for smaller and unmyelinated fibers. For
example, an Ad fiber requires half the Cm compared with
an Aa fiber. The theory to explain this for unmyelinated
nerves was that the critical length over which an impulse
could passively propagate (space constant) was shorter.
For myelinated nerves, Cm had to be achieved at three
nodes of Ranvier before conduction was blocked. The
internodal distance is shorter in smaller myelinated
nerves and so less LA is needed to block conduction than
in larger myelinated ones. However, in vitro work failed to
show that fiber diameter was the explanation.24 Instead, it
is suggested that with low concentrations of LA, it is the
length of nerve exposed that matters. Partial inactivation
of the nerve extends the decay of the AP along the axon, if
the length is sufficiently long then conduction block will
ultimately occur, this is called decremental blockade.25, 26

In vivo demonstration of differential block may be due
to anatomical reasons.27 LAs are injected as close to the
target nerve as possible, but several factors affect delivery
to the nerve membrane. The LA molecules, which are
diluted by tissue fluid, must spread by mass movement to
the nerve. Diffusion of the LA is dependent on the con-
centration gradient and the concentration achieved will
depend on local distribution into nonneural tissue and
systemic absorption. The myelin sheath also acts as a
barrier for penetration into the nerve membrane. If these
factors are sufficient to reduce the concentration to below
Cm, conduction block will not occur. It is possible that a
block can result in absence of pain (Ad and C fibers
blocked), whereas motor function and touch (Aa and Ab
fibers) are unaffected.

In addition, the frequency-dependence of LA action
favors block of small sensory fibers as they generate APs of

Table 7.2 Susceptibility of nerve fibers to block.

Type Function Diameter (lm) Velocity (m/s) Sensitivity to block

Myelinated

Aa Motor, proprioception 12–20 70–120 1

Ab Touch, pressure 5–12 30–70 11

Ag Muscle spindles and tone 3–6 15–30 11

Ad Pain, temp, touch 2–5 12–30 111

B Pre-ganglionic autonomic o3 3–15 1111

Unmyelinated

C Pain 1 0.5–2 1111

Post-ganglionic sympathetic
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longer duration (3ms) at high frequencies, whereas
motor fibers generate APs of shorter duration (o0.5ms)
at low frequencies.

Pattern of onset and offset: local disposition

The differential effects above explain why the onset and
recovery of blockade in a peripheral nerve often occurs in
a predictable order. Once at the nerve trunk, LA mol-
ecules diffuse inward toward the center of the nerve. The
outer sections (mantle fibers) achieve higher concentra-
tions with resultant blockade before the core fibers. This
results in the more proximal fibers being blocked first,
followed by the distal core fibers. However, this may vary
amongst individuals and also in large mixed nerves, such
as the brachial plexus, where motor fibers in the mantle of
the nerve bundle are exposed to the LA drug first as they
branch off before the sensory nerves.28

After equilibrium has been established between the
surrounding tissues and the interior of the nerve, the
process is reversed. The LA is removed mainly by systemic
absorption from the exterior of the nerve. The core fibers
retain a higher concentration and so take longer to
recover.28 Recovery is more dependent on lipid solubility.

Structure of local anesthetics

The structure of a typical LA consists of a hydrophilic
amine joined to a hydrophobic aromatic domain by an
intermediate ester or amide link (Figure 7.2). Either of
these broad classes may be broken into four subunits that
are common to both.29 Additionally, most of these
molecules have an asymmetric carbon and can therefore
be further divided into two enantiomers (mirror images
of the same chemical structure). This is clinically useful as
each enantiomer, whilst having the same physiochemical
properties, display different pharmacokinetic and phar-
macodynamic properties and thus exhibits a unique
anesthetic character and/or toxicity. The nomenclature
for these molecules is based upon absolute descriptors (R
and S), by arranging the atoms in a clockwise/anti-
clockwise fashion (Figure 7.3), and relative descriptors
(1/�), according to their rotation of polarized light. The
descriptors are not interchangable (i.e. both R1 and S1

can exist depending on the compound). Most of the
commercially available LA agents are racemic mixtures,
containing equal concentrations of the R and S enantio-
mers, but the two most recently developed LAs are both
S(–) enantiomers.31, 32[II] Stereoselectivity will be an
important factor for all future LAs.30

Effect of pH

LAs are weak bases. The relative proportion between the
base and cation is dependent on the pH of the solution

and the pKa of the specific agent and can be determined
by the Henderson–Hasselbalch equation.6 The pKa is
defined as the pH at which 50 percent of the agent is in
the unionized form.

pH ¼ pKa � logðBÞ=ðBNþÞ

Since the pKa is constant for any specific LA, the relative
proportion of free base to cation is dependent on the pH
of the solution. LAs are added to weak acids, usually
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Figure 7.2 Structural formula for lidocaine divided into four
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hydrochlorides, in order to increase the cationic water-
soluble form needed for injection. The cation is the form
required for diffusing through body fluids to the nerve
fiber (Figure 7.4). After injection, tissue buffering raises
the pH and a percentage of the drug dissociates to become
free base. The base form is the optimal form for pene-
trating the lipid membranes and getting inside the cell. It
then becomes reionized, due to the acidic conditions
within the cell, into the active form which blocks the Na1

channel from the intracellular side.33

The clinical characteristics of an LA can be correlated
with its pKa value (Figure 7.5). Note that at body pH,
lidocaine will be 35 percent unionized compared with
5–10 percent for bupivacaine.12 There is, therefore, more
lidocaine available in the appropriate form to enter the
nerve cell. This partly explains why lidocaine has a faster
onset of action than bupivacaine. The physicochemical
properties of four commonly used amino-amides and
their resulting clinical profiles are listed in Table 7.3.

Additives

A vasoconstrictor, usually epinephrine (adrenaline), is
often added to LAs in clinical practice. The vasocon-
striction reduces the rate of systemic absorption by up to
one third,34 which will increase the duration of block and
will reduce the risk of toxicity. Vasoconstrictors should
not be used for intravenous regional anesthesia or in
regions that are poorly vascularized or supplied by end-
arteries such as digits, as they may cause ischemia and
tissue necrosis. Epinephrine is often used in a con-
centration of 1:200 000 (5 mg/mL); if intravascular, it may
exhibit its own systemic effects and so should be used
with caution in patients with cardiac disease.35 Fely-
pressin is often used in dentistry as an alternative as it
has less systemic effect, but it is still a coronary
vasoconstrictor.

Commercial LA solutions containing epinephrine are
usually buffered to a lower pH than the standard solution
in order to minimize oxidation of the additive. These
acidic solutions are less effective at blocking nerves
because there is less base available to diffuse into the
cell.36 Hence, if a vasoconstrictor is required, it is more
logical to add a few drops of epinephrine concentrate to
the LA solution just before injection.

Sodium pyrosulfite, sodium metabisulfite, methyl-
hydroxybenzoate, and EDTA (ethylenediaminetetracetate)
are widely used in the pharmaceutical industry as anti-
oxidants and stabilizers. Some of them have been proven
to be neurotoxic and so solutions containing these
additives are not recommended for use with sub-
arachnoid or epidural anesthesia.27, 37

Some drugs have to be prepared as the carbonated
salt instead of the hydrochloride salt. This was shown by
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Figure 7.4 Penetration of local anesthetic in base form
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Figure 7.5 Graph of pH and pKa of lidocaine and bupivacaine.
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in vitro studies to hasten the onset of block as the carbon
dioxide (CO2) diffuses readily into the axoplasm and
reduces the intracellular pH. This will promote ionization
of the base form and result in ion trapping. The CO2 also
directly depresses the axon and may enhance diffusion of
the LA into the cell.38 In vivo work supports this effect,
but it is only relevant for the slow onset blocks.39[II]

Some authors advocate the alkalinization of LAs with
sodium bicarbonate towards their pKa in order to increase
the proportion of free base form for more rapid pene-
tration of the nerve and therefore onset of blockade. This
process also produces CO2, which can enhance the block
as described above. Best results are seen with epidural
blocks compared with brachial plexus or femoral/sciatic
blocks.40, 41[II] The amount of alkali that can be added is
limited by the pH (causing precipitation of the LA into
crystals).42[III]

The addition of the enzyme hyaluronidase is used to
enhance spread of the LA through the tissues. There is
little clinical evidence to support this, except in oph-
thalmology.43[III], 44, 45

LA drugs can be mixed together in order to optimize
the clinical profile. For instance, lidocaine and bupiva-
caine are often mixed with the aim of providing a solu-
tion that has a rapid onset, but long duration.
Unfortunately, in clinical practice such a solution rarely
performs as well as expected and it is possible that this
failure is due to pharmacological interactions.46

High molecular weight dextrans have been used to try
to prolong the duration of LA blocks, and these are more
effective when used with epinephrine.47[II]

The use of LAs with K1 channel blocker drugs has
shown promise in rat models and opens up new additive
combinations for the future.48[III]

CLINICAL PHARMACOKINETICS

The important factors determining the plasma con-
centrations of LA drugs are described below under

Absorption and distribution, Metabolism and elimina-
tion, and Effect of age (Figure 7.6).49

Absorption and distribution

The dose of LA is the major factor over which the clin-
ician has most control. Ideally, this should be kept to the
lowest level that is clinically effective. The concept of
maximum safe dose (MSD) of LAs based on the patient’s
weight is not supported by the pharmacokinetics, but
may still be a useful concept.50 Best practice is to dose
according to the type of block needed and site adminis-
tered and modify this up or down according to the
patient’s physique and medical condition.51, 52

Table 7.3 Physicochemical properties and resultant clinical profile of four commonly used amino-amide

local anesthetics.

Prilocaine Lidocaine Bupivacaine Ropivacaine

Partition coefficient 50 110 560 230

Potencya 0.5 1 4 3

pKa (latency) 7.7 7.8 8.1 8.2

Latency (minutes) 2–5 2–5 15–30 15–30

% protein binding 55 64 95 94

Durationa 1.5 1 2–4 2–4

Toxicity Low Medium Medium Medium

MSD mg/kg 6 3 2 3

aLidocaine = 1.
MSD, maximum safe dose.
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Figure 7.6 Factors affecting plasma concentration of a local

anesthetic after injection. Reprinted from Arthur GR, Wildsmith

JAW, Tucker GT. Pharmacology of local anaesthetic drugs. In:

Wildsmith JAW, Armitage EN (eds). Principles and practice of
general anaesthesia. Edinburgh: Churchill-Livingstone, 1993:
29–45, with permission from Elsevier.1
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The vascularity of the tissue into which the LA is
injected determines absorption. A tissue of high vascu-
larity will give a more rapid rise and greater peak of
systemic concentration. For example, the rate of absorp-
tion of LA without a vasoconstrictor from various ana-
tomic locations follows this order:

mucosal > intercostal > caudal > lumbar epidural

> brachial plexus > subcutaneous

Accidental, direct intravenous (i.v.) injection results in a
very rapid and high plasma concentration. Low con-
centrations of most LAs tend to produce slight vasocon-
striction, but vasodilatation occurs with the doses used in
most conventional blocks.53[III] The use of epinephrine,
by its vasoconstriction effects, allows the MSD dose of
lidocaine to be increased by 50–100 percent.

Other important determinants of absorption are the
partition coefficient and pKa of the agent. If fat solubility
is very high, then absorption into the blood will be low.
Also, if the pKa is high, there will be more of the ionized
form and greater absorption.

LAs bind to two main proteins, a1-acid glycoprotein,
and albumin.54[IV] The former binds avidly, but has a
limited capacity above a plasma concentration of 10 mg/
mL, whereas albumin has a low affinity but a large
capacity. This results in a very high proportion of protein
binding when there is a low concentration of LA. As the
concentration of LA increases, all the binding sites on the
a1-acid glycoproteins become occupied and the propor-
tion of protein binding decreases. When a1-acid glyco-
protein concentrations are increased, as occurs in cancer,
protein binding is increased dramatically. This increase
results in a decrease in total clearance and an accumula-
tion of total plasma bupivacaine.55[III] There is no
increased risk of toxicity as this is related to the free
proportion of drug in the plasma, which is in equilibrium
with protein bound drug. Overall, protein binding has
little effect.

The dose of LA absorbed is buffered by distribution
throughout the rest of the body. Unless the drug is
injected directly into an artery, it will have to pass
through the lungs before entering the systemic circula-
tion. The lungs are capable of a first-pass uptake of
approximately 95 percent, which is then followed by a
rapid release.56 The lungs may also possibly metabolize
large amounts of LA. However, these processes are limited
so if the amount of drug is large or if it is absorbed
rapidly, the lungs will be less able to prevent a toxic
reaction. On reaching the systemic circulation, the LA is
distributed preferentially to the vessel rich group of
organs, such as the brain, heart, liver, and spleen, that
have a high blood supply. The vessel-poor group, such as
muscle and fat, equilibrate more slowly but the high lipid
solubility of LAs means that large amounts are absorbed
there temporarily and then leach back into the
circulation.

Metabolism and elimination

Esters are hydrolyzed rapidly by plasma cholinesterase to
carboxylic acid and alcohol. It is difficult to measure their
concentrations in blood. Theoretically, an abnormal
cholinesterase concentration could result in an increased
risk of toxicity, but this situation rarely presents a clinical
problem. Cocaine is metabolized by the liver.

Amides are metabolized in the liver by oxidative
dealkylation. These enzymes have a high capacity or
clearance by the liver (CLH). Therefore, liver failure must
be very severe before metabolism is delayed.29, 52

CLH ¼ QH � E ¼ QH � ðCHEPATIC ART

� CHEPATIC VEINÞ=CHEPATIC ARTðC ¼ concnÞ

Lidocaine and etidocaine both have high hepatic extrac-
tion ratios (E) near the value of 1, which means that their
metabolism is perfusion limited (limited by hepatic blood
flow, QH).

CLH¼ QH

Bupivacaine and mepivacaine exhibit low E values, so
their clearance depends more on intrinsic clearance and
free drug concentration.

The metabolism of lidocaine is illustrated in Figure
7.7. It is dealkylated and then hydrolyzed before or after
a second dealkylation. Hydroxylation of the ring also
occurs. Most other amides undergo similar dealkylation
and hydrolysis pathways.

Excretion of less active metabolites occurs via the
kidneys. As very little of the parent drug is handled
by the kidneys, renal failure has very little clinical
effect with single administration, but in severe renal
disease accumulation of amide metabolites may occur
when using repeated blocks or continuous infusion
techniques.52

Effect of age

It is important to remember the differences in anatomy,
physiology, and metabolism between adults, children, and
infants when using LAs. Central and peripheral nervous
system maturation is not complete at birth. Myelination
may not be completed until 8–12 years of age and so
children show an increased sensitivity (lower Cm), parti-
cularly with A fibers.57 Newborns have reduced con-
centrations of both albumin and a1-acid glycoprotein (60
and 30 percent, respectively) compared with adults.
Therefore, plasma LA concentrations are usually lower.
However, the concentration of free drug in equilibrium
will be the same so that tissue drug concentrations are
similar.58 Infants have a higher proportion of total and
extracellular fluids. Thus, the volume of distribution of
the hydrophilic LA drugs is much greater and these drugs
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distribute extensively in the body water. This will result in
a lower systemic concentration compared with adults.59

Drugs with low protein binding, such as lidocaine or
mepivacaine, have historically been recommended;60

however, the newer drugs, levobupivacaine and ropiva-
caine, are becoming the default standard for pediatric
peripheral and central blockade.61

In infants and young children, the liver is immature
and this impairs the metabolism of LAs. Weight and
postnatal age are the most important variables affecting
hepatic clearance.62, 63[II] Ropivacaine is metabolized by
CYP 1A2, which matures later than the CYP 3A4 cyto-
chrome P450 responsible for bupivacaine clearance.

64 The

clearance of ropivacaine reaches its maximum by Z5
years of age.65

Greater systemic absorption of LA from central blocks
is suggested by the vascular and less fatty epidural space of
children when compared to adults.66[III] However, stu-
dies have found that the rate of absorption is slow and the
peak concentration occurs at one hour for bupivacaine
and up to two hours for ropivacaine.61, 62 This means the
peak plasma concentration of ropivacaine is lower than
that of bupivacaine, offsetting the reduced clearance,
providing a greater therapeutic safety margin for the
newer drug.64

In pediatric clinical practice, there is little difference
between levobupivacaine and ropivacaine for single-shot
blocks, but when used in continuous infusions ropiva-
caine appears safer61 (see also Chapter 27, Acute pain
management in children).

In the elderly, there is an increased threshold but
reduced tolerance to painful stimuli. These pharmaco-
dynamic and anatomical changes in the nervous system,
in addition to other organ co-morbidities, warrants a
reduction in dose by up to 20 percent in those over 70
years of age52 (see also Chapter 28, Acute pain manage-
ment in the elderly patient).

COMPLICATIONS OF LOCAL ANESTHETICS

Local

The majority of complications are self-evident and
are preventable with good technique and safe practice
(Table 7.4); however, the neurotoxic potential of LAs
remains an area for concern. In general, neurotoxicity is
rare but the spinal cord and roots are more vulnerable as
they have no protective covering.36 Despite its long-
standing safety record, lidocaine has been implicated with
cauda equina syndrome when administered via an intra-
thecal catheter.67 Often 5 percent hyperbaric lidocaine
was used in excessive doses and the problem was attrib-
uted to maldistribution of the agent resulting in pooling
of excessively high concentrations on unsheathed nerve
roots.68 A concentration and time-dependent phenom-
enon is proposed, causing raised intracellular calcium,
leading to irreversible depolarization and cell death.69

Experiments exposing crayfish nerves to 2 percent lido-
caine for 15 minutes resulted in reversible nerve injury,
but the same concentration for 30 minutes resulted in
irreversible block of the action potential.70 Strichartz has
demonstrated that 2.5 percdent hyperbaric lidocaine or
5 percent isobaric lidocaine cause permanent neural
dysfunction after exposure to isolated mammalian cauda
nerves.71 In vitro studies of the growth cone of developing
chick dorsal root ganglia (DRG) neurons showed neu-
ronal injury and cell death with clinically relevant con-
centrations of lidocaine, mepivacaine, bupivacaine, and
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ropivacaine.72[II] Despite the implications of these stu-
dies, with appropriate caution, intrathecal LAs continue
to be used safely.73[V], 74[IV]

The first cases of transient radicular irritation (TRI)
after spinal anesthesia with lidocaine were reported in
1993.75 This is a purely sensory phenomenon and pro-
spective studies have shown an incidence of 10–37 per-
cent.76[IV] TRI has been unrecognized over the past 50
years despite an estimated 50 million spinal anesthetics
being administered.77[V] There are case reports of TRI
occurring with bupivacaine, prilocaine, and mepivicaine,
but it occurs most frequently with lidocaine.78 The cause
of TRI appears to be multifactorial and the LA is impli-
cated, but the mechanism may even be a musculoskeletal
one involving sciatic stretching and facet joint irritation.79

[V], 80[IV] To date, lithotomy position, outpatient status,
and obesity are implicated as important variables, but
neither glucose (hyperbaric solutions), needle type or size,
nor the dose of LA used have been shown to be related.69

TRI occurs five times as often in lidocaine groups when
compared with bupivacaine,81[III] and its incidence is
similar in patients exposed to 0.5, 1, and 2 percent lido-
caine.82[II]

Systemic complications

TOXICITY

Systemic toxicity is directly related to the amount of drug
absorbed by the circulation and delivered to the particular
organ involved. It can be due to the LA or the vasocon-
strictor. The principal organ systems affected are the

central nervous system (CNS) and the cardiovascular
system (CVS). Disturbance of sarcolemma calcium
release, Na1/Ca21 pumping, and cAMP inhibition lead to
the cardiotoxic manifestations, with arrhythmias caused
by conduction block due to the slow dissociation of the
LA from the Na1 channel.8 Work on receptor affinities
has established that (R)-bupivacaine, alone or in racemic
mixture, is seven times more potent on cardiac K1

channels83 and 70 times more potent on neuronal K1

channels84, 85 when compared to levobupivacaine. These
receptor affinity differences are thought to be important
factors in the reduced neurotoxicity and cardiotoxicity
seen with S-bupivacaine and ropivacaine.7, 29 Both levo-
bupivacaine and ropivacaine produce similar CNS and
CVS symptoms when infused into healthy individuals.86

[II] Intracoronary studies in animals show that ropiva-
caine and levobupivacaine have similar toxic effects, but
both are considerably safer than racemic bupivacaine.87

Additionally, ropivacaine exhibits less contractile depres-
sion in rabbit myocardium when compared to either
levobupivacaine or racemic bupivacaine.88[III] Current
evidence supports the use of the newer LAs on the basis of
their improved toxicity profile; however, incremental
dosing and cautious usage are still recommended, parti-
cularly with large volume blocks.89[IV]

Frequently in toxicity, a selective depression of the
inhibitory pathways occurs, followed by the excitatory
pathways.36 This produces a clinical picture of initial
stimulation followed by depression, such as occurs with
alcohol (Table 7.5). The rapid administration of most LAs
may produce convulsions or death with only transient
signs of CNS stimulation. Animal studies90[III] and
human case reports91[IV] of successful resuscitation

Table 7.4 Complications of local anesthetics.

Complication

Local

Pain

Infection

Tissue damage: Direct nerve trauma or neurotoxicity

Bleeding, hematoma, or vascular compromise due to epinephrine

Neighboring structures – depends on actual block

Needle breakage

Drug error

Block failure: Inactive drug

Inadequate delivery to nerve, e.g. i.v. injection, anatomy

Inadequate waiting time

Systemic

Toxicity

Allergic reactions

Drug interactions

Miscellaneous
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following i.v. LA injection have established a role for
intralipid administration in these circumstances. This
lipophilic medium essential soaks up free bupivacaine
and establishes an intravascular concentration gradient
for the myocardial bupivacaine. Recommendations have
been published92[V] and the treatment of toxicity is
described in Table 7.6. Careful use of this therapy must be
employed as debate still remains about the dosage, tim-
ing, duration of effect, and possible pulmonary injury
that intralipid may cause.93[V], 94, 95, 96[IV] There is now
a UK website (www.lipidrescue.org) with information on
recent advances in use of lipid emulsion for toxicity. It
contains sample protocols, case reports, recent research,
and is a portal for clinicians to exchange ideas on the
matter. A future development on this front may be the use
of nanotechnology to more effectively soak up bupiva-
caine.97 The smaller particle size is better at sequestering
LA than intralipid, but further development and clinical
trials are required to determine whether it also has a
better safety profile.

ALLERGY

True allergic reactions to the LAs are extremely rare,98

most are due to a preservative in the solution.37 Reactions
to the esters are relatively common, particularly with
procaine as it is hydrolyzed to the allergenic constituent
para-amino-benzoic acid. There is cross-sensitivity
between this acid and methylparaben, a common pre-
servative. Reactions present in a range from mild to fatal

and the onset is usually within five minutes, but may be
delayed until 40 minutes. Even personnel handling the
drug can experience allergic reactions, but these tend to
be mild dermal ones. If a patient presents with a history
of allergy to LAs, skin sensitivity testing or an i.v. chal-
lenge can be given using small doses.98 However, people
experienced in resuscitation, with necessary equipment
on hand, should perform these tests.

Mild reactions present as a local erythema and weal at
the injection site; there may be accompanying systemic
flushing of the skin, especially in the upper trunk. Mod-
erate reactions include generalized urticaria and weals,
bronchospasm, and angioneurotic edema. Treatment of
these may require antihistamines, steroids, and broncho-
dilators. Severe reactions result in full cardiorespiratory
collapse and warrant the early use of epinephrine and
adherence to anaphylactic treatment guidelines, as
resuscitation may also be required.

DRUG INTERACTIONS

Drug interactions are theoretically possible, but rarely
give rise to clinical problems. All LAs have a weak inhi-
bitory effect at the neuromuscular junction and auto-
nomic ganglia.99 However, there is no clear evidence that
this is a problem, even in myasthenic patients. The
metabolism of esters by plasma cholinesterase may be
prolonged when the enzyme is competitively blocked by
anticholinesterases, amides,100 and ecothiopate. LA drugs
may be displaced from plasma-binding sites by various
other drugs, but again this is of minimal clinical sig-
nificance.101

Central nervous system depressants, such as anti-
convulsants, antidepressants, and benzodiazepines, may
mask the early CNS signs of toxicity so that the first
manifestation could be cardiorespiratory collapse.

Table 7.5 Usual clinical presentation of local anesthetic toxicity.

Clinical presentation

1. Central nervous system Clinical picture of stimulation

followed by depression

Stimulatory
Auditory Tinnitus, vertigo

Lips and tongue Numb, tingling, metallic taste

Occular Nystagmus

General Tremor, restlessness

Inhibitory
General Drowsy, slurred speech,

unconscious, convulsions

2. Cardiovascular system Can present anywhere in range

from (a) to (b)

(a) Moderate

hypotension

Pallor, nausea, sweating, trembling

(b) Acute CVS collapse Feeble or slow pulse, unconscious,

cardiac arrest

3. Respiratory Effects are secondary to central

nervous system

Initial stimulation Tachypnea, shallow respirations

Then depression Apnea, hypoxia

Acidosis, hypercarbia, and hypoxia worsen toxicity symptoms.

Table 7.6 Treatment of toxicity reaction.

Treatment

1. Prevention: Repeat aspirations, inject slowly, do not

exceed MSD, look for early symptoms and signs of

toxicity. If toxicity occurs, stop injecting

2. Administer oxygen, maintain airway� hand ventilation,

performed early, will often prevent progression to

convulsions

3. Treat convulsions, i.v. diazepam or sodium thiopental

4. Treat cardiac depression, i.v. fluids, inotropes, e.g.

epinephrine, cardiopulmonary resuscitation

5. Give i.v. intralipids if patient remains unresponsive.92

Give 1mL/kg stat, repeat up to twice more every 3–5

minutes, start infusion 0.25mL/kg/min (do not exceed

8mL/kg)

MSD, maximum safe dose.
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Drugs used to treat cardiovascular disease may con-
tribute to the cardiac failure induced when toxic con-
centrations of LA drugs occur.

MISCELLANEOUS SYSTEMIC EFFECTS

LAs have myotoxic effects, causing reversible necrosis in a
dose-related phenomenon, with bupivacaine implicated
the most.102 Indeed, the S-enantiomer appears to be most
potent in this regard as it was associated with greater
Ca21 release when the enantiomers were compared.103

[III] The damage is mediated through blockage of the
Ca21-ATPase and the ryanodine (Ry1) receptor directly.
Whilst it is rare for myotoxicity to be clinically significant,
it may have implications for continuous peripheral nerve
blocks and ophthalmic blocks.102

Effects of LA drugs include the reduction of the risk of
thromboembolism by several mechanisms. They decrease
platelet aggregation directly,104 as well as reduce blood
viscosity and improve blood flow from sympatholytic
effects.105[III]

LA drugs also directly relax vascular and bronchial
smooth muscle, although low concentrations may initially
produce contraction.106 They depress bowel and uterine
muscle contraction directly, though spinal and epidural
administration cause sympathetic paralysis that can result
in increased tone of gastrointestinal musculature.

Recent work highlights the potential anti-inflammatory
affects of LAs.107 They reduce the release and activity of
proinflammatory mediators, impair leukocyte migration,
and reduce neutrophil superoxide radicals. To date, there is
no obvious increase in infection through the use of LAs
and clinical evidence for therapeutic benefit is also lacking,
but there is hope that by understanding the mechanisms
involved, appropriate immunomodulating drugs may be
formulated. It is hypothesized that these actions and those
on the coagulation are mediated by interference with G-
protein-coupled receptors and are independent of any Na1

channel action.108 This interference may also explain the
delay wound healing that LAs can cause in cell culture and
animal work, through impaired inflammatory migration
and fibroblast granulation.109 Again, there does not appear
to be a cause for clinical concern and LAs continue to be
used safely for wound infiltration.

Analgesic properties of systemically administered
lidocaine are discussed in Chapter 6, Clinical pharma-
cology: other adjuvants.

DIFFERENTIAL DIAGNOSIS

If an adverse event occurs during or after a block, it
should be assumed to be drug related until proven
otherwise and toxicity and allergy in particular should be
excluded. Common causes of collapse may also include
syncope, myocardial infarction, stroke, epilepsy, and
diabetes (hypoglycemia or ketoacidosis) and these should

be considered if the event is unrelated to the drug.
Patients are predisposed to fainting if they are nervous,
exhausted, and hypoglycemic. Therefore, it is best to
avoid prolonged fasting before the procedure.

COMMON LOCAL ANESTHETICS

The physicochemical properties of each LA drug can
explain most of the characteristics seen when used in
clinical practice (Table 7.3 and 7.7).

Amino-esters

Cocaine (1884) is unique as it is the only LA to produce
vasoconstriction due to inhibition of norepinephrine
reuptake. Currently, it is still used as a single agent that
can provide both topical anesthesia and shrinkage of the
oronasopharyngeal mucosa. Cocaine hydrochloride is
used as a 1, 4, or 10 percent solution for topical use only.
Its abuse potential (euphoric action from dopamine
accumulation), makes it a controlled drug.12, 36

Procaine (1905) was the first synthetic LA. Due to its
low potency, slow onset, and short duration of action, it is
not useful for peripheral nerve or epidural blocks but can
be for skin infiltration and the 10 percent solution can be
used in spinal anesthesia. It is hydrolyzed to produce
para-aminobenzoic acid that inhibits the action of sul-
fonamide antibiotics.

Tetracaine (1932) is significantly more potent and has
a longer duration than procaine. It is metabolized more
slowly and hence is more toxic. It is widely used for spinal
anesthesia in the USA as a 1 percent solution or as
anhydrous crystals that can be reconstituted into an iso-
baric, hypobaric, or hyperbaric solution. It is also incor-
porated into several topical preparations.

Chloroprocaine (1952) is a chlorinated derivative of
procaine. It has a rapid onset, short duration, and
reduced toxicity due to its short plasma half-life of 25
seconds. Reports of prolonged sensory and motor block
after epidural or spinal use have decreased its popularity.
Some preparations are associated with a higher incidence
of muscle pain when given epidurally, possibly due to
Ca21 binding by the EDTA, which results in tetany.110[II]

Amino amides

Lidocaine (1948) is the prototypical member of the
amino-amide class of LAs.12, 36 It produces anesthesia
with a faster onset, longer duration, and more extensive
spread and of greater intensity than an equal concentra-
tion of procaine. It comes in various preparations: 0.5
percent for infiltration, 1–2 percent for peripheral nerve
block, 1.5–5 percent for spinal anesthesia, and 10 percent
for topical anesthesia for the mucosa. Lidocaine is also a
class I antiarrhythmic.
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Table 7.7 Structure, physicochemical properties, and clinical profile of ester and amide local anesthetics.

Proper name/
formula

Equivalent
concentration (%)a

Relative
durationa

Toxicity pKa Partition
coefficient

Protein
bound (%)

Esters

Cocaine

O CH3C

CH3OO

O

C

N

1 0.5 Very high 8.7 ? ?

Benzocaine

O C2H5C

O

H2N

NA 2 Low NA 132 ?

Procaine

OC

O

NH2N (CH2)2
C2H5

C2H5
2 0.75 Low 8.9 3.1 5.8

Chloroprocaine

OC

O

NH2N (CH2)2
C2H5

C2H5
Cl 1 0.75 Low 9.1 17 ?

Amethocaine

CH3

OC

O

NN (CH2)2

CH3H

C4H9

0.25 2 High 8.4 541 76

Amides

Lidocaine
O

N

H

NCH2

C2H5

C2H5

CH3

CH3

C

1 1 Medium 7.8 110 64

Mepivacaine
O

N

H

CH3

CH3

C

CH3

N

1 1 Medium 7.7 42 77

(Continued over )



Table 7.7 Structure, physicochemical properties, and clinical profile of ester and amide local anesthetics (continued).

Proper name/
formula

Equivalent
concentration (%)a

Relative
durationa

Toxicity pKa Partition
coefficient

Protein
bound (%)

Prilocaine
O

N
H

NC

C3H7

H

CH3

CH3

C

H
1 1.5 Low 7.7 50 55

Cinchocaine

N(CH2)2

C2H5

C2H5

H9C4 O

O

C N

H

N

0.25 2 High 7.9 ? ?

Ropivacaine
O

N

H

CH3

CH3

C

C3H7

N

0.25 2–4 Medium 8.1 230 94

Bupivacaine C4H9
O

N

H

CH3

CH3

C
N

0.25 2–4 Medium 8.1 560 95

Etidocaine
O

N

H

NC

C3H7

C2H5

CH3

CH3

C

H

C2H5

0.5 2–4 Medium 7.9 1853 94

aLidocaine = 1.
NA, not applicable; ?, information not available.
Reprinted from Arthur GR, Wildsmith JAW, Tucker GT. Pharmacology of local anaesthetic drugs. In: Wildsmith JAW, Armitage EN (eds). Principles and practice of general anaesthesia. Edinburgh: Churchill-Livingston,
1993: 29-45, with permission from Elsevier.1



Mepivacaine (1957) has pharmacological properties
similar to lidocaine with a duration of about 20 percent
longer. It is, however, more toxic in the neonate because
of ion trapping due to its lower pKa.

111[IV] This has
restricted its use in obstetric anesthesia by the epidural
route, but lower doses have been used intrathecally, for
cesarean section, without adverse effects.112[II]

Prilocaine (1960) is also similar in clinical profile to
lidocaine. However, it causes very little vasodilatation and so
can be used without a vasoconstrictor if desired. It has a
large volume of distribution that reduces its toxicity, making
it a suitable agent for intravenous regional anesthesia. Pri-
locaine is metabolized to ortho- and nitro-toluidine, both of
which can oxidize hemoglobin. Cyanosis is seen if greater
than 15 percent of the circulating hemoglobin is in the
methemoglobin form and this may occur if more than
8mg/kg of prilocaine is administered. Oxygen liberation is
reduced, as there is a shift in the dissociation curve to the
left. If necessary, it can be reconverted to hemoglobin with
reducing enzymes, such as methylene blue, in a dose of
1–2mg/kg. Fetal hemoglobin is more sensitive to oxidant
stresses, therefore, prilocaine is not suitable for obstetric or
neonatal purposes. However, topical cream containing pri-
locaine (eutectic mixture of local anesthetics, EMLA) can be
used safely in neonatal practice providing the number of
applications is restricted.113[II]

Etidocaine (1972) has a rapid onset of action similar to
lidocaine, yet its duration is comparable to bupivacaine. It
tends to produce preferential motor block, whilst this
may be useful for surgical anesthesia it is not beneficial
during labor or postoperative analgesia. Cardiac toxicity
is similar to that of bupivacaine.

Articaine (1974)114 is a common dental LA (as a 4
percent solution with epinephrine) as it has good tissue
and bone penetration. It has a faster onset than lidocaine
and less toxicity giving it a promising role in intravenous
regional anesthesia (IVRA).

Bupivacaine (1963) is a potent agent with a long
duration of action. It has a low therapeutic index, as little
as 50mg has caused ventricular fibrillation on accidental
i.v. administration in a susceptible patient.30 Bupivacaine
depresses the maximal rate of increase of the cardiac
action potential (Vmax) more than any other LA; this is
manifest by prolongation of the PR and QRS intervals
resulting in reentrant phenomena and ventricular
arrhythmia.115 The enhanced cardiotoxicity may be due
to its slower dissociation from the Na1 channel, resulting
in a prolonged block.116 This toxicity involves a sig-
nificant degree of stereospecificity, whereby the S isomer
has significantly less cardiac depressant effect than the
R.117, 118 The incidence of arrhythmia is similar for both
enantiomers, but the related mortality for equipotent
doses of racemic bupivacaine versus S-bupivacaine is
significantly different (50 percent for R versus 30 percent
for S).119 Bupivacaine may also act centrally to produce
malignant ventricular arrhythmias.120 Toxicity can occur
without the usual early warning phase of CNS symptoms.

Levobupivacaine (1998)121 is the S(–) isomer of
bupivacaine. It has an improved safety profile and has
the same speed of onset and duration as the racemic
drug.30, 117, 118

Ropivacaine (1996) is the S(–) isomer of 1-propyl-
20,60-pipecoloxylidide. Compared with racemic bupiva-
caine in equivalent doses, the sensory block is similar but
the motor block is slower in onset, less intense, and
shorter in duration.31 It has less cardiotoxicity; the ratio
of fatal doses in sheep was 1:2:9 for bupivacaine:
ropivacaine:lidocaine.122 This improved safety profile and
differential block are desirable assets in regional anesthetic
practice and its promise was further bolstered by an initial
meta-analysis in obstetric analgesia that showed that its
use compared to bupivacaine resulted in less instrumental
deliveries and better neonatal outcome.123[I] However,
more rigorous studies have failed to replicate this find-
ing,124[II] and ropivacaine has been troubled by confu-
sion surrounding its potency. Minimum local anesthetic
concentrations (MLAC) studies calculated its potency
ratio compared to bupivacaine at only 0.6 (levobupiva-
caine was 0.98).125 This implied that the increased
amount of ropivacaine required for equipotent dosing
could negate the safety benefits. A recent review on the
clinical use of ropivacaine concludes that in peripheral
blocks its efficacy and dosing is similar to levobupivacaine
and bupivacaine, while in central blocks the potency of
ropivacaine is less and doses established from appropriate
trials should be used.124

When the difference in potency is taken into account,
most studies have found that ropivacaine versus levobu-
pivacaine provides an almost identical block in onset and
duration.126, 127[II] There were no differences found
between them in epidural randomized controlled trials
(RCT) using low-dose infusions in postsurgical,128[II]
pediatric,129[II] and labor130[II] populations. A study of
intrathecal bupivacaine (8mg) versus ropivacaine (12mg)
versus levobupivacaine (8mg), in an adult postsurgical
hernia population, found comparable, satisfactory
analgesia in all groups.131[II] In this study, despite the
higher dose of ropivacaine, the block still regressed sig-
nificantly faster, but did not improve time to discharge.
Similarly, in the epidural postsurgical study,128 sig-
nificantly more patients in the epidural ropivacaine group
were mobilizing by day two. While faster block regression
may be desirable clinically, it is yet to be determined
whether it has a beneficial effect on overall outcome or
length of hospital stay.

CLINICAL USES OF LOCAL ANESTHETICS

Indications and contraindications

The majority of LA blocks are performed to provide
anesthesia during the operation and analgesia in the
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postoperative period. They can also be used in the diag-
nostic evaluation and therapeutic management of chronic
pain. Contraindications are either absolute or relative and
are listed in Table 7.8.

Types of anesthetic block

All of the aforementioned LAs can be used for peripheral
nerve, plexus blocks, and infiltration according to
clinical need. Topical anesthesia, ophthalmic, and IVRA
deserve further discussion. Continuous neural blockade
techniques are discussed in Chapter 12, Continuous
peripheral neural blockade for acute pain, and epidural
and spinal blockade in Chapter 13, Epidural and spinal
analgesia.

Topical anesthesia

Some LAs are useful as topical agents on the skin or
mucous membranes and can be effective in the sympto-
matic relief of dermatoses. Anesthesia is entirely super-
ficial and does not extend to the submucosal structures.
Topical administration is usually safe unless used in
excessive doses or on raw inflamed areas. Commonly,
tetracaine, lidocaine, and cocaine are used. The first two
can achieve comparable vasoconstriction to cocaine by
the addition of phenylephrine 0.005 percent; epinephrine
applied topically has no effect due to poor membrane
penetration. Benzocaine is used topically as it is poorly
soluble in water. Its structure is similar to procaine, but
lacks the terminal diethylamino group. It is therefore
absorbed slowly, resulting in a sustained local action and
low systemic toxicity, but methemoglobinemia has
occurred.12, 132[V]

EMLA is produced by mixing equal amounts of
prilocaine 2.5 percent with lidocaine 2.5 percent. The
eutectic property refers to the fact that when the crystal
(solid) state of these two agents are mixed, the melting
point is less than either compound alone, producing a
liquid form. This is then mixed with oil to form an
emulsion that is applied to the skin under an occlusive
dressing and is able to penetrate to a maximum depth of
5mm. It is useful for procedures such as venepuncture,
skin graft harvesting, and treating burns. The topical use
of EMLA and Ametop in children is discussed further in
Chapter 27, Acute pain management in children.

Delivering local anesthetics to the dermis has also been
achieved by microaerosol drug delivery technology.
Devices using lidocaine particles with a helium propellant
have been trialed in children to improve topical anesthesia
for venepuncture.133[II]

The use of an electric current to transfer polarized
lidocaine transcutaneously, iontophoresis, is under
investigation and may become a useful tool for topical
anesthesia in the future.45

Ophthalmic anesthesia

Most LAs are either too irritating or ineffective when
applied to the eye. Cocaine, though effective, has the
disadvantage of producing mydriasis and corneal
sloughing. The compounds used most frequently are
tetracaine and proparacaine; the latter has the advantage
of bearing little antigenic resemblance to the other
benzoate LAs and is therefore useful in those patients
sensitive to amino-esters.

Intravenous regional anesthesia (Bier’s block)

This technique134 consists of exsanguinating a limb,
inflating a tourniquet above systolic blood pressure,
and injecting LA i.v. into the ischemic limb. Most of the
LA pools in the antecubital fossa and is distributed to the
perivascular structures where it blocks the peripheral
nerves travelling alongside the vessels. Additionally, the
pressure and ischemic effects of the tourniquet contribute
to the anesthesia. The tourniquet must remain inflated
for at least 20 minutes to allow binding of the drug
into the tissues. If there is a leak or premature release,
toxic amounts of LA may enter the circulation. Prilocaine,
lidocaine, and articaine are commonly used as they each
have a short duration of action and a high therapeutic
index. Low-dose levobupivacaine (0.125 percent) and
adjuvants such as clondine, nonsteroidal anti-inflamma-
tory drugs (NSAID), opioids, and ketamine have also
been used in an attempt to maximize the block. Only
practitioners aware of the risks and familiar with the
drugs involved should attempt this procedure.

Table 7.8 Contraindications to local anesthetic blocks.

Absolute Relative

Unwilling patient Severe tissue ischemia close

to injection site

Local sepsis Severe liver and renal disease

Coagulopathy Epileptic

Drug allergy Pregnancy

Absence of resuscitation

equipment

Neuropathy

Block specific: Drugs:

Fixed cardiac output

(neuroaxial block)

Anticonvulsants

Contralateral

pneumothorax (brachial

plexus block)

Anticoagulants (aspirin,

NSAIDs OK)

Antidepressants

Antihypertensives
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FUTURE DIRECTIONS

Pain, where is thy sting?

René Fülöp-Miller135

Exciting developments lie ahead for LAs, as researchers
and pharmaceutical companies try and develop the holy
grail of an ultralong-acting LA. Two routes are being
followed to achieve this aim:

1. LA drug modulation and development;
2. by the creation of new LA delivery systems.136

Drug alteration, by cyclizing and polarizing molecules so
that they cannot readily diffuse out of cells, increases the
duration of effect. For example, tetra-ethylammonium
derivatives bind irreversibly to the channel proteins and
their effects can last for several weeks until new channels
are produced. Tonicaine, a charged lidocaine derivative,
offers a greater duration of block than lidocaine itself,137

[III] but can cause local skin toxicity when combined
with epinephrine in skin infiltration. Phenylcarbamate
esters of classic LA molecules can increase the duration of
effect 100–300-fold.138[III] Additionally, these molecules
show exciting potential as their potency increases in acidic
environments, making their use in inflamed tissue pos-
sible. Biotoxins (tetrodotoxin) have a narrow therapeutic
index, which limits their clinical usage, but they still hold
promise as they act synergistically with LAs to provide
enhanced analgesia and preferentially block small fiber
Na1(v) isoforms.139, 140[II] Another promising drug is
butyl amino-benzoate (BAB), an amino-ester with very
low lipid solubility.30 It appears to block only C and Ad
fibers, resulting in analgesia with minimal sensory and
motor blockade and a highly selective differential effect.
It can be suspended in polyethylene glycol and poly-
sorbate-80 (butamben), which releases it very slowly,
resulting in a prolonged duration. An effect on Kv1.1 and
N- and T-type Ca21 channels is proposed to explain its
nontypical action.141, 142 It has been successfully used for
both cancer and noncancer pain.143[V], 144[IV] Ulti-
mately, it is hoped that further human clinical work on
these drugs will lead to improved efficacy, safety, and
wider therapeutic options.

Prolonged release preparations can be created by the
addition of viscous substances such as peanut oil, dex-
trans, hyaluronic acid, and lipids to the LA mixture.
Alternatively, slow release reservoirs in the form of gels,145

polymers,146 and bone acrylic cement147[III] have been
developed. While the gels can be used topically, polymers
and cement mix are viscous and require wide-bore
needles or open surgical placement. The addition of
dexamethasone and TTX (tetrodotoxin) to synergistically
enhance the duration of LA block offers a new way to
develop these techniques.140, 146

The most promising form of slow release LA pre-
paration is in the use of liposomes. These are lipid vesicles
o1-m diameter, or microspheres, polymers of 10–150-m
diameter, that allow the encapsulation and controlled
release of drugs, including LA agents. The advantages of
reduced toxicity from lowered plasma peak concentra-
tions148 combined with a prolonged sensory effect are
promising and they have been used successfully in ani-
mal149, 150[III] and human models.151[V], 152[IV] How-
ever, the hydrolysis of the liposomal phospholipids may
produce toxic metabolites, peroxides, and free radicals,
which have caused behavioral change and inflammation
in animal models.153 Additionally, myotoxicity and local
inflammation occur and persist for up to a month after
injection in rats.140 Extremely high concentrations of LA
in depot-formulation can also cause neurotoxicity, with
lidocaine causing more damage than would be caused by
absolute alcohol.154[IV] While better in vitro techniques
are being used to predict release rate and blood con-
centration,155 further development and better human
clinical trials are needed to optimize these delivery sys-
tems, maximize the LA effect and establish a safe dose
range that minimizes side effects.156[V]
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71. Meissner K, Holst D, Mädler S, Strichartz GR. Potential

neurotoxicity of lidocaine and bupivacaine for

continuous spinal anaesthesia. The International Monitor

16th Annual ESRA Congress, London, 1997; 9: 8 (abstract

issue).

� 72. Radwan IA, Saito S, Goto F. The neurotoxicity of local

anaesthetics on growing neurons: a comparative study of

lidocaine, bupivacaine, mepivacaine and ropivacaine.

Anaesthesia and Analgesia. 2002; 94: 319–24.
73. Thompson GE. Continuous spinal anaesthesia: an ASRA

perspective. Regional Anaesthesia. 1993; 18: 387–9.
74. Standl T, Eckert S, Schulte am Esch J. Microcatheter

continuous spinal anaesthesia in the post-operative

period: a prospective study of its effectiveness and

complications. European Journal of Anaesthesiology.
1995; 12: 273–9.

75. Schneider M, Ettlin T, Kaufmann M et al. Transient
neurologic toxicity after hyperbaric subarachnoid

anaesthesia with 5% lidocaine. Anaesthesia and
Analgesia. 1993; 76: 1154–7.

76. Panadero A, Monedero P, Fernandez-Liesa JI et al.
Repeated transient neurological symptoms after spinal

Chapter 7 Clinical pharmacology: local anesthetics ] 131



anaesthesia with hyperbaric 5% lidocaine. British Journal
of Anaesthesia. 1998; 81: 471–2.

77. Dahlgren N. Transient radicular irritation after spinal

anaesthesia Acta Anaesthesiologica Scandinavica. 1996;
40: 864–5 (letter).

� 78. Pollock JE. Neurotoxicity of intrathecal local anaesthetics

and transient neurological symptoms. Best Practice and
Research Clinical Anaesthesiology. 2003; 17: 471–84.

79. Neal JM, Pollock JE. Can scapegoats stand on shifting

sands? Regional Anaesthesia and Pain Medicine. 1998;
23: 533–7.

80. Aguilar JL, Pelaez R. Transient neurological syndrome does

it really exist? Current Opinion in Anaesthesiology. 2004;
17: 423–6.

81. Freedman JM, Li DK, Drasner K et al. Transient neurological
symptoms after spinal anaesthesia: an epidemiological

study of 1,863 patients. Anesthesiology. 1998; 89:
633–41.

82. Pollock JE, Liu SS, Neal JM, Stephenson CA. Dilution of

spinal lidocaine does not alter the incidence of transient

neurological symptoms. Anesthesiology. 1999; 90:
445–50.

83. Valenzuela C, Delpon E, Tamkun MM et al. Stereoselective
block of human cardiac potassium channel (Kv1.5) by

bupivacaine enantiomers. Biophysical Journal. 1995; 69:
418–27.

84. Lee-son S, Wang GK, Concus A et al. Stereoselective
inhibition of neuronal sodium channels by local

anaesthetics: evidence for two sites of action?

Anesthesiology. 1992; 77: 324–35.
85. Nau C, Vogel W, Hempelmann G et al. Stereoselectivity of

bupivacaine in local anesthetic-sensitive ion channels of

peripheral nerve. Anesthesiology. 1999; 91: 786–95.
86. Stewart J, Kellet N, Castro D. The CNS and CVS effects of

levobupivacaine and ropivacaine in healthy volunteers.

Anaesthesia and Analgesia. 2003; 97: 412–6.
87. Veering BT. Complications and local anesthetic toxicity in

regional anaesthesia. Current Opinion in Anaesthesiology.
2003; 16: 455–9.

� 88. Royse CF, Royse AG. The myocardial and vascular effects

of bupivacaine, levobupivacaine and ropivacaine using

pressure volume loops. Anaesthesia and Analgesia. 2005;
101: 679–87.

89. Mulroy MF. Local anesthetics: helpful science, but don’t

forget the basic safety steps. Regional Anesthesia and
Pain Medicine. 2005; 30: 513–5.

90. Weinberg GL, Ripper R, Murphy P et al. Lipid infusion

accelerates removal of bupivacaine and recovery from

bupivacaine toxicity in the isolated rat heart. Regional
Anesthesia and Pain Medicine. 2006; 31: 296–303.

91. Litz RJ, Popp M, Stehr SN, Koch T. Successful resuscitation

of a patient with ropivacaine induced asystole after

axillary plexus block using lipid infusion. Anaesthesia.
2006; 61: 800–01.

� 92. Picard J, Meek T. Lipid emulsion to treat overdose of local

anaesthetic: the gift of the glob. Anaesthesia. 2006; 61:
107–09.

� 93. Weinberg GL. Current concepts in resuscitation of patients

with local anesthetic cardiac toxicity. Regional
Anaesthesia and Pain Medicine. 2002; 27: 568–75.

94. Weinberg GL. In defence of lipid resuscitation

Anaesthesia. 2006; 61: 807–21 (letter).

95. Greensmith JE, Murray WB. Complications of regional

anaesthesia. Current Opinion in Anaesthesiology. 2006;
19: 531–7.

96. Moore N, Kirkton C, Bane J. Lipid emulsion to treat

overdose of local anesthetic. Anaesthesia. 2006; 61:
605–16.

97. Renehan EM, Enneking K, Varshney M et al. Scavenging
nanoparticles: An emerging treatment for local anesthetic

toxicity. Regional Anaesthesia and Pain Medicine. 2005;
30: 380–4.

98. Raj PP, Winnie AP. Immediate reaction to local

anaesthetic. In: Orkin FK, Coopperman LH (eds).

Complications in anesthesiology. Philadelphia, PA: JB
Lippincott, 1983.

99. Charnet P, Labarca C, Leonard RJ et al. An open-channel

blocker interacts with adjacent turns of the alpha-helices

in the nicotinic acetylcholine receptor. Neuron. 1990; 4:
87–95.

100. Zsigmond EK, Kothary SP, Flynn KB. In vitro inhibitory

effect of amide-type local analgesics on normal and

atypical human plasma cholinesterases. Regional
Anaesthesia. 1978; 3/4: 7–9.

101. McNamara PJ, Slaughter RL, Pieper JA et al. Factors
influencing serum protein binding of lidocaine in humans.

Anaesthesia and Analgesia. 1981; 60: 395–400.
�102. Zink W, Graf BM. Local anaesthetic myotoxicity. Regional

Anaesthesia and Pain Medicine. 2004; 29: 333–40.
103. Ibarra CA, Ichihara Y, Hikita M et al. Effect of bupivacaine

enantiomers on Ca21 release from sarcoplasmic reticulum

in skeletal muscle. European Journal of Pharmacology.
2005; 512: 77–83.

104. Borg T, Modig J. Potential antithrombotic effects of

local anaesthetics due to their inhibition of platelet

function. Acta Anaesthesiologica Scandinavica. 1985; 29:
739–42.

105. Henny CP, Odoom JA, ten Cate H et al. Effects of
extradural bupivacaine on the haemostatic system. British
Journal of Anaesthesia. 1986; 58: 301–5.

106. Covino BG. Toxicity and systemic effects of local

anesthetic agents. In: Strichartz GR (ed.). Local
anaesthetics. Handbook of experimental pharmacology.
Berlin: Springer-Verlag, 1987: 187–212.

107. Swanton BJ, Shorten GD. Anti-inflammatory effects of

local anesthetic agents. International Anesthesiology
Clinics. 2003; 41: 1–19.

108. Hollmann MW, DiFazio CA, Durieux ME. Ca-signalling G-

protein-coupled receptors: A new site of local anesthetic

action? Regional Anaesthesia and Pain Medicine. 2001;
26: 565–71.

109. Brower MC, Johnson ME. Adverse effects of local

anesthetic infiltration on wound healing. Regional
Anaesthesia and Pain Medicine. 2003; 28: 233–40.

132 ] PART I GENERAL CONSIDERATIONS



110. Stevens RA, Urmey WF, Urquhart BL, Kao TC. Back pain

after epidural anaesthesia with chloroprocaine.

Anesthesiology. 1993; 78: 492–7.
111. Brown WU, Bell GC, Alper MH. Acidosis, local anesthetics

and the newborn. Obstetrics and Gynecology. 1976; 48:
27–30.

112. Meninger D, Byhahn C, Kessler P et al. Intrathecal
fentanyl, sufentanil or placebo combined with hyperbaric

mepivacaine 2% for parturients undergoing elective

cesarean delivery. Anaesthesia and Analgesia. 2003; 96:
852–8.

113. Taddio A, Ohlsson A, Einarson TR et al. A systematic review

of lidocaine-prilocaine cream (EMLA) in the treatment of

acute pain in neonates. Pediatrics. 1998; 101: E1.
114. Vree TB, Gielen MJM. Clinical pharmacology and the use of

articaine for local and regional anaesthesia. Best Practice
and Research in Clinical Anaesthesiology. 2005; 19:
293–308.

115. Kasten GW. High serum bupivacaine concentrations

produce rhythm disturbances similar to torsades de points

in anesthetised dogs. Regional Anaesthesia. 1986; 11:
20–5.

116. Clarkson CW, Hondeghem LM. Mechanism for bupivacaine

depression of cardiac conduction: fast block of sodium

channels during the action potential with slow recovery

from block during diastole. Anesthesiology. 1985; 62:
396–405.

117. Aberg G. Toxicological and local anaesthetic effects of

optically active isomers of two local anaesthetic

compounds. Acta Pharmacologica et Toxicologica. 1972;
31: 273–86.

118. Vanhoutte F, Vereecke J, Verbeke N, Carmeliet E. Stereo-

selective effects of enantiomers of bupivacaine on the

electrophysiological properties of the guinea pig papillary

muscle. British Journal of Pharmacology. 1991; 103:
1275–81.

119. Groban L, Deal DD, Vernon JC et al. Cardiac resusci-

tation after incremental overdosage with lidocaine,

bupivicaine, levobupivicaine and ropivicaine in

anesthetised dogs. Anaesthesia and Analgesia. 2001; 92:
37–43.

120. Thomas RD, Behbehani MM, Coyle DE, Denson DD.

Cardiovascular toxicity of local anaesthetics: an

alternative hypothesis. Anaesthesia and Analgesia. 1986;
65: 444–50.

121. Foster RH, Markham A. Levobupivacaine: a review. Drugs.
2000; 59: 551–79.

122. Nancarrow C, Rutten AJ, Runciman WG et al. Myocardial

and cerebral drug concentrations and the mechanisms of

death after fatal intravenous doses of lidocaine,

bupivacaine, and ropivacaine in the sheep. Anaesthesia
and Analgesia. 1989; 69: 276–83.

123. Writer WD, Stienstra R, Eddleston JM et al. Neonatal
outcome and mode of delivery after epidural analgesia for

labour with ropivacaine and bupivacaine: a prospective

meta-analysis. British Journal of Anaesthesia. 1998; 81:
713–7.

�124. Simpson D, Curran MP, Oldfield V, Keating GM.

Ropivacaine: A review of its use in regional anaesthesia

and acute pain management. Drugs. 2005; 65: 2675–717.
125. Lyons G, Reynolds F. Toxicity and safety of epidural local

anaesthetics. International Journal of Obstetric
Anesthesia. 2001; 10: 259–62.

126. McClellan KJ, Faulds D. Ropivacaine: an update of its use

in regional anaesthesia. Drugs. 2000; 60: 1065–93.
127. Casati A, Borghi B, Fanelli G et al. Interscalene brachial

plexus anaesthesia and analgesia for open shoulder

surgery: A randomized, double blinded comparison

between levobupivacaine and ropivacaine. Anaesthesia
and Analgesia. 2003; 96: 253–9.

128. Senard M, Kaba A, Jacquemin MJ et al. Epidural
levobupivacaine 0.1% or Roopivacaine 0.1% combined

with morphine provides comparable analgesia after

abdominal surgery. Anaesthesia and Analgesia. 2004; 98:
389–94.

129. De Negri P, Ivani G, Tirri T et al. A comparison of epidural

bupivacaine, levobupivacaine and ropivacaine on

postoperative analgesia and motor blockade. Anaesthesia
and Analgesia. 2004; 99: 45–8.

130. Lee BB, Ngan Kee W et al. Epidural infusion of ropivacaine

and bupivacaine for labour analgesia: A randomized,

double blind study of obstetric outcome. Anaesthesia and
Analgesia. 2004; 98: 1145–52.

131. Casati A, Moizo E, Marchetti C, Vinciguerra F. A

prospective, randomized, double blind comparison of

unilateral spinal anaesthesia with hyperbaric bupivacaine,

ropivacaine or levobupivacaine for inguinal herniorrhaphy.

Anaesthesia and Analgesia. 2004; 99: 1387–92.
132. Mofenson HC, Caraccio TR, Miller H, Greensher J.

Lidocaine toxicity from topical mucosal application.

Clinical Pediatrics. 1983; 22: 190–2.
133. Wolf AR, Stoddart PA, Murphy PJ, Sasada M. Rapid skin

anaesthesia using high velocity lignocaine particles: a

prospective placebo controlled trial. Archives of Disease in
Childhood. 2002; 86: 309–12.

134. Marchant AE, McConachie I. Intravenous regional

anaesthesia. Current Anaesthesia and Critical Care. 2003;
14: 32–7.
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KEY LEARNING POINTS

� Patients with acute pain must be reassessed at frequent

intervals, with decisions regarding clinical interventions

being based on clearly described criteria.
� Acute pain assessment involves a careful pain history

including past experiences and treatments and the

characteristics of the current pain.
� The patient’s self-reporting of pain intensity is a key

guide to management and should be documented

wherever possible using appropriate tools and scales.

� Assessment and reporting of functional capacity is

critical to titrating analgesia to maximize patient

recovery.
� A number of tools are available to facilitate pain

assessment in those who cannot communicate verbally

or who are cognitively impaired.
� Monitoring for side effects and complications of

analgesic interventions is necessary to ensure the

provision of pain relief is both effective and safe.

INTRODUCTION

Assessment of pain in patients with acute pain is often
undertaken quickly, with a view to rapid titration of
analgesia and removal of the problem. Unfortunately,
because of the nature of acute pain, the reality is that
underassessment leads to inadequate pain management
and contributes to poor outcomes.

As with chronic pain, the assessment of acute pain
should include an appropriate pain history, including the
evaluation of pain intensity, location, character, and
recent changes. The functional impact of the pain should
also be assessed. All of this must be undertaken within the
context of the patient’s situation, i.e. history of the acute
pain event, history of past and ongoing long-term pain
experiences, and full knowledge of current analgesic and
medical history. Ideally, in a perioperative setting there
would be an opportunity beforehand to discuss the pain

history with the patient, consider a pain management
plan, advise on appropriate expectations, and also to
discuss pain measurement tools and the importance of
communicating pain experiences openly with his or her
clinical carers. In many other environments this is simply
not achievable, such as acute severe trauma in the Acci-
dent and Emergency Department or with patients with
poor communication ability, including dementia.

ASSESSMENT

Reliable and accurate assessment of acute pain is necessary
to ensure safe and effective pain management. Table 8.1
summarizes the key objectives for acute pain assessment.
The International Association for the Study of Pain (IASP)
definition of pain emphasizes that it is a subjective
experience, that it can be affected profoundly by other



factors in the environment such as anxiety and depression,
and that its expression is related to the social and cultural
background of the individual. In addition, it is now well
recognized that acute pain, like chronic pain, is not uni-
dimensional and may not be effectively categorized by one
measurable index. Many scales have been developed to
attempt to record the perceived level of pain (pain intensity
scores) or to assess the degree of pain relief (analgesia
scores). A number of these have direct application in a
tightly controlled research environment, whilst others have
less reliability or are less complex but are simpler to apply
and hence more useful on a day-to-day basis.

In acute pain management, assessment must be
undertaken at appropriate frequent intervals. At these
times, evaluation of pain intensity, functional impact, and
side effects of treatment must be undertaken and recorded
using tools and scales that are consistent, valid, and

reliable. There is evidence that more frequent assessment
leads to improved pain management.1 While it is always
hoped that pain scores would remain at satisfactory levels
or improve, deterioration in any of these is not auto-
matically a signal for increasing or modifying analgesic
therapy. In particular, a significant unexpected increase in
pain may be due to the onset of a new clinical condition
(e.g. perforated viscus or compartment syndrome) and
should be evaluated accordingly. Likewise, aggressive pain
management without appropriate clinical safety mon-
itoring may lead to increased adverse outcomes.2

HISTORY

The pain history is necessary in order to place the pain
measurements into context and therefore to prioritize and

Table 8.1 Key objectives of pain assessment.

Key objectives

1. Identification of the patient’s clinical context
history of acute pain event

pain history

current and recent past analgesic strategies

2. Measurement of the current level of pain intensity, location, and character
to enable prioritization
triage (Emergency Departments)

alter review frequency (ward-based care)

consultation by senior/more skilled clinicians

to identify inconsistencies
has something been missed?

has a new problem emerged?

to decide on a treatment strategy
appropriate to type of pain

ongoing – plus or minus modifications

new interventions

3. Measurement of current functional impact of the pain (or its treatment)

effect on immediate quality of life (sleep, nausea, etc.)

ability to engage in rehabilitation therapies

4. Evaluation of safety parameters
pharmacological side effects or toxicity, e.g.

opioids: nausea, sedation, respiratory depression

NSAIDs: GI discomfort, renal function

local anesthetics: inappropriate motor or sensory block

physical injury, e.g.

intravenous, subcutaneous, or epidural infusion site inflammation

neuraxial block and potential complications (hematoma, abscess)

5. Plan for next steps including further assessments

6. Communication of findings

with patient

in clinical record – documentation of current findings

as a record of assessment

to provide an indication of change of condition

a source of information regarding the quality of care

GI, gastrointestinal; NSAID, nonsteroidal anti-inflammatory drugs.
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guide appropriate therapy. In chronic pain management,
the pain history forms part of the complete biopsycho-
social assessment of the patient in a multidisciplinary
environment. Complex and long-standing issues need to
be evaluated in a considered fashion in order to develop a
long-term strategy for effective management. In acute
pain, the clinical situation is often clearly defined and the
expectations are for a relatively rapid recovery from the
initiating condition. Nonetheless, although in some cir-
cumstances clinical priorities may dictate a need for a
rapid initial intervention (e.g. in the Accident and
Emergency Department), an exploration of the patient’s
pain history, both acute and chronic, is important to
provide both effective and safe pain relief.

The key elements of the pain history in patients with
acute pain are:

1. establish communication and rapport with the
patient;

2. understand the context of the current condition;
3. learn the location, character, and intensity of the

pain being experienced;
4. establish the functional impact of the pain on the

patient’s activity;
5. identify all current drug therapies and the

indications for their use;
6. identify drug adverse reactions or allergies that

might affect analgesic options;
7. determine underlying chronic pain issues and

treatments;
8. learn about previous relevant acute pain episodes

and how they responded to treatment.

Items 1–6 are essential for safe management of acute pain
conditions. Items 7 and 8 are important in maximizing
the effectiveness of treatment and also in interpreting pain
intensity measurements.

Communication with patients experiencing acute pain
may be difficult, especially in the early stages of treatment
if adequate pain control has not been achieved. Patients
may be agitated and distressed and impatient for an
effective intervention to occur. However, a considerable
amount can be gained by concise and relevant question-
ing and listening to what the patient says. Knowledge of
the patient’s cultural, social, and medical background
aids the establishment of a relationship of trust and
commitment, which is an important initial step in
therapy.

It is essential to determine the context of the acute
pain condition. In some cases this will be immediately
obvious, such as an acutely fractured limb secondary to
trauma, or a postoperative patient, but in others there
may be much to reveal such as a patient with a long-
standing inflammatory bowel condition with an acute
abdomen requiring laparotomy. In either case, there
will be many factors that need to be considered, includ-
ing emotional status, cultural factors, and practical

considerations such as cognitive state and medicolegal
consent issues.

When reviewing patients during treatment for acute
pain, it is important to remember that the patient’s cur-
rent condition may well have altered since the last visit,
even if it were only a few hours previously. Recent
mobilization, changes in drug therapy, side effects of drug
treatment (e.g. nausea), the effects of altered sleep pat-
terns, and even relationships with carers may all impact
on the current situation.

The pain description is a core component of the his-
tory. The patient’s pain needs to be described in a com-
prehensive and efficient manner. In acute pain, as in
chronic pain, it is the subjective interpretation of the pain
by the patient that provides the most information.
Typically, acute pain assessment has focused on uni-
dimensional pain scores without further description;
however, whenever possible a detailed description of the
patient’s pain should be made including the following
characteristics, remembering that there are often multiple
sites or sensations of pain:

� site:
– where the pain is located – site of injury, surgical

wound, frontal headache;
� intensity:

– the subjective pain rating (see measurement
below);

– reported both at rest and with movement/activity;
� nature:

– descriptive characteristics of the pain (it is
important to differentiate nociceptive from
neuropathic pain, both of which may often
present at the same time, see below);

� radiation:
– visceral radiation patterns, e.g. cardiac, renal;
– neurological distribution, e.g. sciatica;
– referred patterns, e.g. diaphragmatic irritation;

� modifying factors:
– aggravating or relieving factors:

� activities, posture, etc.
– temporal factors:

� change over time
� cyclical exacerbations (including, of course,
‘‘colicky’’ patterns typical of spasm of a
hollow viscus;

� periodic changes;
� associated symptoms:

– nausea/vomiting;
– syncope/dizziness;
– neurological symptoms, e.g. visual changes with

migraine;
� emotional impact of the pain, e.g. distress.

The process of eliciting the above characteristics need not
be complex and time-consuming. For example, patients
following knee joint replacement surgery often have
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significant pain, but there may be multiple components.
The knee itself may be acutely painful secondary to sur-
gical resection and manipulation, there may be muscle
spasm and pain in the thigh as a reflex response to joint
irritation or due to muscle injury from the leg tourniquet,
and there may be radiating pains or burning discomfort
in the lower leg due to nerve injury during surgery. The
therapeutic strategies and expected time course for reso-
lution of each of these components differs significantly,
and management of any one element will lead to
incomplete treatment.

Pain intensity is measured and recorded using one or
more scales/tools as detailed below under Measurement.
At different times, the measurement tool may change
because of the circumstances of the patient (sedation/
cognitive state/dexterity, etc.). For example, in the post-
operative period, the residual effects of anesthesia medi-
cations may make it more appropriate to use verbal scales
until the patient is settled back in the ward.

Pain intensity should be assessed both at rest and with
movement relevant to the patient’s condition. Both values
should be recorded. These measures give an indication of
the subjective component of the pain, but they do not
enable the clinician to determine the impact that the pain
is having on limiting physical activity. For this to be done,
a functional activity assessment must be made (see below
under Functional assessment).

It is becoming increasingly apparent that acute pain
comprises both nociceptive components (somatic and
visceral) and neuropathic components. Neuropathic pain
may be manifest in the immediate postoperative period3, 4

and provides one explanation for the limited opioid
responsiveness in some conditions. Phantom sensations,
including pain, have been identified to be present within a
few days following amputation in up to 75 percent of
patients.5 Descriptive characteristics useful for differ-
entiating nociceptive from neuropathic pain are listed in
Table 8.2.

The functional impact of the patient’s pain can be
assessed by history and, if possible, direct observation.
Pain management can only be considered to be fully
effective if it both relieves the patient’s suffering and
enables appropriate physical function. Without being able
to undertake relevant activities, which in most cases
involve rehabilitation, recovery from an underlying injury
will most likely be impaired. Further information
regarding scoring functional impact as a Functional
Activity Scale (FAS) score is provided below (see Func-
tional Activity Scale). The activity to be used for assessing
the FAS score must be determined on an individual basis
– coughing may be an appropriate activity target fol-
lowing abdominal surgery, whereas tolerance of phy-
siotherapy and joint mobilization may be appropriate
following knee surgery, or the ability to tolerate a lighted
room for migraine headaches. Pain also impacts on other
aspects of function, such as the ability to sleep, which
should be assessed.

It is important to be aware of the chronic use of
analgesics as part of a pain history as the presence of
opioid tolerance requires modification of analgesic stra-
tegies in acute pain. Specific treatments, such as bupre-
norphine patches or naltrexone in substance abuse
disorders, also need to be considered (see Chapter 30, The
opioid-tolerant patient, including those with a substance
abuse disorder).

Finally it should be re-emphasized that the emotional
status of the patient (e.g. depression, anxiety, anger, dis-
tress) has a significant impact on their reaction to pain
and their response to clinical intervention.6

MEASUREMENT

Appropriate measurement of acute pain at the bedside or
in the clinic, both before and following interventions, is

Table 8.2 Characteristics of nociceptive and neuropathic pain.

Nociceptive Neuropathic

Somatic Visceral

Well localized� tenderness Poorly localized� referred

radiation pattern

Often located in a somatic region rather than precisely to

a site of injury

Sharp/stinging/hot Dull/cramping/colicky Burning/shooting/stabbing

Autonomic symptoms – sympathetic

predominate

Autonomic symptoms – vagal

predominates

Poorly identified triggers

Poor response to opioid therapy

Abnormal sensations in the affected region (dysesthesias)

Burning, allodynia

Evidence of neurological dysfunction

Numbness, hypoesthesia

Associated with other phenomena, such as phantom

sensations or pain
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the most important first step in providing effective acute
pain relief. A wide range of acute pain measurement tools
has been developed for both routine clinical use and
research use. There are vastly different clinical and patient
factors which make it necessary to have a choice of
measurement tools available. Apart from personal pref-
erences, language, past experience, and education level
often influences a patient’s choice of a pain-reporting
tool.

There is frequently no pre-education of surgical
patients or admission-time education of hospital in-
patients about methods available to enable effective
communication of pain intensity. Patients are rarely given
the opportunity to choose the pain-reporting tool that
best suits their needs and communication abilities. The
tool used to measure pain could change during a patient’s
stay, depending on their clinical circumstances (e.g. time
in postanesthesia care unit (PACU)). Having pre-educa-
tion would facilitate such changes.

As has been mentioned, the measurement of pain
intensity is only one component of measuring acute pain
and must be done with the patient moving (or deep
breathing/coughing, etc.) as well as at rest, and in con-
junction with a functional assessment in order to gain an
accurate impression of the adequacy of analgesia.

Pain intensity scales

Pain intensity is the subjective component of the per-
ception of pain by the patient. It is an important para-
meter because ultimately from the patient’s perspective
this is what counts. It is this parameter that is referred to
by the American Pain Society as the ‘‘fifth vital sign.’’
Important as it is, it should be remembered that it is
nonetheless only one component of the complete pain
assessment (Table 8.1). As noted above, different mea-
surement tools suit different patients and clinical cir-
cumstances. Ultimately, it is helpful to reduce the value
recorded by all tools to a reporting value that is easily
transcribed and able to be used by different clinicians over
time to assess absolute levels and also change in pain
intensity over time. Thus, most tools should be converted
to a 0 to 10 (i.e. 11-point) scale. Any scale that is non-
ranked is not clinically useful for long-term management.

VERBAL DESCRIPTOR SCALES

Forms of verbal rating scales (description of pain inten-
sity) are tools that can be applied when others fail or
when cognition is impaired, provided that communica-
tion is not compromised. The variability of interpretation
of the specific verbal descriptors weakens the overall
reliability.

The verbal descriptor scale (VDS) is also called the
verbal rating scale (VRS) or graphic rating scale (GRS). It

includes a series of word descriptors of pain intensity in
ascending order, the pain intensity score of the McGill
Pain Questionnaire (MPQ) being the most frequently
used form which have been updated from time to time.7

The VRS has been validated in 1997 by Paice and Cohen,8

and a five words format in 1971 by Melzack.9

Examples of scales include the four-level VRS-410 (0,
no pain; 1, mild pain; 2, moderate pain; 3, severe pain)
and the five-level scale11 (mild, discomforting, distressing,
horrible, excruciating). The latter scale was thought to be
too open-ended and so defined end points were added by
Aitken in 1969 (‘‘no pain’’ and ‘‘unendurable.’’)12 This
version therefore has a seven-point scale.

Advantages of VDS

� Descriptor scales are used to measure the sensory
dimension of pain. Except for the (MPQ), they have
seldom been examined for reliability or validity but
show strong correlations between visual analog scale
(VAS) and VDS in studies over 20 years.

� Simple VDSs have been used to measure pain
intensity, as well as ‘‘expectation’’ of relief and actual
pain relief.13

� Descriptive terms added to measurement scales are
thought to increase the likelihood of recording the
same degree of severity in the same position on the
scale.12 Although this may improve the reliability, it
also narrows the range available and may introduce
bias depending on the subject’s interpretation of the
descriptors.

� VDS techniques successfully quantify sensory
intensity and affective aspects of pain, and VDS
provides a more sensitive tool for separating intensity
and unpleasantness than nondescriptive scales.14

Disadvantages of VDS scales

� The literature suggests variability in use of verbal
descriptors is associated with affective distress,
especially in cancer pain, and therefore variability in
reports of pain intensity may be due to the use of
different descriptors, different tools and a lack of
standardization in measurement.13 This also applies
across population groups.15

� VDSs have a limited number of possible responses
and the scale is noncontinuous, so that the use of
nonparametric statistical analysis is required,
potentially making this scale weaker in research than
the VAS.16

� The VRS is consistently regarded as being simple to
apply and scale measurements correlate somewhat
with other tools, such as the VAS. The choice of
words is important, and the pain intensity scale of
the MPQ appears to be the most widely used English
language version. In particular, it is the most effective
scale in elderly patients with cognitive impairment –
possibly due to the retention of long-term verbal
associations. Even in English-speaking patients, word
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choice is very variable, however.17 Translation into
other languages has been carried out, but many of
these versions have not been as extensively validated.

In emergency medicine, triage scales, such as the Man-
chester Triage Scale and the Australasian Triage Scale,
incorporate categorical or numeric descriptors of pain as
part of their overall patient assessment.18 These scales
highlight the need to take into consideration both sub-
jective and objective data. The purpose of the triage
assessment is to prioritize patients for care, based on a
combination of past history, physiological factors, pain,
and other acute clinical conditions. Pain assessment is an
important component, but it must be taken into con-
sideration as part of the entire patient presentation. All
triage systems require appropriate education and training
by those applying the criteria for them to be reproducible.

NUMERICAL RATING SCALE

The numerical rating scale (NRS) is one of the most
widely used pain rating scales in clinical practice set-
tings.19 The NRS can be administered verbally as a 0–10
(or 0–5) scale or visually with both words and numbers
along a vertical or horizontal line. Patients are asked to
choose a number that relates to their pain intensity: 0
represents no pain and 10 the worst possible pain.20 The
NRS competes with the VAS as the gold standard of pain
intensity measurement.21

The verbal NRS (NRS or VNRS) is typically admi-
nistered using a phrase such as: ‘‘On a scale of 0 to 10,
with 0 being no pain at all and 10 being the worst pain
you could imagine, where would you rate the pain you are
experiencing right now?’’ NRSs are also known as NRS-11
(patients rate from 11 points 0–10) and NRS-100
(patients rating from 0–100).22

The most straightforward visual representation of the
NRS is not unlike a VAS, except that there are tick-marks
and numbers registering the units that the scale is divided
into (Figure 8.1). A hybrid scale using a vertical visual
NRS along with faces can be used for patient populations
who have difficulty with horizontal scales.12

The point box scale (PS-11) is a simple variant where
the patient points to a selection of 11 numerals23 dis-
played in a line of boxes (Figure 8.2). There is also a 21-
point box scale (PS-21). Patients point to the number
which represents their pain level or alternatively place an
X on the appropriate number. The use of visual alter-
natives was highlighted in the Department of Veterans
Affairs Project ‘‘Pain as the 5th Vital Sign Toolkit’’ as

being important in accommodating the specific require-
ments of particular patients. Such patient groups inclu-
ded the hearing-impaired and dysphasic patients or
settings of care where oral responses are limited.24

Advantages of NRS

� Overall, the NRS correlates well with conventional
VAS25 and Faces Scales,12 and correlation with
coughing has been shown to be better than at
rest.26

� The NRS has been validated as a verbal alternative or
complementary to the VAS27 and categorical scales,25

especially in more acutely ill patients.8

� The verbal form of the NRS may be used without
instrumentation (visual aids).

� Sensitivity is improved by spacing equal numeric
increments.28

� The NRS is straightforward and quick to use, and
therefore encourages frequent assessment of pain.26

� The verbal NRS was completed by more
postoperative patients (99.5 percent) than the VAS
(85.5 percent) during nighttime assessment in an
orthopedic ward.29

� The results are simple to record.12

� It is valid for use in assessment of acute, cancer of
chronic nonmalignant pain, and in varied clinical
settings.

Disadvantages of NRS

� It is a unidimensional assessment tool. Supplemental
scales are required to assess other dimensions, e.g.
pain distress.20

� In postoperative patients, the NRS-11 correlated
poorly with orthopedic pain or rest pain scores,
despite better correlation in other surgical groups
with activity.26

� Some patients have difficulty visualizing their pain in
numerical terms and cannot complete pain
assessments this way.

� NRSs are not useful for patients who are confused.
Alternative methods of assessing pain in these
populations must be employed.

� Verbal explanation and cues should be standardized
to ensure reliable scores are obtained.

� In the Accident and Emergency Department, verbal
NRSs (0–10) are commonly used in triage and
following treatment interventions. Simple VDSs are
used when this is not possible (‘‘no pain’’ y ‘‘it
hurts a lot’’). Behavioral assessment using observed
parameters (including physiological factors) are also
used to assess severity of pain.18

0 1 2 3 4 5 6 7 8 9 10

Figure 8.1 Linear representation of a numerical rating scale.

No pain Extreme pain0 1 2 3 4 5 6 7 8 9 10

Figure 8.2 Point-box variant of numerical rating scale, useful

for pointing to with finger.
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Clinical correlates of the actual numerical score are
similar to the VAS, with 0–3 constituting mild pain, 4–6
moderate pain, and 7–10 severe pain on an NRS-11
scale.30 The Department of Veterans Affairs project indi-
cated that scores between 1 and 4 were indicative of a
mild level of pain intensity, 5 and 6 a moderate level, and
7 or greater reflective of severe pain.24 Like the VAS, it is
widely accepted that a level over 3 (out of 10) is a
threshold of clinical relevance. Thus a value of 4 or more
is often used to guide clinical nursing judgment as to the
need for further intervention or documentation that a
patient’s goals for analgesia have been achieved.26

The NRS is a versatile and well-validated tool. How-
ever, it exists in many variants and the implications from
testing with one variant may not necessarily flow on to
others. The NRS-11 (0–10 scale) is most widely used in
one form or another, especially in clinical practice
investigations. As a research tool, its metrics have not
been as fully characterized as the VAS, but in clinical use
the thresholds (e.g. mild, moderate, and severe) are
consistent with those for VAS. Caution is advised with
interpreting some of the literature as a number of study
populations have been patients with chronic or subacute
pain. The NRS has some limitations in those with com-
munication difficulties, the elderly, and cognitively
impaired, and indeed in some postoperative categories of
patient. However, these limitations have not been con-
sistently found by all authors and the use of the NRS as an
acute pain assessment tool is recommended.

VISUAL ANALOG SCALE

VAS scores are reliable, validated, and produce a ‘‘stan-
dardized’’ numerical pain rating that is widely under-
stood. Although VAS scores are not applicable in some
patient circumstances, appropriate patient education may
improve their utility. The VAS is a horizontal line, typi-
cally 100mm in length, anchored by textual descriptors
and/or pictures at each end (Figure 8.3). An end point
descriptor such as ‘‘no pain’’ (a score of 0) is marked at
the left end, and ‘‘worst pain imaginable’’ or ‘‘worst
possible pain’’ (a score of 10 or 100) is marked at the right
end. The patient is asked to indicate a point along the line
at the position which they feel represents their perception
of their current state or state they are rating (if for
example they were asked to rate their overall pain over the
last six hours). The VAS score out of 10 or 100 is

determined by measuring the distance in centimeters or
millimeters from the left end of the line to the point that
the patient indicates.31

The VAS may be applied using pen and paper (the
subject places a line on a 10-cm printed scale), using a
handheld ruler with a slider that can be positioned
between the anchor points, or by pointing a finger at a
printed line (which is less precise).

The design of the VAS is important. Descriptors
should only be used for the anchor points. The choice of
verbal descriptors needs to be meaningful, unambiguous,
and culturally appropriate (e.g. ‘‘worst pain’’ might mean
‘‘worst pain today’’ to one patient or ‘‘worst pain ever’’ to
another; ‘‘severe pain’’ might mean ‘‘worst possible pain’’
to one patient and ‘‘bad but not agonizing’’ to another).
The line itself should not have numbers marked below it
nor should it have tick marks at points along its length –
these tend to act as focal points and limit the range that
patients might feel free to use. The orientation of the line
(horizontal or vertical) does not appear to have a sig-
nificant impact on the use of the tool.32

Advantages of VAS

� This scale is of value for current pain intensity, as
well as looking at change within individuals.

� The VAS is a validated ratio measure of chronic and
experimental pain,33 but more importantly from a
clinical acute pain perspective, changes in the VAS
score represent a proportionate change in magnitude
of pain perception, especially for mild to moderate
pain.34 As such, it may be reasonable to analyze
pooled VAS data using parametric statistics (see below
under Outcomes and research). It has also been
shown that the VAS is a linear scale in subjects with
severe acute pain. Changes in the VAS score therefore
represent a relative change in magnitude of pain
intensity. Overall, these studies support the linearity of
the VAS over a wide range of acute pain intensity.35

� The VAS scale is well described in research and has
been shown to be valid and reliable,36, 37, 38, 39 and a
sensitive clinical measure of pain that is amenable to
statistical analysis.40

� This scale is simple to use and the wording can be
written in many different languages.

� It can also be adapted to measure other subjective
variables, such as patient satisfaction, mood, distress,
pain relief, and nausea.41

� The VAS is systematically more powerful and
sensitive than the VRS-4 in acute pain populations
and is approximately equal to the NRS-11.10 Other
investigations found that the VAS correlated well
with the NRS-11, although it was not always
numerically equivalent.42

� VAS showed significant positive correlation with
NRSs and faces pain scale (FPS). Previous studies
have shown reliability, validity and clinical sensitivity
of VAS as a measure of intensity of subjective pain.12

No
pain

Worst pain
imaginable

Figure 8.3 Horizontal visual analog scale. May be drawn on

paper or used with a sliding indicator on a handheld ruler.

Redrawn from McCaffrey M, Pasero C. Pain: clinical manual. St
Louis, MO: Mosby Inc., 1999: 62. & 1999, Mosby, Inc.20
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Disadvantages of VAS

� The VAS is a unidimensional measure of pain
intensity and cannot adequately represent all aspects
of pain perception.

� Some studies have questioned the validity of VAS
scores when used to measure retrospective pain
scores or assess treatment efficacy.37, 43

� Some patients have difficulty conceptualizing pain as
a straight-line continuum.

� The ability to use the VAS has been reported to be
affected by personality, mood, age, and culture.40

Hence, as a research tool, it is often recommended
that anxiety scores be measured simultaneously.

� VAS scales may be difficult to use in situations of
severe pain or immediately following anesthesia.44

Nonetheless, in one study of 60 patients, residual
anesthesia, blurred vision, and nausea limited VAS
use in only four patients in the postoperative PACU
period.42

� Although VAS is a validated measure of pain, its
administration requires additional nursing resources
that may reduce compliance. The use of complex
measurement tools that preserve scientific validity at
the expense of comprehensive compliance do not
necessarily serve patients’ needs.26

� VAS scores may be not numerically interchangeable
with the NRS-11 in all circumstances. In one acute
pain study, linear relationships were noted in labor
and in postoperative patients during coughing
(thoracic and abdominal incisions), but no such
correlations noted for the same patients during rest
or for postoperative orthopedic patients.26

� Modifications to pain assessment rulers for VAS
scores (e.g. by pharmaceutical companies) have in
some instances created confusion, e.g. by adding
colors to the scales. As yet, no research is available to
prove or disprove the effectiveness of color in
measuring pain intensity.40

The VAS pain score has been used extensively in research
projects investigating acute pain, including acute post-
operative pain. In this setting, once a series of VAS scores
are obtained (either as pain scores or pain relief ratings),
they may be analyzed by a number of techniques that
assess area under the curve (AUC) over time with further
analyses following interventions, etc. As a result of
research validation of the VAS score and its conceptual
simplicity, it has been applied in clinical settings as well.
The VAS score is subjective, validated, and correlates well
with other indices of pain measurement. It is usable in a
wide range of clinical environments, although there are
clearly circumstances where it fails. Such situations are the
cognitively impaired, those with visual impairment
(although tactile modifications may be employed) or
impaired motor skills, those who are moderately sedated
(as in PACU), and those in very severe pain with
agitation.

The VAS scale provides a numerical rating, with a
score out of 10 being most useful clinically because it
translates to other indices (e.g. NRS). It has been shown
to provide a relatively linear index from mild to severe
pain. From studies involving pain relief, requests for
analgesia, and verbal descriptors, it is reasonable to
categorize a rating of 3/10 or less as mild pain, often
not being associated with requests for further analgesia,
and 8/10 or more as severe pain requiring prompt
intervention.

One of the reasons VAS scores work well in research is
that there is often a high level of motivation and bedside
support to obtain the readings. In day-to-day clinical
practice, this may not always be achievable. For VAS
scores to be reliably used in routine practice, patients
would have to be introduced to the methodology early in
their stay or even before their admission (e.g. in the pre-
admission process or Accident and Emergency Depart-
ment waiting area). In some circumstances, repeated
explanation regarding VAS use may be required in the
postoperative period as well.

PICTORIAL FACE SCALES

Pictorial scales such as the FPS – a row of face pictures
indicating increasing pain intensity – are well accepted in
pediatric pain assessment and have been used successfully
in adults. Debate still exists regarding anchor expressions
and the attribution of ‘‘nonpain’’ characteristics to the
cartoons. The data resolution is crude but useable, espe-
cially within the one patient.

The FPS was first developed by Wong and Baker and is
recommended for people aged three years and older.45, 46

An explanation is given to the patient that each face is a
person who feels happy because he has no pain (or hurt)
or sad because he has some or a great deal of pain. The
patient is then asked to choose the face that best describes
how they feel.47 There are typically six (but occasionally
seven faces) in the scale (Figure 8.4), which enables easy
translation to a numerical rating.

Although numbers may be printed under the faces,
they are to be used for transcription to the medical chart
and should not be shown to the patient. Variants exist
with other facial cartoons or even real photographs of
facial expressions as in the Oucher Scale.49 These pho-
tographic scales also come in versions appropriate to the
age and ethnicity of the children being assessed. Overall,
the ranking amongst scales is similar.47 Concern has been
raised regarding the affective contribution of a smiling
face at the ‘‘no pain’’ end of the scale.50 The scale was
originally developed by asking children to draw their
impression of facial expressions from no pain to worst
pain and a smiling face was most frequently drawn as the
‘‘no pain’’ anchor. This has been replicated with adults.47

The Faces Pain Scale-Revised (FPS-R) (Figure 8.5),
adapted from Bieri et al.51 has a neutral rather than happy
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no-pain anchor, and no tears at the upper anchor. These
scales too have been validated in adults.52

Advantages of faces scales

� Face scales are validated and reliable in children.45, 51

� They are useful in adults, especially those with
cognitive disabilities or communication difficulties.53

� They are simple to administer.
� They are able to be converted to a numerical value

for charting.

Disadvantages of faces scales

� Although notionally unidimensional, the use of facial
images adds the possibility of confounding with
emotional interpretations.

� ‘‘The y scales with ‘faces’ may have different degrees
of sensitivity, and although reported to be valid and
reliable for measuring pain, may create a ‘picture’ of
what one experiencing pain should look like, a value
that has potential of being psychosocially, or
culturally biased.’’40

� Although ranked categories, the differences between
faces may not be linear in terms of pain intensity.

� Thresholds for intervention have not been described.
� A physical tool is required to present to the patient.

Overall, the FPS is a useful tool for patients, including
adults, unable to use alternative ranking systems (see also
Chapter 38, Pain assessment in children in the Practice
and Procedures volume of this series).

PAIN DRAWINGS

This method of pain assessment is used to identify
the distribution of pain and the characteristics of
the pain syndromes experienced.54 The patient is asked
to mark the areas where he/she feels pain on a line
drawing of a person. Shading is used for identifying
qualities of pain, i.e. stabbing, pins and needles,
cramping, numbness, etc.23 This tool is used extensively
for chronic pain conditions, including back pain loca-
tion and diagnosis. Recent developments have used
computers in the production and analysis of pain
drawings.31

An intensive care unit (ICU)-based study reported that
patients were still able to communicate extensive infor-
mation about pain even when intubated. The patients in
the study were able to use a body outline diagram to
locate the painful areas and a word list to communicate
their sensations and emotions.55

Advantages

� Patients can map multiple pain locations and can
describe radiation characteristics.

� Extra notations can incorporate the character of the
pain (aching, stabbing, etc.).

� Pain drawings may be an aid to nonverbal
communication.

� The potential for multidimensional pain assessment
exists.

Numbers are not shown to child

0 2 4 6 8 10

Figure 8.5 Faces Pain Scale-Revised. This version has less ‘‘emotive’’ low and no-pain images. Instructions: ‘‘These faces show how

much something can hurt. This face (point to the leftmost face) shows no pain. The faces show more and more pain (point to each face

from left to right) up to this one (point to rightmost face) – it shows very much pain. Point to the face that shows how much you hurt

right now.’’ Note: The full-size version of the Faces Pain Scale (FPS-R), together with instructions for administration (available in 33

languages), are freely available for noncommercial clinical and research use from www.painsourcebook.ca. Redrawn with permission

from Hicks CL, von Baeyer CL, Spafford PA et al. The Faces Pain Scale-Revised: toward a common metric in pediatric pain measurement.

Pain. 2001; 93: 173–83. Scale adapted from Bieri D, Reeve RA, Champion GD et al. The Faces Pain Scale for the self-assessment of the

severity of pain experienced by children: development, initial validation, and preliminary investigation for ratio scale properties. Pain.
1990; 41: 139–50. & 2001 International Association for the Study of Pain.51, 52

0 2 4 6 8 10

Figure 8.4 Modified Wong–Baker FACES Pain Rating Scale. The numbers beneath the faces were changed from 0–5 to a 0–10 scale so

that the recording of pain intensity is consistently on a 0–10 scale. Modified from Wong DL. Whaley and Wong’s essentials of pediatric
nursing, 5th edn. St Louis, MO: Mosby Inc., 1997: 1215–16.48
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Disadvantages

� Pain drawings do not measure intensity.
� They are not very useful for diffuse pain (e.g.

headache, pelvic pain).
� They take time to complete.
� They require education, visual acuity, and dexterity

(unless just pointing).
� They need physical tools.

Overall, graphical representations of pain are well suited
to the assessment of chronic pain conditions. They also
have a role in pain assessment of acute pain on admission
(e.g. via the Accident and Emergency Department) or
initial assessment (e.g. in a Pre-admission Clinic), pro-
viding the patient is able to concentrate and is not too
distressed. Apart from specific situations of nonverbal
communication, the use of pictographic representations
of pain is less practical for routine hospital use in acute
care.

MCGILL PAIN QUESTIONNAIRE

The MPQ was developed in 1975 by Melzack primarily
for the assessment of chronic pain conditions. It com-
prises three major measures: (1) a pain rating index (PRI)
(numerical score assigned to descriptions); (2) a count of
the total number of words chosen; and (3) the present
pain intensity (modified single dimension five-point
verbal descriptive scale).

The major strengths of the MPQ are the PRIs, which
are also an area of controversy. There are three dimen-
sions: evaluative, affective, and sensory. The subclasses of
the PRI have been found to be a reliable and valid mea-
sure of pain in diverse conditions.9, 31, 56

Advantages

� Where there is a need to measure the
multidimensional aspects of pain, the MPQ is
regarded as a ‘‘gold standard’’ by many authors.57

� MPQ has been used in a variety of clinical settings,
including dentistry, postoperative pain and
complications, low back pain evaluation, and
obstetric pain. Over time, the MPQ has shown
validity and reliability in the evaluation of acute and
chronic pain.

� A major modification occurred when Melzack
introduced the short form MPQ (SF-MPQ) in 1987.9

This has proved to be advantageous, as it is simpler
and easier to use yet it correlates with the full MPQ.
The SF-MPQ has been translated into a variety of
languages.

Disadvantages

� The questionnaire is often long and tedious to
administer the abbreviated version simplifies the task
without losing the multidimensional assessment.

� The MPQ often requires completion with the help of
a research assistant and can take up to 15 minutes to
complete.57

� The need for concentration, assistance, and time
make it unsuitable for routine ward use, even in
short form.

The MPQ and the brief pain inventory (BPI) are well-
validated multilanguage tools for assessing chronic pain
and its impact. The Fifth Vital Sign project includes two
components that are similar to the SF-MPQ – the present
pain intensity and the VAS scales. Other elements of this
multidimensional scale are not included.

BEHAVIORAL ASSESSMENT TOOLS AND SCALES

Patients unable to interact to communicate effectively
may be assessed using behavioral pain scores. The rela-
tionship between behavioral tools and pain intensity
ratings has not been established for many reasons,
although work in ICU patients suggests that validation
can be undertaken. There is no clear threshold score to
indicate pain severity; instead the observations that may
be indicative of pain are used to determine what warrants
further investigation, treatment, and monitoring. Beha-
vioral assessments may be unreliable indices of severity,
but this does not mean that signs should not be
considered.

There are many circumstances when meaningful self-
reporting of acute pain is not feasible and behavioral tools
have a role, including:

� patients under the influence of residual sedatives or
general anesthetic agents;

� the absence of adequate verbal skills (neonates,
children younger than three years);

� those who cannot respond verbally or participate in
using conventional tools;

� patients with severe cognitive impairment;
� some geriatric patients (regression of linguistic

ability);
� patients who are intubated and sedated (e.g. in ICU);
� patients who are too sick to respond purposefully.

In many of these situations, pain severity can only be
estimated by observation of patients’ behavioral and
physiological responses to pain or pain relief. Observation
over time is also useful.

Physiological responses to pain are numerous and are
reflected in many bodily systems including respiratory
(tachypnea), cardiovascular (tachycardia, hypertension,
vasoconstriction), gastrointestinal (abdominal rigidity,
guarding), urinary (frequency), neuroendocrine (sweat-
ing, pupillary dilation, hyperglycemia), and of course
nonspecific behavioral (posturing, crying, moaning,
etc.).23 Unfortunately, many of these features are not
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specific to acute pain and clinical assessment needs to
consider a number of factors before conclusions are
drawn. Nonetheless, observation is a key area of clinical
assessment and is used in critical areas such as Emergency
Department triage and PACU to assist with manage-
ment. It is not well codified for clinical use on hospital
wards.

Direct observation

The most common method for determining the beha-
vioral component of a patient’s pain is by direct obser-
vation. One example is the Checklist for Interpersonal
Pain Behavior (CHIP),58 although this is intended for
chronic pain sufferers. This system can be used with
adults and children and focuses on rates of occurrence of
painful episodes and frequency of response to various
activities. Particular attention should be given to the
known affected region.31 Modified versions of the Face,
Legs, Activity, Cry, Consolability (FLACC) scale have
been developed that have criteria and descriptors that are
more appropriate for adult patients (Figure 8.6) (see also
under Pain assessment in pediatrics and Pain assessment
in dementia).59 These provide reliable systems for grading
pain intensity objectively.

Advantages

� Behavioral assessments can be used in patients who
cannot self-report pain verbally or with selected
tools.

� These tools can be applied to adults and children.
� Where subjective tools are inappropriate, systems

exist that enable a ‘‘score’’ to be documented,
enabling change over time in an individual to be
assessed.

Disadvantages

� The relationship between behavioral tools and
pain intensity rating has not been established.
There is, therefore, no clear threshold score to
indicate pain severity, therefore behavioral
assessments may be unreliable indices of severity, but
this does not mean that signs should not be
considered.60

� Pain itself, being a subjective phenomenon, cannot
be observed – it can only be inferred from observed
actions. Thus, because ratings are judgments, rater
(observer) bias may come into play and can be
influenced by many factors including sex, age,
weight, and race. The use of multiple raters may
alleviate this problem, but is often impractical in an
acute clinical setting.31

� Tools such as scoring charts or guides need to be
available for reliable assessments and evaluation over
time.

Behavioral measures of pain in children and adolescents
have recently been systematically reviewed.61

PAIN ASSESSMENT IN PEDIATRICS

It is recognized that pain can be felt at all ages, even in
neonates. It is therefore the responsibility of clinicians to
ensure that appropriate steps are undertaken to prevent
painful stimuli in all children and to respond to signs or
reports of pain appropriately. The assessment of pain in
children has recently been described in an evidence-based
guideline,62 and a systematic review,61 and is also dis-
cussed in more detail in Chapter 27, Acute pain man-
agement in children and Chapter 38, Pain assessment in
children in the Practice and Procedures volume of this
series.

It is important that pain assessment in pediatrics is
appropriate to the age and developmental level of the
child. The opinions of parents and carers should also be
valued. Generalized behavioral responses are character-
istic of younger children and infants, but physiological
changes (heart rate, blood pressure, etc.) may not be as
useful, especially in the neonate. For neonates, composite
behavioral and physiological indexes have been developed
such as the CRIES scale63 for postoperative pain, or
the Neonatal Facial Coding Scale in procedural pain.64

These have both been validated to some extent. In
older infants and children, the FLACC index,65 which
includes a consolability response, is one of a number of
useful scales. The response to analgesia in children who
cannot verbalize also provides a guide to the cause of their
distress.

Self-reporting of pain is useful in children from an
early age, and quantifiable scales are usable from the age
of three to four years and above. These sometimes help in
separating emotional distress from that due to pain.
Although VAS scores can be used by older children,
the pictorial scales such as the FPS52 or Wong–Baker
Faces Scale45 are well described and validated. As noted
above, there are varying opinions regarding the influence
of the character of the faces at the anchor points.
However, both tools facilitate communication of pain
to carers and thus achieve the primary objective of
optimizing pain relief.

There are many scales available for pain assessment in
children.66 In the absence of demonstrated superiority of
any one tool, it is important for a single institution to
adopt a consistent multidimensional approach to pain
measurement and reporting that facilitates communica-
tion amongst carers, while at the same time being flexible
enough to cope with the needs of children over a wide
range of ages and abilities.

PAIN ASSESSMENT IN DEMENTIA

In response to the challenge of finding an effective pain
assessment tool for patients with advanced dementia the
Geriatric Research Education Clinical Centre (GRECC) at
the Bedford Veterans’ Administration Hospital sought to
develop an assessment tool that would be simple, usable,
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reliable, and valid.67 This group developed a pain
assessment tool known as ‘‘PAINAD.’’ It is based on ele-
ments from three other pain assessment tool areas.
Including the 0 to 10 VAS used for pain assessment in
Alzheimer’s disease,68 the FLACC pediatric scale,65 and
the Discomfort Scale for Dementia of the Alzheimer Type
(DS-DAT).69 The DS-DAT, however, has some limitations
including time-consuming observation periods, a
requirement for extensive training, and a cumbersome
scoring schema. Literature describing and defining pain
behaviors was also taken into consideration.

The PAINAD scale consists of five items:

1. breathing independent of vocalization;
2. negative vocalization;
3. facial expression;
4. body language;
5. consolability.

Each of the elements is scored 0 to 2 giving a total score of
0 to10. The PAINAD contributes to other projects in the
field of assessment of pain in dementia and some

Behavioral pain assessment scale

(For patients unable to provide a self-report of pain: scored 0−10 clinical observation)

Face

Restlessness

Muscle tone*

Vocalization**

Consolability

0 1 2

1 2

Face muscles
relaxed

0

1 20

1 20

1 20

Quiet, relaxed
appearance, normal
movement

Normal muscle tone,
relaxed

No abnormal sounds

Content, relaxed

Facial muscle
tension, frown,
grimace

Occasional restless
movement, shifting
position

Increased tone,
fexion of fingers and
toes

Occasional moans,
cries, whimpers or
grunts

Reassured by touch
or talk. Distractible

Frequent to constant
frown, clenched jaw

Frequent restless
movement may
include extremities
or head

Rigid tone

Frequent or
continuous moans,
cries, whimpers or
grunts

Difficult to comfort
by touch or talk

Face score:

Restlessness score:

Muscle tone score:

Vocalization score:

Consolability score:

Behavioral Pain Assessment Scale total (0 to 10)

*Assess muscle tone in patients with spinal cord lesion or injury at a level above the lesion or injury. Assess patients
with hemiplegia on the unaffected side. **This item cannot be measured in patients with artificial airways.

How to use the pain assessment behavioral scale:
•   Observe behaviors and mark appropriate number for each category.

•   Total the numbers in the Pain Assessment Behavioral Score column.

•   Zero = no evidence of pain. Mild pain = 1−3. Moderate pain = 4−5. Severe uncontrolled pain is ≥ 6.

Considerations:

•   Use the standard Pain Scale whenever possible to obtain the patient,s self-report of pain. Self-report is the best

 indicator of the presence and intensity of pain.

•   Use this scale for patients who are unable to provide a self-report of pain.
•   In addition, a “Proxy pain evalution” from family, friends, or clinicians close to the patient may be helpful to

  evaluate pain based on previous knowledge of patient response

•   When in doubt, provide an analgesic. "If there is reason to suspect pain, an analgesic trial can be diagnostic as
    well as therapeutic". (AHCPR Acute Pain Management Guidelines Panel)

/10

Figure 8.6 Behavioral assessment scale. This modified version of the Face, Legs, Activity, Cry, Consolability (FLACC) scale is useful for

adults and children.59
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components, such as the modified FLACC scale, may be
used for adults in other circumstances.

An alternative tool developed for the assessment of
pain in dementia is the Abbey pain scale.70 This was
initially evaluated in 24 residential care facilities in four
Australian states using patients with moderate to
advanced dementia pre- and postanalgesic interventions.
The tool comprises six items (vocalization, facial expres-
sion, change in body language, behavioral change, phy-
siological change, physical change) each graded from 0 to
3 points (0, absent to 3, severe). These are then added to
arrive at a total score ranging from 0 to 18 and graded as:
0–2, no pain; 3–7, mild pain; 8–13, moderate pain; 14 and
above, severe pain. Pain assessment in dementia and more
generally in elderly patients is also covered in Chapter 28,
Acute pain management in the elderly patient.

Advantages

� The Abbey scale has been shown to be valid and
reliable in clinical trials.

� It correlates with analgesic therapy.
� It is claimed to be rapid to administer, taking less

than one minute.
� It enables tracking of measures over time.

Disadvantages

� Wider clinical experience is still lacking, especially in
nondemented patients.

� The scale is 0–18 rather than 0–10, although
validation across scales has not yet been undertaken.

� A scoring aid or chart is required.

SURROGATES

In order to assist behavioral assessment, other resources
may be useful, such as surrogates who may include family
members or carers and asking questions, such as ‘‘Is this
behavior usual for him/her?’’ or ‘‘Could these behaviors
be a signal for pain?’’ Surrogates have been found to be
moderately successful 50 percent of the time in a study of
critically ill sedated patients.71

RESPONSE TO THERAPY

An additional approach in noncommunicative patients,
once other causes are ruled out, is to consider a time-
limited trial of mild analgesic. Once given, careful
observation needs to be undertaken for changes in
behavior and movement consistent with alleviation of
pain.72, 73

Functional assessment

The functional impact of pain on patients must not be
overlooked. As mentioned earlier, analgesia should be

titrated to achieve both decreased pain intensity and the
ability to undertake appropriate functional activity. This
will enable analgesia to optimize 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.

BRIEF PAIN INVENTORY

The BPI74 may be utilized for an overall assessment
necessary for patients with acute pain to determine
functional difficulties which may be related to pain.12, 75

This includes the impact of pain on general activity,
relationships with other people and sleep patterns. The
BPI is an assessment tool for cancer patients developed by
the Pain Research Group of the WHO Collaborating
Centre for Symptom Evaluation and Cancer Care. The
tool measures the intensity of pain in patient’s life and has
been used as an outcome measure in advanced cancer
patients.76 The initial version of the BPI was called the
Wisconsin Brief Pain Questionnaire (WBPQ).77

Advantages

The BPI assessment takes 15 minutes to complete. It is
not intended for use with all patients in pain – one of the
recommendations is that an overall assessment may be
necessary for patients with acute pain that is not easily
controlled with customary pain treatments.

Validity has been assessed by correlating pain ratings
both with pain medication usage and with interference
rating on the quality-of-life indicators. Acceptable corre-
lation coefficients were obtained.78 Data from patients
with cancer at four primary sites and from patients with
rheumatoid arthritis suggest that the BPI is sufficiently
reliable and valid for research purposes.

Where a clinical researcher wishes to measure the
emotional aspects of pain, the Short Pain Inventory (short
version of BPI) has been claimed to be the better
instrument when compared with the MPQ.57

As well as measuring the current impact of pain, the
BPI has a quality improvement aspect. It measures satis-
faction with caregiver responsiveness to pain, as well as
satisfaction with the intervention used.79

Disadvantages

Twycross et al.76 concluded after a study of 111 patients
with advanced cancer that the BPI is not brief enough for
routine clinical use, and the short form of the BPI (BPI-
SF) is too limited.

The BPI takes less time to administer than tools such
as the MPQ, but in both cases the respondent must be
alert. A useful aspect of these tools for acute pain
assessment in a clinical setting are the multilanguage
descriptors, especially of the BPI. It also reinforces the
concept that it is the functional impact of the pain, as well
as its perceived intensity that is important to assess.
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FUNCTIONAL ACTIVITY SCALE

A recently introduced tool for the assessment of the
functional impact of acute pain was developed as part of a
government-sponsored initiative in Australia.80 The
functional activity scale (FAS) score is a simple three-level
ranked categorical score designed to be applied at the
point of care. Its fundamental purpose is to assess whe-
ther 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. This is dif-
ferent, but related to, pain intensity scoring with move-
ment. It comprises both objective and subjective
components in that the clinician asks the patient if they
are able to perform the activity and if possible gains the
pain intensity score at the time. The patient is then asked
to perform the activity, or is taken through the activity in
the case of structured physiotherapy (joint mobilization)
or nurse-assisted care (e.g. ambulation, turned in bed).
The ability to complete the activity is then assessed using
the FAS as follows:

A. No limitation: The patient is able to undertake
the activity without limitation due to pain (pain
intensity score typically 0–3).

B. Mild limitation: The patient is largely able to
undertake the activity, but experiences moderate
to severe pain (pain intensity score typically
4–10).

C. Significant limitation: The patient is unable to
complete the activity due to pain (or pain
treatment related side effects) (independent of
pain intensity scores).

A FAS score of A represents optimal pain control. A FAS
score of B represents an adequate functional outcome, but
further pain relief is required for comfort. A FAS score of
C represents inadequate pain control or unacceptable
complications of pain control (motor block from neur-
axial analgesia, nausea, or sedation from opioids, etc.).
The score of A needs to be determined relative to the
patient’s preacute baseline function (which may already
have limitations, e.g. due to severe arthritis).

Advantages

� It is simple to use.
� It incorporates an evaluation of what patients can do,

in addition to what they feel.
� It may be applied to the evaluation of any acute pain

condition.
� Change over time can be assessed.
� It provides a trigger for advanced intervention.

Disadvantages

� Education is required to enable consistent use.
� It has not yet been validated in large clinical trials

(although there exists no gold standard for
reference).

� Care must be used in determining the acceptable
baseline level of functional ability.

� Residual sedation or spinal motor blockade in the
immediate postsurgical period should not be graded
as no active intervention is required at this time
because the expectation is for progressive resolution.

� It is not a linear scale, therefore it must be reported
using proportions in each grade or nonparametric
techniques.

Overall, it is well recognized that functional capacity must
be optimized if recovery is to be facilitated in patients
with acute pain. The combination of careful patient
questioning with the use of selected tools to measure pain
intensity and functional capacity will help achieve these
outcomes provided that there are appropriate guidelines
for intervention should pain relief be demonstrated to be
inadequate.

OUTCOMES AND RESEARCH

Research

The assessment of pain and pain relief is often the focus of
clinical research projects. In these circumstances, a base-
line pain rating is usually followed by repeated assess-
ments at specified time points over a period of time. The
tools that are used need to be appropriate to the outcome
being measured. The many important issues of research
trial design, implementation, and analysis are beyond the
scope of this chapter; however, a few characteristics
relating to pain assessment will be discussed.

Pain measurement tools need to be well validated (i.e.
they measure what you think you are measuring), reliable
(they will produce similar results on retesting or with
other assessors), and are graded or ranked (providing a
hierarchy of responses). The tool employed should be
appropriate to the patient population and the outcomes
clinically relevant, e.g. reductions in VAS scores by 30 to
35 percent have been considered meaningful in a clinical
sense in a number of studies.81 A change of this magni-
tude is also necessary because the random variation in
scores needs to be allowed for. In the immediate post-
operative period, the variation of VAS scores was � 20
percent, indicating that in an individual a change greater
than this would be needed to imply improvement (or
deterioration), although from a study population point of
view, a smaller change could still achieve statistical sig-
nificance and may usefully be described as providing an
indication of direction of change.

In order to make overall comparisons of analgesic
interventions as a change from baseline, the individual
pain intensity difference (PID) scores may be summed
(summed pain intensity difference, SPID) or if pain relief
is being assessed (PAR) the area under the curve of pain
relief scores over time may be calculated (TOTPAR).25
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Further outcome scores include the combined pain relief
and intensity difference (PRID) and the sum (SPRID).
The time epoch used varies depending on the interven-
tion and protocol, but is typically from 6 to 24 hours
(hence SPID-6, etc.). These scores can be expressed as
absolute values or compared to the maximum possible
scores because the scales used have floor and ceiling
values.

A common criticism of integrating pain scores over
time is that the analysis will be flawed if the scoring
system is not proportionate over the scale (e.g. linear).
Some studies have established that VAS scores are suitable
for such analyses because they are linearly related to
verbal descriptor rankings and pain relief criteria.35

Overall, nonparametric statistical analysis is more
appropriate for categorical scales (e.g. VDSs) and pro-
vides a more robust assessment.

Another difficulty with integration of scores over time
is that information regarding peaks, troughs, and dura-
tion of effect is lost. In some circumstances, it may be
more useful to describe how many patients reported pain
scores over certain intensity, or how many achieved over a
50 percent reduction in intensity or for how long. When
analgesics are administered before or during anesthesia, a
useful criterion is the time to the first/next analgesic
request (TFA), which can be analyzed using parametric
statistics.

A frequent tool for ‘measuring’ the analgesic efficacy of
an intervention is to assess the change in dose require-
ments of another analgesic used as a ‘‘rescue’’ medication.
Ideally, with appropriate rescue analgesia, pain scores for
patients in all study groups should be similar, which is
appealing from an ethical point of view. Patient controlled
analgesia (PCA) is commonly used in this way, although by
the nature of its design patients must experience some
degree of pain to trigger a request for analgesia. The
reduction in opioid requirements over time epochs may
then be calculated and compared with simple parametric
statistical analysis. Caution should be used with inter-
pretation of such results, however, as a small reduction in
opioid requirements may not be clinically relevant even
though it was statistically significant. An alternative
approach is to determine the proportion of patients who
required no supplemental opioid during the study period.

Meta-analysis

As a consequence of the issues of variability in inter- and
intraindividual pain measurements noted above, clinical
trials assessing analgesic outcomes need to enroll large
numbers of subjects to ensure that they are sufficiently
powered to avoid the error of a false-negative conclusion,
i.e. failing to find a difference when one truly existed.
Alternatively, if a treatment effect is large (i.e. benefiting a
large proportion of subjects or making a large change in
pain scores in individuals) then the trial population size

may not need to be so great. Unfortunately, most inter-
ventions do not have a large effect in comparison with a
control group and therefore many published investiga-
tions are too small to draw reliable conclusions.

Meta-analysis is a statistical tool that combines the
results of a number of smaller studies into one single
assessment. This is particularly useful in clinical pain
investigations for the reasons outlined above. For a meta-
analysis to be meaningful, it has to have a rigorous design
and the trials to be included must be selected carefully.82

There must be a clearly stated research question, an
unbiased and detailed literature review and an appro-
priate analytic methodology (e.g. random effects versus
fixed effects models). The trials selected must be of similar
design, meet clear criteria, be of high quality, and have
definable end points or outcomes. Failings in these areas
can make a meta-analysis come to biased or flawed con-
clusions. When used appropriately, however, meta-ana-
lysis is a powerful tool and provides valuable information.

The results of meta-analysis may be expressed in a
number of ways. Often, the treatment effect of individual
trials is expressed as an odds ratio with its 95 percent
confidence interval (CI). For a given trial, if the 95 per-
cent CI crosses unity, then the outcome is not statistically
significant. When multiple trial outcomes are appro-
priately combined, the resultant odds ratio and 95 percent
CI is more powerful and is used to express the outcome in
terms of significance (crossing unity) and treatment effect
or relative risk. Another technique is to describe the
numbers needed to treat (NNT). This is based on the
reciprocal of the absolute risk reduction and provides an
indication of the effectiveness of an intervention if a
successful analgesic outcome can be clearly defined and
measured as a dichotomous variable for an individual
(e.g. at least 50 percent pain relief).25 The NNT describes
the number of patients needed to be given the treatment
for one to have a successful outcome.

Systematic reviews are similar to meta-analyses in terms
of the quality of literature reviewed and the level of critical
evaluation. Statistical analyses are also applied. The
Cochrane Collaboration provides a high-quality source of
ongoing systematic reviews in a wide range of clinical
areas, including pain medicine (www.cochrane.org).

Satisfaction scoring

Satisfaction scores should be used with caution and only
as a supplement to other pain outcome measures. In a
study of 391 day-surgery patients, change in pain inten-
sity scores were compared with treatment evaluations for
perceived effectiveness and found that these correlated
poorly.83 In the ‘‘worst pain’’ group, 42 percent of patients
rated their treatment as effective! This was despite the use
of an assessor who was identified as being independent of
the treatment team to avoid the potential for bias in
patient reporting.
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Satisfaction may be measured using ranked categorical
scales (completely dissatisfied to completely satisfied) or a
VAS with similar anchor words. Unlike pain-intensity
scoring, there is no evidence that such scales are linear
and so they should be described and analyzed using
nonparametric statistics.84

Satisfaction scores are most frequently used in the
context of a retrospective appraisal, e.g. ‘‘How satisfied
were you with the quality of your pain management over
the last day/hospital stay, etc.?’’ The reliance on recall,
compounded with whatever the current state of the
patient’s satisfaction is, adds to the imprecision of the
measurement.

The rating an individual gives regarding their level of
satisfaction with pain management may relate to a
number of factors and thus further add to creating an
inaccurate representation of the quality of pain manage-
ment. Emotional state, interpersonal relationships
(including those with the clinical carers), ‘‘signature’’
events (e.g. a bad diagnosis, surgical complications, size of
the hospital account), and the passage of time may all
contribute to how ‘‘satisfaction’’ is scored. Patients may
rate satisfaction highly even in the presence of moderate
to severe pain.84, 85 The evaluation of patient satisfaction
is also discussed in Chapter 15, Psychological therapies –
adults, and specifically in relation to PCA in Chapter 11,
Patient-controlled analgesia.

Side effects of treatment and adverse
outcomes

Provision of safe and effective acute pain management
involves regular evaluation of the patient in order to
detect and limit any side effects or complications. These
assessments should be documented. All patients receiving
parenteral opioids, by any route, should have frequent
assessment for sedation as this almost always precedes
respiratory depression.2 The greatest weakness of sedation
scoring is for patients who are assumed to be asleep and
who are therefore not disturbed by clinical staff. At these
times, patients should be noted to rouse slightly when
clinical observations are made, e.g. pulse or blood pres-
sure, and if they do not do so then the stimulus should be
increased until they respond.

Patients receiving neuraxial infusions (i.e. epidural or
subarachnoid) need regular assessment of motor and
sensory block. Any unexpected increase in motor block
needs to be investigated because delay in decompression
of epidural hematoma or abscess leads to poor recovery of
function.

OVERVIEW

A thorough assessment of the patient with acute pain is
important because it will improve understanding of the

patient’s problems and guide therapy. Acute pain assess-
ment needs more than just a unidimensional pain
intensity rating. The character, location, and history of
the pain are important to determine, as well as con-
tributing factors, including patient anxiety and distress.
The functional limitations imposed by the patient’s pain
should also be assessed.

The particular tool used to assess acute pain intensity
is less important than the process of regular assessment
and review. Nonetheless, tools used should enable con-
sistent recording of a pain score over time in order to
facilitate response to treatment and progress of the con-
dition. Ideally, patients should be educated in pain
reporting and select a tool that is reflective of their needs.
Consistency of tools used within an institution will aid
communication and thus improve treatment.

Underlying all assessment of pain is a need to ensure
that observations for safety are also performed. In parti-
cular, inappropriate changes in sedation level need to be
managed before respiratory depression occurs, and neu-
rological changes in the presence of neuraxial analgesia
need to be acted on promptly. By combining frequent
evaluation of acute pain with appropriate responses and
monitoring, safe and effective pain management can be
provided.
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KEY LEARNING POINTS

� What is preemptive analgesia? The classic definition of

preemptive analgesia requires two groups of patients to

receive identical treatment before or after incision or

surgery. The only difference between the two groups is

the timing of administration of the pharmacological

agent relative to incision. The constraint to include a

postincision or postsurgical treatment group is

methodologically appealing, because in the presence of

a positive result, it provides a window of time within

which the observed effect occurred, and thus points to

possible mechanisms underlying the effect: the classic

view assumes that the intraoperative nociceptive

barrage contributes to a greater extent to postoperative

pain than does the postoperative nociceptive barrage.

However, this view is too restrictive and narrow in part

because we know that sensitization is induced by

factors other than the peripheral nociceptive barrage

associated with incision and subsequent noxious

intraoperative events.
� What is preventive analgesia? A broader approach to

the prevention of postoperative pain has evolved that

aims to minimize the deleterious immediate and long-

term effects of noxious perioperative afferent input. The

focus of preventive analgesia is not on the relative

timing of analgesic or anesthetic interventions, but on

attenuating the impact of the peripheral nociceptive

barrage associated with noxious preoperative,

intraoperative, and/or postoperative events/stimuli.

These stimuli induce peripheral and central sensitization

which increase postoperative pain intensity and

analgesic requirements. Preventing sensitization will

reduce pain and analgesic requirements. Preventive

analgesia is demonstrated when postoperative pain and/

or analgesic use are reduced beyond the clinical

duration of action of the target agent which we have

defined as 5.5 half-lives of the target agent. This

requirement ensures that the observed effects are not

analgesic effects.
� What does the recent preemptive analgesia literature

tell us? The results of the present literature review

indicate that the proportion of significant preemptive

effects (0.63) is not significantly different from the

proportion of negative preemptive effects (0.37) across

the different classes of drugs studied (p= 0.36). This is
understandable when one considers that both

preincisional and postincisional (or postsurgical) noxious

inputs contribute to postoperative sensitization, pain,

and analgesic consumption. The most likely conclusion,



therefore, is that for a certain proportion of studies of

preemptive analgesia, the postincision or postsurgical

administration condition is as beneficial in reducing

central sensitization as is the preoperative condition,

but these benefits go undetected when the comparison

is made between the two groups. The lack of a control

group in studies of preemptive analgesia is a serious

limitation that confounds interpretation of the results

and has contributed to the premature and erroneous

conclusion that there is no clinical benefit to

preoperative nociceptive blockade.
� What does the recent preventive analgesia literature

tell us? In contrast to the results for preemptive

analgesia, the proportion of significant preventive

effects (0.72) is significantly greater than the proportion

of negative effects (0.28) across the different classes of

drugs studied (p= 0.03). Overall, administration of these

agents appears to reduce pain, analgesic consumption,

or both at a point in time that exceeds 5.5 half-lives of

the target agent. Since these extended effects are

observed after the clinical actions of the agents have

worn off, they are not analgesic effects. Rather, these

effects appear to be due to the reduction in

perioperative peripheral and central sensitization

associated with preventive analgesia. The benefits of

preventive analgesia are clinically relevant and include

reduced pain and/or analgesic consumption that extend

beyond the duration of action of the target drug.
� What other important factors do we need to measure

perioperatively? Measures of postoperative pain and

analgesic use are important, but given the prominent

role played by psychosocial factors in the experience of

preoperative, acute postoperative, and chronic

postsurgical pain, relevant psychological, emotional, and

physical variables should be routinely assessed before

and after surgery. Assessment of these additional

domains of functioning may help to shed light on the

predictors of severe acute postoperative pain, the

processes involved in recovery from surgery, and the risk

factors for developing chronic postsurgical pain.

BACKGROUND LITERATURE

Acute postoperative pain management has been domi-
nated by an outdated concept of pain. Pain is viewed as
the end product of a passive system that faithfully trans-
mits a peripheral ‘‘pain’’ signal from receptor to a ‘‘pain
centre’’ in the brain.1 This view has resulted in a strategy
for managing postoperative pain that is inadequate, in
part, because it treats the patient only after the pain is well
established. Patients arrive in the post-anesthetic care unit
after surgery, often in extreme pain, where they then
receive multiple doses of opioids in an effort to bring the
pain down to a tolerable level. However, basic science and
clinical data show that brief, noxious inputs or frank
injury due to C-fiber activation (e.g. cutting tissue, nerve,
and bone) induce long-lasting changes in central neural
function that persist well after the offending stimulus has
been removed or the injury has healed.2, 3 This view of
pain, involving a dynamic interplay between peripheral
and central mechanisms, is inconsistent with the outdated
notion that pain results from transmission of impulses
along a straight-through pathway from the site of injury
to the brain.1

The practice of treating pain only after it has become
well entrenched is slowly being supplanted by a preventive
approach that aims to block transmission of the primary
afferent injury barrage before, during, and after surgery.4, 5,
6, 7 The idea behind this approach is not simply that it
reduces nociception and stress during surgery – although
these are obviously worthwhile goals. The hypothesis is that
the transmission of noxious afferent input from the per-
iphery (e.g. arising from preoperative pain, incision,

noxious intraoperative events, postoperative inflammation,
and ectopia) to the spinal cord induces a prolonged state of
central neural sensitization or hyperexcitability that ampli-
fies subsequent input from the wound and leads to
heightened postoperative pain and a greater requirement
for postoperative analgesics. By interrupting the transmis-
sion of the peripheral nociceptive barrage to the spinal cord
at various points in time throughout the perioperative
period, a preventive approach aims to block the induction
of central sensitization, resulting in reduced pain intensity
and lower analgesic requirements. The goal of this chapter
is to critically review the recent literature on preemptive
and preventive analgesia. The first section provides a
description of the perioperative targets of a preventive
analgesic approach. This is followed by a brief review of the
factors that have been shown to predict the development of
acute and chronic postsurgical pain. Next, the history and
recent progress in preemptive analgesia are presented with
emphasis on the confusion and lack of clarity that char-
acterizes the field. Under Controversy and confusion about
preemptive analgesia, we attempt to clear up the confusion
by highlighting clinical trial designs and examples from the
literature that distinguish preventive analgesia from pre-
emptive analgesia. This is followed by a quantitative review
of the preemptive and preventive analgesia literatures (see
below under Preventive analgesia), organized according to
class of drug administered. Outcomes are described in
terms of the presence or absence or a preemptive or pre-
ventive effect and a detailed tabular summary is presented
of all studies that met our criteria for inclusion in the
review. The chapter concludes with recommendations for
future research.
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TARGETS OF A PREVENTIVE APPROACH TO
ACUTE PAIN MANAGEMENT

The perioperative period can be divided into three distinct
phases: preoperative, intraoperative, and postoperative
(Figure 9.1). Specific factors within these phases con-
tribute to the development of acute postoperative pain.
These factors include: (1) preoperative noxious inputs and
pain; (2) C-fiber injury barrage arising from the cutting of
skin, muscle, nerve and bone, wound retraction, etc.; and
(3) postoperative peripheral nociceptive activity, including
that arising from the inflammatory response and ectopic
neural activity in the case of postsurgical nerve injury. Each
of these factors can contribute to peripheral and central
sensitization and each is a legitimate target for a preventive
approach. The relative contribution of these three factors
to acute postoperative pain is dependent on the surgical
procedure, extent and nature of tissue damage, duration of
surgery, timing of treatments relative to incision, phar-
macokinetics of the agent(s) used preoperatively, presence
or absence of additional analgesia intraoperatively, nature
of postoperative analgesia, and a host of other variables.
Minimizing the negative impact of as many of these factors
as possible in the three phases will increase the likelihood
of preventing the induction and maintenance of peripheral
and central sensitization. Preventing sensitization will
reduce pain and analgesic requirements.

Figure 9.1 depicts the eight possible treatment com-
binations of administering or not administering analge-
sics across the three perioperative phases (preoperative,
intraoperative, and postoperative). The preoperative
period encompasses interventions that begin days before
surgery and up to those administered just minutes before
skin incision. The intraoperative period includes inter-
ventions started immediately after incision to those
initiated just prior to the end of surgery (i.e. skin closure).
The postoperative period includes interventions started
immediately after the end of surgery and may extend for
days or weeks thereafter. Within each phase there is
potential for extensive variability in the timing of
administration of analgesic agents. While this potential is
greatest in the pre- and postoperative phases (e.g. ranging
from minutes to days or weeks) even within the intrao-
perative period, evidence shows that there are consider-
able interstudy differences in timing of the postincisional
intervention (e.g. ranging from minutes to hours).

PREDICTORS OF ACUTE AND CHRONIC
POSTSURGICAL PAIN

The ability to predict who will develop severe acute
postoperative pain and who will go on to develop chronic
postsurgical pain is at the heart of efforts to understand
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concerning the effects of blocking noxious

perioperative inputs on postoperative pain and

analgesic consumption.
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the role played by the various factors within the three
perioperative phases depicted in Figure 9.1. One of the
most robust findings to emerge from the postoperative
pain and anesthesia literatures is that current pain pre-
dicts future pain.8, 9, 10, 11 This appears to be true across
surgery types and regardless of time frame. Preoperative
pain intensity or pain duration is a risk factor for devel-
opment of severe early acute postoperative pain,12 acute
pain days,13, 14, 15, 16, 17 and weeks18 after surgery, as well
as long-term postsurgical pain.14, 15, 18, 19, 20, 21, 22 Pre-
operative pain ratings in response to the cold pressor
task,23 suprathreshold heat pain stimuli,24 and a first-
degree burn injury25 also predict acute postoperative pain
intensity days after surgery. Severity of acute post-
operative pain not only predicts pain after discharge,18, 26

but it is also a risk factor for development of chronic
postsurgical pain.27, 28, 29, 30, 31, 32

No other factor is as consistently related to the devel-
opment of future pain problems as is current pain. Younger
age,12, 18 female gender,12, 18 anxiety,12, 19 and various other
psychological variables8, 33, 34, 35, 36 predict postoperative
pain in some studies, but not with the consistency or
magnitude with which pain predicts pain. What must be
determined is the aspect(s) of pain that is predictive. Is it
something about the pain per se (e.g. intensity, quality,
duration) or the individuals who report the pain (e.g.
response bias, psychological vulnerability, genetic predis-
position)? Will reducing surgery-induced sensitization alter
the course of acute pain and lead to a decreased incidence
of long-term pain problems? What factors are responsible
for the transition of acute postoperative pain to chronic,
intractable, pathological pain? We do not have answers to
these important questions but one of the factors that has
been linked to increased pain and analgesic consumption
in the short and long term is the perioperative peripheral
nociceptive injury barrage associated with surgery. The
remainder of this chapter will focus on an evidence-based
presentation of the literature that examines the efficacy of
preemptive and preventive interventions aimed at reducing
surgically induced sensitization.

HISTORY AND RECENT PROGRESS IN
PREEMPTIVE ANALGESIA

The idea that acute postoperative pain might be intensi-
fied by a state of central neural hyperexcitability induced
during surgery was first proposed by Crile (see Katz37)
and later by Wall38 who suggested that ‘‘preemptive pre-
operative analgesia’’ would block the induction of central
neural sensitization brought about by incision and thus
reduce acute postoperative pain intensity. Since its
introduction into the pain and anesthesia literatures, this
concept has been refined, based in part on confirmatory
and contradictory evidence from clinical studies, new
developments in basic science, and critical thought.
The suggestion that surgical incision triggered central

sensitization38 has been expanded to include the sensi-
tizing effects of preoperative noxious inputs and pain,
other noxious intraoperative stimuli, as well as post-
operative peripheral and central inflammatory mediators
and ectopic neural activity.

It is now well documented that while general anes-
thesia may attenuate transmission of afferent injury bar-
rage from the periphery to the spinal cord and brain, it
does not block it.39 Moreover, systemic opioids may not
provide a sufficiently dense blockade of spinal nociceptive
neurons to prevent central sensitization.40 The clinical
significance of these findings for patients who receive
general anesthesia during surgery is that although they are
unconscious, the processes leading to sensitization of
dorsal horn neurons are largely unaffected by general
anesthesia or routine doses of opioids. This sets the stage
for heightened postoperative pain and an increased
requirement for analgesics.

CONTROVERSY AND CONFUSION ABOUT
PREEMPTIVE ANALGESIA

Debate over the appropriate definition of preemptive
analgesia5, 6, 41, 42, 43, 44, 45, 46, 47 has spawned a variety of
different terms, including anoci-association,48 preemptive
preoperative analgesia,38 preemptive analgesia,49 pre-
ventive analgesia,4, 6 balanced periemptive analgesia,50

broad versus narrow preemptive analgesia,51 and protec-
tive analgesia.52 Substantial confusion has developed over
the benefits and meaning of preemptive analgesia.

Two general approaches have dominated the litera-
ture.53 The classic view of preemptive analgesia49 requires
two groups of patients to receive identical treatment
before or after incision or surgery (treatment combina-
tion 2 versus 3 and 2 versus 4 in Figure 9.1). Accordingly,
the only difference between the two groups is the timing
of administration of the pharmacological agent relative to
incision with one group receiving the target agent before
surgery, and the other, after incision or surgery (see
Figures 9.2 and 9.3 depicting studies by Katz et al.54 and
Dierking et al.55 who used these designs, respectively).
The constraint to include a postincision or postsurgical
treatment group is methodologically appealing because in
the presence of a positive result, it provides a window of
time within which the observed effect occurred and thus
points to possible mechanisms underlying the effect.
However, this view of preemptive analgesia is too
restrictive and narrow5, 6, 56 in part because we do not
know the relative extent to which pre-, intra-, and post-
operative peripheral nociceptive inputs contribute to
central sensitization and postoperative pain.

The narrow conceptualization of preemptive analgesia
in conjunction with the classic pre- versus postsurgery
design assumes that the intraoperative nociceptive barrage
contributes to a greater extent to postoperative pain than
does the postoperative nociceptive barrage. However, the
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design does not allow for other equally plausible alter-
natives. For certain surgical procedures, central sensitiza-
tion may be induced to an equal extent by incision
and intraoperative trauma on the one hand (i.e. in the
postsurgical treatment group) and postoperative inflam-
matory inputs and/or ectopia on the other (i.e. in the
preoperative treatment group) which would lead to non-
significant intergroup differences in pain and analgesic
consumption.57, 58

Two-group studies that fail to find significant differ-
ences in postoperative pain or analgesic consumption

between groups treated before or after incision or surgery
are inherently flawed because of the absence of an
appropriate control group (e.g. treatment combination 1
or 8, or both in Figure 9.1). The negative results may
point to the relative efficacy in reducing central sensiti-
zation of postincisional or postsurgical blockade and not
the inefficacy of preoperative blockade (for examples, see
Figures 9.4 and 9.5 depicting studies Katz et al.57, 58 and
Gordon et al.59). Recent studies57, 58 have highlighted the
critical importance of a standard treatment control group.
Inclusion of such as group has made it possible to
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Figure 9.3 Experimental design and expected postoperative outcome for studies of preemptive analgesia in which a preincision

intervention is compared with the very same intervention initiated after surgery (treatment combination 2 versus 4 in Figure 9.1).
According to the classic view of preemptive analgesia, the expected outcome is based on the assumption that the intraoperative

nociceptive barrage contributes to a greater extent to postoperative pain and analgesic use than do postoperative noxious inputs. This

design was used in the study by Dierking et al.55 who compared a lidocaine inguinal field block administered 15 minutes before hernia

repair with the same treatment administered immediately after surgery. Significant differences in pain or analgesic use were not found

between the pre- and postsurgical treatment groups raising the possibility that a preventive effect went undetected due to lack of a

control group (see Figures 9.4 and 9.5).
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Figure 9.2 Experimental design and expected postoperative outcome for studies of preemptive analgesia in which a preincisional

intervention is compared with the very same intervention initiated after incision, but before the end of surgery (treatment combination

2 versus 3 in Figure 9.1). This design was used in the study by Katz et al.54[II] in which the two groups of patients undergoing lateral

thoracotomy received epidural fentanyl or saline before, and epidural saline or fentanyl 15 minutes after, incision, respectively. Pain

ratings in the group that received preincisional epidural fentanyl were significantly lower six hours after surgery and morphine

consumption was significantly lower between 12 and 24 hours after surgery.
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demonstrate reductions in acute postoperative pain and
morphine consumption,58 as well as pain disability three
weeks after surgery57 that would otherwise have gone
undetected using the classic, two-group design.

The near exclusive focus in the literature on the narrow
view of preemptive analgesia has had the unintended
effect of diverting attention away from other clinically
significant findings because they do not conform to what
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Figure 9.4 Experimental design (treatment combination 1 versus 2 versus 3 in Figure 9.1) used by Katz et al.57, 58[II] to address the

design flaw inherent in two-group studies of preemptive analgesia (Figure 9.2). In females undergoing abdominal gynecological surgery

by laparotomy, preincisional (G1) but not postincisional (G2) administration of epidural lidocaine and fentanyl was associated with a

significantly lower rate of morphine use, lower cumulative morphine consumption, and reduced hyperalgesia compared with a sham

epidural condition (G3).58[II] Three-week follow up showed that pain disability ratings were significantly lower in the two groups that

received the epidural when compared with the standard treatment group.57[II] Results highlight the importance of including a standard

treatment control group to avoid the problems of interpretation that arise when two-group studies of preemptive analgesia (pre- versus

postincision) fail to find the anticipated effects.
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Figure 9.5 Experimental design used by Gordon et al.59[II] to assess the relative effects on late postoperative pain of blocking, or not

blocking, noxious intraoperative and/or postoperative inputs (treatment combination 1 versus 2 versus 4 versus 6 in Figure 9.1). Patients
were randomly assigned in a double-blinded manner to receive a local anesthetic (lidocaine or bupivacaine) or saline before and/or at the

end of third molar extraction surgery. Preventive analgesia is demonstrated by the finding that 48 hours after surgery, pain intensity was

significantly less in the groups whose postoperative pain was blocked by bupivacaine (G2, G4) compared with preoperative administration

of lidocaine (G1) or the saline control group (G3). The results suggest that for third molar extraction surgery, the peripheral nociceptive

barrage in the hours following surgery contributes to a greater extent to central sensitization and late postoperative pain than does the

intraoperative nociceptive barrage since local anesthetic blockade after surgery was more efficacious than preoperative blockade.
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has become the accepted definition of preemptive
analgesia.4 For example, certain studies60, 61 evaluate the
effects of altering the timing of administration of various
analgesic agents in a manner similar to that described
above for the classic two-group preemptive analgesia
design, except that the intent is not to compare pre-
versus postincisional or postsurgical treatments. Rather,
as illustrated in Figure 9.6, both groups may receive the
target intervention preoperatively, differing only in how
long before surgery the treatment is given.61 Such a study
evaluates the effect on postoperative pain and analgesic
consumption of blocking versus not blocking pre-
operative pain in the context of intraoperative and post-
operative epidural blockade and demonstrates that relief
of preoperative pain is associated with reduced analgesic
use 48 hours after surgery.61 Finally, other reports59 have
demonstrated that for certain types of surgery, blocking
the peripheral nociceptive barrage in the hours after
surgery decreases pain at later time periods, whereas
blocking the intraoperative nociceptive barrage does not
(Figure 9.5). Taken together, these shortcomings of the
classic view of preemptive analgesia, and its associated
design, indicate that an expanded conceptualization and
explication of the rationale for, and effects of, blockade
across the three perioperative phases is required to move
us beyond the current state of confusion that pervades the
field of preemptive analgesia.

PREVENTIVE ANALGESIA

A more encompassing approach, termed preventive
analgesia,4, 6 has evolved with the aim of minimizing
sensitization induced by noxious perioperative stimuli
including those arising preoperatively, intraoperatively,

and postoperatively. A preventive analgesic effect is
demonstrated when postoperative pain and/or analgesic
consumption is reduced relative to another treatment,
and/or a placebo treatment or no treatment as long as the
effect is observed at a point in time that exceeds the
clinical duration of action of the target agent (e.g. treat-
ment combination 1 versus 2, 1 versus 5, or 1 versus 8 in
Figure 9.1). The requirement that the reduced pain and/or
analgesic consumption be observed after the duration of
action of the target agent ensures that the preventive effect
is not simply an analgesic effect. As we have previously
pointed out,4, 5, 56[I] such a design does not provide
information about the factors underlying the effect or the
time frame within which the effect occurred due the
absence of a post-treatment condition (see Figures 9.7
and 9.8 for illustrations of studies by Tverskoy et al.62[II]
and Reuben et al.,63[II] respectively, who used these
designs).

Demonstration of a preventive effect does not require
that an intervention be initiated before surgery; the tim-
ing of treatment may be during the procedure (e.g.
treatment combination 1 versus 3 in Figure 9.1) or even
after surgery (e.g. treatment combination 1 versus 4 in
Figure 9.1). For example, a preventive effect is present if
postoperative administration of a target analgesic agent,
but not a placebo, results in reduced postoperative pain or
analgesic consumption after the effects of the target agent
have worn off (for a case in point see Figure 9.9 depicting
the study by Reuben et al.64[II]). In fact, any two or more
treatment combinations in Figure 9.1 can produce pre-
ventive effects. The focus of preventive analgesia is not on
the relative timing of analgesic or anesthetic interventions,
but on attenuating the impact of noxious perioperative
stimuli that induce peripheral and central sensitization
and that increase postoperative pain intensity and
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Figure 9.6 Two-group experimental design used by Klasen et al.61[II] comparing the administration of an active agent at different

times before surgery in order to examine the effect on postoperative pain and analgesic consumption of blocking versus not blocking

preoperative pain in the context of intraoperative and postoperative epidural blockade (treatment combination 8 versus 8 in Figure 9.1).
This study61[II] demonstrates that relief of preoperative pain by epidural ropivacaine for at least 12 hours before surgery followed by

intraoperative epidural ropivacaine (G1) is associated with reduced patient-controlled epidural analgesia (PCEA) ropivacaine consumption

48 hours after surgery compared with preoperative epidural saline and intraoperative epidural ropivacaine (G2).
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analgesic requirements. A preventive analgesic effect
involves demonstrating reduced pain and/or analgesic use
beyond the clinical duration of action of the target agent.

RATIONALE FOR PRESENT REVIEW

Recent evidence-based reviews of randomized, double-
blind studies reported in the literature on preemptive4, 47,
52, 65, 66[I] and preventive4, 47, 67[I] analgesia suggest that
there are clinically significant benefits associated with

both approaches to postoperative pain prevention,
although the positive evidence is more abundant for the
latter than the former. The more equivocal results for
preemptive analgesia likely reflect the fact that intra-
operative and postoperative noxious inputs contribute to
central sensitization, thus diminishing the magnitude of
the effect when pre- and posttreated groups are com-
pared. The aim of the present review is to critically
evaluate the recent literature on preemptive and pre-
ventive analgesia and to compare and contrast the results
from both approaches.
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Figure 9.7 Experimental design comparing two different preoperative interventions with a no treatment control condition (treatment

combination 1 versus 2 versus 2 in Figure 9.1). This design was used by Tverskoy et al.62[II] in the very first prospective study of

preventive analgesia. Patients undergoing inguinal herniorraphy were randomly assigned to receive one of three types of anesthesia:

general plus preoperative local anesthetic infiltration (G1), spinal (G2), or general (G3). While anesthesia (infiltration or spinal)

significantly decreased movement-associated pain intensity at 24 hours after surgery compared with the control group, the infiltration

group reported the least pain overall. This pattern of pain scores was still apparent ten days after surgery in response to mechanical

pressure applied to the wound.
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Figure 9.8 Experimental design comparing a preoperative plus postsurgical intervention with a placebo control condition (treatment

combination 1 versus 8 in Figure 9.1). Preventive analgesia is demonstrated if the preoperative plus postsurgical intervention condition

shows less pain and/or analgesic consumption than the placebo control group beyond the clinical duration of action of the target

analgesic. This design was used by Reuben et al.63[II] who randomly assigned females to receive venlafaxine (75mg daily) or placebo

(daily) for a two-week period beginning the night before radical mastectomy. Six-month follow up showed that the incidence of chest

wall pain, arm pain, and axilla pain was significantly lower in the venlafaxine group than the placebo group.
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SEARCH STRATEGIES AND CRITERIA FOR
INCLUDING STUDIES

A PubMed database search was conducted from January
2001 to September 2006. Search strategies were limited to
English language and studies using human subjects. Each
of the following key words was searched: pre-emptive
analgesia, preemptive analgesia, preempts, pre-operative,
preoperative, postoperative, pre-incision, preincision,
post-incision, postincision. A second search was con-
ducted using the same time period and the same limits.
The terms searched were as follows: (gabapentin or
NSAIDs or (NSAIDs and preoperative) or (NSAIDs and
postoperative) or NMDA or (NMDA and preoperative) or
(NMDA and postoperative) or opioids or (opioid and
preemptive) or (opioid and preoperative) or (opioid and
postoperative) or local anesthetics or (local anesthetics
and preemptive) or (local anesthetics and preoperative)
or (local anesthetics and postoperative)).

The above search strategies yielded 333 publications
which were retrieved and reviewed by both authors. All
clinical trials were evaluated according to the following
inclusion criteria for entry into the present review: (1)
randomized; (2) double-blind assessments of pain and
analgesic use; (3) report of pain using a reliable and valid
measure; (4) report of analgesic consumption; (5) absence
of design flaws, methodological problems, or confounds
that render interpretation of the results ambiguous. Trials
that fit the above definition of preventive analgesia were

considered not relevant and were not considered further if
they did not report measures of postoperative pain and
analgesic consumption at a point in time that equaled or
exceeded 5.5 half-lives of the target agent. This criterion
was included to ensure that the observed effects are not
simply analgesic effects. We excluded clinical trials that
involved third molar extraction and those evaluating
neuraxial opioids due to controversy over half-life data.68

Table 9.1 lists the half-lives of the drugs used for the
present chapter.

Of the 333 publications, 61 clinical trials were identi-
fied that met the above inclusion and exclusion criteria.
Table 9.2 contains the 34 studies that were excluded from
review, showing which one or more of the five inclusion
criteria were not met. The 61 studies were evaluated and
scored for methodological quality by both authors using
the Jadad quality index scale.72 The scale uses a six point
(0–5) rating system (in which lower quality articles
receive lower scores) to assess the likelihood of bias in
pain research reports based on descriptions of randomi-
zation, blinding, and withdrawals. A data extraction
process was performed on the articles that met inclusion
criteria. The following items were collected: publication
details, sample size, surgical procedure, nature and timing
of interventions, target agent, route and dose of target
agent, nature and time after surgery of preemptive or
preventive effect.

Table 9.3 shows the various experimental designs
(depicted in Figure 9.1) and the frequency with which
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Figure 9.9 Experimental design comparing two postincision analgesic interventions with a placebo or no treatment control condition

(treatment combination 1 versus 4 versus 4 in Figure 9.1). Preventive analgesia is demonstrated if the postincision condition shows less

pain and/or analgesic consumption than the control group beyond the clinical duration of action of the target analgesic. This design

was used by Reuben et al.64[II] who showed that morphine, but not saline, administered into the iliac bone graft harvest site (HS)

during cervical spinal fusion surgery reduced short-term pain and analgesic consumption, as well as the incidence of chronic donor site

pain one year after surgery when compared with a group that received intramuscular morphine and a placebo control group that

received saline. The study illustrates that preventive analgesia can be achieved even when the analgesic intervention is started after

incision and bone graft harvest (i.e. in the context of an unchecked peripheral nociceptive injury barrage during surgery).
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Table 9.1 Half-lives of drugs and source of half-live information used in studies of preventive analgesia.

Drug/source of information Half-life Criterion value of 5.5 half-lives

Local anesthetics

Bupivacaine69 i.v.: 3.5 hours i.v.: 19.25 hours

epidural: 2–5 hours epidural: 27.5 hours

PNB: 4–12 hours PNB: 66 hours

Infilt: 2–8 hours Infilt: 44 hours

Lidocaine69 i.v.: 1.6 hours i.v.: 8.8 hours

epidural: 1–3 hours epidural: 16.5 hours

PNB: 1–3 hours PNB: 16.5 hours

Infilt: 1–4 hours Infilt: 22 hours

Mexiletine70 10–12 hours 66 hours

Ropivacaine69 i.v.: 1.9 hours i.v.: 10.45 hours

epidural: 2–6 hours epidural: 33 hours

PNB: 5–8 hours PNB: 44 hours

Infilt: 2–6 hours Infilt: 33 hours

Nonsteroidal anti-inflammatory drugs

Celecoxib71 6–12 hours 66 hours

Flurbiprofen71 6 hours 33 hours

Ibuprofen71 2–4 hours 22 hours

Ketoprofen71 2 hours 11 hours

Ketorolac71 4–6 hours 33 hours

Piroxicam71 45–50 hours 11.4 days

Potassium diclofenac69 1.5 hours 8.25 hours

Rofecoxib 17 hours 93.5 hours

Tenoxicam69 60 hours 13.75 days

NMDA receptor antagonists

Dextromethorphan69 1.2–3.9 hours 21.45 hours

Ketamine70 2.5–3 hours 16.5 hours

Magnesium70 8 hours 44 hours

Opioids

Fentanyl70 3–4 hours 22 hours

Morphine70 4 hours 22 hours

Pethidine70 3 hours 16.5 hours

Remifentanil70 8–20 minutes 1.8 hours

Sufentanil70 3–4 hours 22 hours

Other analgesic and nonanalgesic agents

Paracetamol (acetaminophen)70 4 hours 22 hours

Clonidine70 6–20 hours 4.6 days

Dexmedetomidine70 2 hours 11 hours

Gabapentin69 6–7 hours 38.5 hours

Nitroglycerin70 1–4 minutes 1.5 hours

Promethazine70 9–16 hours 3.6 days

Venlafaxine70 11 hours 60.5 hours

i.m., intramuscular; Infilt, infiltration; i.v., intravenous; NMDA, N-methyl-D-aspartate; p.o., per os; PNB, peripheral nerve
block.
Also shown is the criterion value of 5.5 half lives used to determine inclusion of studies evaluating preventive analgesia
(i.e. with a no treatment or placebo control group). Only studies that reported a measure of pain and analgesic
consumption beyond the criterion value were eligible for inclusion in the present review as assessing preventive effects.
This requirement was not in place for studies of preemptive analgesia (i.e. in which treatment control groups received
the same intervention but at different times).
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they were used across the 61 studies for each class of
analgesic and anesthetic agent. For each design, the table
also shows whether the effect being evaluated is pre-
emptive or preventive as defined above. The enormous
variability in timing of treatment is evident from the fact
that 23 different designs have been implemented. Table 9.4
summarizes the outcomes of the studies reviewed below
according to the target agent administered, including
gabapentin, local anesthetics, opioids, nonsteroidal anti-
inflammatory drugs (NSAID), N-methyl-D-aspartate

(NMDA) receptor antagonists, multimodal therapy (three
or more target agents), and other, traditionally, non-
analgesic/anesthetic agents. Positive studies are defined as
those that report a significant preemptive or preventive
effect (i.e. reduced pain or analgesic consumption, or
both). Negative studies are defined as those for which the
treatment and control groups did not differ significantly in
terms of pain or analgesic consumption. Also listed in the
table is the frequency of studies reporting effects opposite
to that predicted (e.g. in a study of preemptive analgesia,
the postsurgical treatment group demonstrated sig-
nificantly less pain and/or used fewer analgesics than the
preincisional treatment group).

LITERATURE REVIEW

Gabapentin

Gabapentin is a structural analogue of g-aminobutyric
acid (GABA) and was introduced into clinical practice as
an anticonvulsant drug. Its main binding site is believed to
be the alpha-2-delta subunit of voltage-dependent calcium
channels, but its full mechanism of action is not well
understood.106 Other postulated mechanisms of action
have been proposed, such as selectively activating GABAB

receptors, selectively enhancing the NMDA current at
GABAergic interneurons, or blocking a-amino-3-hydroxy-
5-methylisoxazole-4-propionic acid (AMPA) receptor-
mediated transmission in the spinal cord.106 More
recently, gabapentin has been shown to increase tonic
inhibitory conductance in mammalian hippocampal
neurons.107 Thus, a combination of peripheral and central
effects likely mediate the clinical effects of this drug.

Gabapentin has been demonstrated to be effective in
the treatment of neuropathic pain, diabetic neuropathy,
postherpetic neuralgia, and reflex sympathetic dystro-
phy.108 Gabapentin has been described as an anti-
hyperalgesic drug that selectively affects the nociceptive
process involving central sensitization.108 In volunteers,
oral gabapentin profoundly suppressed established cuta-
neous hyperalgesia after heat-capsaicin sensitization and
was able to prevent the development of cutaneous sensi-
tization.109

Over the past six years, there have been 20 clinical trials
examining the effects of gabapentin on postoperative
pain.110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125,
126, 127, 128, 129 All but two of these studies114, 123 have found
that gabapentin significantly reduces pain, as well as
the amount of postoperative opioid required (16–67
percent).

Table 9.5 shows the six studies that were found to have
examined designs assessing preemptive and preventive
analgesic effects of perioperative gabapentin. The Jadad
et al.72 quality index scores of the six articles ranged from
four to five with a mean � S.D. of 4.3� 0.52. Of the six

Table 9.2 Studies excluded from review in the present chapter

for failing to meet one or more of the following criteria: rando-

mized (R), double-blind assessments (DB), report of pain using a

reliable and valid measure (P), report of analgesic consumption (A),

and absence of methodological problem, design flaw, or confound

that renders interpretation of the results ambiguous (MF).

Author Year Drug class Criterion
not met

Lee et al.73 2001 LA R

Senturk et al.31 2002 LA DB

Yegin et al.74 2003 LA DB

Senagore et al.75 2003 LA DB

Cerfolio et al.76 2003 LA A

Korhonen et al.77 2004 LA DB

Karakaya et al.78 2004 LA DB

Lee-Elliott et al.79 2004 LA DB

Batra et al.80 2005 LA DB

Sundarathiti et al.81 2005 LA DB

Abramov et al.82 2005 LA MF

Herbland et al.83 2006 LA A

Seet et al.84 2006 LA DB

Yukawa et al.85 2005 Multimodal DB

Busch et al.86 2006 Multimodal DB

Subramaniam et al.87 2001 NMDA antagonist P

Papaziogas et al.88 2001 NMDA antagonist A

Weinbroum et al.89 2001 NMDA antagonist R

Weinbroum et al.90 2002 NMDA antagonist MF

Weinbroum91 2002 NMDA antagonist R

Weinbroum et al.92 2003 NMDA antagonist MF

O’Flaherty and Lin93 2003 NMDA antagonist A, P

Hayes et al.94 2004 NMDA antagonist A

Bolcal et al.95 2005 NMDA antagonist DB

Carney et al.96 2001 NSAID R

Mallory et al.97 2002 NSAID R, DB

Wnek et al.98 2004 NSAID DB

Nikanne et al.99 2005 NSAID A

Canbay et al.100 2006 NSAID A

Louizos et al.101 2006 NSAID DB

Wordliczek et al.102 2002 Opioid DB

Machida et al.103 2004 Opioid DB

Bellissant et al.104 2004 Opioid P

De Pietri et al.105 2006 Opioid DB

LA, local anesthetic; NSAID, nonsteroidal anti-inflammatory drug; NMDA,
N-methyl-D-aspartate.
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Table 9.3 Variety and frequency of experimental designs used to evaluate the preemptive and/or preventive effects of different classes of

analgesic agents.

Design
number

Treatment
combinations in
Figure 9.1

Preemptive
and/or
preventive

Gabapentin Local
anesthetics

Opioids NSAIDs NMDA
antagonists

Multimodal Other Total
No. of
studies

1 1, 2 PV 1 – 1 1 5 1 3 12

2 1, 2, 3 PE and PV 1 2 – – 1 – – 4

3 1, 2, 3, 5 PE and PV – 1 – – – – – 1

4 1, 2, 4 PE and PV – – – 3 1 – 1 5

5 1, 2, 5 PE and PV – – – – 1 – – 1

6 1, 3, 3, 3 PE and PV – – 1 – – – – 1

7 1, 3, 5 PE and PV – – – – 1 – – 1

8 1, 4 PV – 1 – 1 – – – 2

9 1, 4, 4 PV – 1 – – – – – 1

10 1, 4, 6 PE and PV – – – 1 – – – 1

11 1, 5 PV – 1 – – 3 – – 4

12 1, 8 PV 2 2 – 2 1 1 – 8

13 1, 8, 8 PV 1 – – – – – – 1

14 1, 8, 8, 8 PV 1 – – – – – – 1

15 2, 2 PE – – – 1 – – – 1

16 2, 3 PE – – – 2 – – – 2

17 2, 4 PE – 2 2 2 – 2 – 8

18 2, 4, 5 PE and PV – – – – 1 – – 1

19 2, 4, 6 PE and PV – – – 1 – – – 1

20 3, 4 PE – – 1 – – – – 1

21 4, 4, 4 PV – – – – – 1 – 1

22 4, 8 PE – 2 – – – – – 2

23 8, 8 PE – 1 – – – – – 1

Total 6 13 5 14 14 5 4 61

NSAIDs, nonsteroidal anti-inflammatory drugs; NMDA, N-methyl-D-aspartate; PE, preemptive; PV, preventive.
Each design (column 1) is defined in terms of specific treatment combinations (column 2) depicted in Figure 9.1. Each design is also described as
evaluating preemptive and/or preventive effects (column 3).

Table 9.4 Summary of studies according to target agent administered showing total number of studies, number (%) with positive and

negative preemptive and preventive effects.

Agent(s) No. studies Preemptive effects Preventive effects Opposite
effects (%)

Total No.
effects (%)

Positive (%) Negative (%) Positive (%) Negative (%)

Gabapentin 6 0 (0) 1 (16.7) 4 (66.6) 1 (16.7) 0 (0) 6 (100)

Local anesthetics 13 3 (20) 3 (20) 6 (40) 1 (6.7) 2 (13.3) 15 (100)

Opioids 5 3 (60) 1 (20) 0 (0) 1 (20) 0 (0) 5 (100)

NSAIDs 14 7 (43.8) 3 (18.8) 4 (25) 2 (12.4) 0 (0) 16 (100)

NMDA antagonists 14 2 (11.8) 1 (5.9) 9 (53) 4 (23.4) 1 (5.9) 17 (100)

Multimodal 5 1 (16.7) 1 (16.7) 2 (33.3) 2 (33.3) 0 (0) 6 (100)

Other 4 1 (25) 0 (0) 3 (75) 0 (42.9) 0 (0) 4 (100)

Totala 61 17b (24.6) 10 (14.5) 28c (40.6) 11 (15.9) 3 (4.4) 69 (100)

Also shown is the number (%) of studies reporting effects opposite to that predicted and the total number of effects. The total number of effects exceeds the number
of studies because some studies were designed to evaluate both preemptive and preventive effects. See text for definition of preemptive and preventive effects.
ap= 0.02 for z-test comparison of proportion of total positive preemptive plus preventive effects (0.64) versus proportion of total negative preemptive plus
preventive effects (0.31).
bp= 0. 36 for z-test comparison of proportion of total positive preemptive effects (17/27 =0.63) versus proportion of total negative preemptive effects (10/
27 =0.37).
cp= 0.03 for z-test comparison of proportion of total positive preventive effects (28/39 = 0.72) versus proportion of total negative preventive effects (11/
39 = 0.28).
NSAIDs, nonsteroidal anti-inflammatory drugs; NMDA, N-methyl-D-aspartate.
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Table 9.5 Studies examining the preemptive and preventive effects of perioperative gabapentin.

Author Surgical procedure
(No. patients)

Treatment
combinations
(Figure 9.1)

Group: first
intervention drug/
second intervention
drug

Route and dose Timing of first
intervention

Timing of second
intervention

Quality
score

Nature and time after surgery
of preventive and/or
preemptive analgesic effects

Menigaux

et al.117
Arthroscopic anterior

cruciate ligament

repair (40)

1, 2 GA plus: p.o. 1200mg 1–2 h preop NA 4 aPreventive effect – yes

G1: GABA/na VAS pain: no inter-group

differences beyond t1/2 = 5.5

lives

G2: PLA/na Cumulative i.v. PCA morphine

consumption: G1oG2 at 48 h
aFirst/maximal and passive/active

flexion on post-op day 2:

G1oG2

Fassoulaki

et al.114
Abdominal

hysterectomy (60)

1, 8 GA plus: 400mg p.o. 18 h preoperation

and every 6 h

(3 doses) until

surgery

Continues on

same schedule

until 5 days

postoperatively

4 aPreventive effect – yes

G1: GABA/GABA One month follow up: aPain

incidence: G1oG2

G2: PLA/PLA Analgesic use: G1 =G2

Turan

et al.129
Abdominal

hysterectomy

(100)

1, 8, 8, 8 GA plus: ROF p.o. 50mg 1 h preoperatively 9 a.m. on the first

and second

postoperative

days

5 Preventive effect – no

G1: PLA/PLA GABA p.o. 1.2 g 3-month follow up

G2: ROF1PLA/

ROF1 PLA

No intergroup differences in pain

incidence

G3: GABA1PLA/

GABA1PLA

G4: ROF1GABA/

ROF1GABA

(Continued over )



Turan

et al.127
Elective lower limb

surgery (40)

1, 8 GA plus: 1.2 g p.o. 1 h preoperatively 9 a.m. on the first

and second

postoperative

days

5 aPreventive effect – yes

G1: PLA/PLA VRS-R pain: no inter-group

differences beyond t§ = 5.5
lives

G2: GABA/GABA aPCEA requirements: G2oG1 at

48–72 h

PARACET usage: G2oG1

Pandey

et al.122
Open donor

nephrectomy (60)

1, 2, 3 GA plus: GABA p.o. 600mg 2 h preoperatively Immediately after

surgical incision

4 Preventive effect – na

G1: GABA/PLA GABA 600mg NG Preemptive effect – no

G2: PLA/GABA VAS-R: G1 =G2oG3 at 0, 6, 12,

18, and 24 h

G3: PLA/PLA Fentanyl use: G1o G3=G2

Fassoulaki

et al.113
Breast cancer surgery

(75)

1, 8, 8 GA plus: MEXIL p.o. 200mg

TID

postoperatively

One dosage the

evening

before the

operation

TID for 10 days

postoperatively

4 aPreventive effect – yes

G1: MEXIL1PLA/

MEXIL1PLA

GABA p.o. 400mg TID

postoperatively

a3 month follow up chronic pain

characteristics:

G2: GABA1PLA/

GABA1PLA

Neuropathic/burning pain:

G1 =G2oG3

G3: PLA1PLA/PLA1

PLA

Analgesic use: no intergroup

differences

aNature and time after surgery of preventive analgesic effects.
G, group; GA, general anesthesia; GABA, gabapentin; i.v., intravenous; MEXIL, mexiletine; na, not applicable; NG, nasogastric; PARACET, paracetamol; PCEA, patient-controlled epidural analgesia; PLA, placebo; p.o., per
os; ROF, rofecoxib; TID, three times daily; VAS-R/M, visual analog scale pain score at rest/on movement.



studies identified, only one fits the classification of a
preemptive design.122 The other five studies113, 114, 117, 127,
129 provided data to assess the preventive effects of
gabapentin beyond the 5.5 half-lives (40 hours) after the
final administration of the drug. Four of the five studies
(80 percent) demonstrated impressive preventive effects
in favor of the gabapentin treated versus placebo control
group. Perioperative gabapentin administration was
associated with a significant decrease in postoperative
opioid consumption,117, 127[II] a reduction in the inci-
dence of pain at the surgical incision site one month after
surgery,114[II] and a reduction in neuropathic pain three
months after surgery.113[II]

Only one study122[II] evaluated the preemptive effects
of gabapentin. Pandey and colleagues122[II] compared
preincisional versus immediate postincisional adminis-
tration of gabapentin (600mg) with a placebo control
group (treatment combination 1 versus 2 versus 3 in
Figure 9.1) in open donor nephrectomy patients. The
results showed that patients in the pre- and postincision
groups had significantly lower pain and used less fentanyl
than those in the control group. The absence of a pre-
emptive effect likely is due to the fact that the gabapentin
was given too early after incision in the postincisional
group.

The optimal dose of gabapentin for perioperative use
has not been established, but a recent meta-analysis130

and systematic review131 suggest that doses between 600
and 1200mg have robust opioid-sparing and pain-
relieving effects in the acute postoperative period. The
preventive effects of gabapentin are quite promising. For
example, the study by Menigaux et al.117 demonstrated
the effectiveness of gabapentin in decreasing anxiety
scores and improving early functional recovery after
anterior cruciate ligament knee surgery. Patients treated
with one preoperative dose of 1200mg of gabapentin had
significantly improved range of motion on active and
passive knee flexion on postoperative day two in com-
parison to placebo-treated patients.

Although only six studies have examined the pre-
emptive or preventive effects of gabapentin in the peri-
operative period, the perioperative pain-reducing and
opioid-sparing effects of gabapentin beyond the acute
perioperative period are quite promising; including the
possibility that pain incidence may be reduced up to three
months after surgery. Future studies are needed to clarify
the optimal dosing and timing of gabapentin in the
perioperative period.

Local anesthetics

Table 9.6 describes the 13 studies that were found to have
examined designs assessing preemptive and preventive
analgesic effects using local anesthetic agents. Surgical
procedures included major gynecologic surgery by lapar-
otomy,57, 58, 132 major abdominal surgery,133 thoracic

surgery,134 median sternotomy,135 laparoscopic surgery,136

laparoscopic cholecystecomy,137 appendectomy,138 total hip
replacement,61 total knee arthroplasty,139 knee arthro-
scopy,140, 141 and craniotomy.142 Routes of administration
included epidural58, 61, 132, 134 intravenous (i.v.),133, 135 sub-
cutaneous (s.c.),136, 137, 138, 142 intra-articular (i.a.),140, 141

and a combination of intramuscular (i.m.), s.c., and i.a.139

Although only two58, 134 of the 13 studies were
designed to assess the effects of co-administration of a
local anesthetic and an opioid, all but two studies61, 139

administered opioids at induction of general anesthesia
and/or during surgery, so that it is not possible to attri-
bute effects solely to the target local anesthetic agent.

As shown in Table 9.4, of the 15 effects that were tested
(in the 13 trials), 37.5 percent (3/8) showed significant
preemptive effects, approximately 87 percent (6/7)
showed significant preventive effects, and 25 percent (2/8)
showed preemptive effects that were opposite in direction
to the hypothesized effect, in that the postincisional group
showed reduced pain compared with the preincisional
group. Of note is the study by Katz et al.,58[II] who found
that short-term beneficial effects of preventive epidural
analgesia (whether administered before or after incision)
translated into less pain disability at three weeks but not
six months after surgery.57

Opioid analgesics

The effect of preinjury treatment with opioids on pre-
venting spinal postinjury hyperexcitability is well docu-
mented.143 Early studies by Woolf and Wall144 showed
that the amount of morphine required to prevent the
development of this spinal hyperexcitability was ten-fold
less than the amount required to reverse it after it was well
established. More recent animal studies have also shown
that the application of mu-opiate receptor agonists pre-
empt development of hyperalgesia and allodynia follow-
ing inflammation, surgery, or nerve injury.145, 146

However, the efficacy of opioid pretreatment in
decreasing central sensitization and thus reducing pain is
somewhat more equivocal in human trials. Several studies
have demonstrated that preoperative opioid administra-
tion reduces postoperative pain and consumption of
analgesics when compared with postoperative adminis-
tration147 or a placebo control,148 the latter effect occur-
ring beyond the clinical duration of action of the target
opioid. However, others have failed to demonstrate pre-
emptive effects.149 A growing body of evidence over the
past ten years has also suggested that under certain con-
ditions opioids may induce some forms of central sensi-
tization and facilitate development of hyperalgesia.150

Despite the mixed picture of opioids with respect to their
hyperalgesic and analgesic actions, they continue to have a
major role in perioperative pain management.

Table 9.7 shows the five studies that were found
to have examined designs assessing preemptive and
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Table 9.6 Studies examining the preemptive and preventive effects of local anesthetics (� opioid) as the target treatment.

Author Procedure (No.
patients)

Treatment
combinations
(Figure 9.1)

Group: First
intervention drug/
second
intervention drug

Route and dose Timing of first
intervention

Timing of second
intervention

Quality
score

Nature and time after
surgery of preventive
and/or preemptive
analgesic effects

Katz et al.58 and
Katz and

Cohen57

Major gynecologic

surgery by

laparotomy (141)

1, 2, 3 GA plus: Epidural 12mL LID 2 After placement of

epidural catheter

before incision

40min post-

incision

5 aPreventive effect – yes

G1: LID1FENT/

SAL

Epidural FENT 4mg/kg bPreemptive effect – yes

G2: SAL/

LID1FENT

VAS-R: No inter group

differences, aVAS-M:

G1oG3 at 24 h

G3: SAL/SAL Hourly PCA Morphine:
bG1oG2=G3 for day

1; a,bG1oG2oG3 for

day 2

Von Frey pain threshold

at 24 h: aG14G3 at

24 h

3-week follow-up: Pain

Disability Index:
aG1 =G2oG3 No

differences analgesic

use

6 month follow-up: No

differences in pain

incidence, intensity,

disability or analgesic

use

Neustein et al.134 Thoracic surgery (32) 4, 8 GA plus: Epidural 20mg BUP

and 100 mg FENT

followed by an

intra-operative

infusion of BUP 0.1

and FENT 10mg/mL
at 6mL per h

reduced to 2mL

per h in PACU

After induction but

pre-incision

followed by intra

op infusions

Postoperative

infusion started

in PACU (G1,

G2)

3 bPreemptive effect – no

G1: BUP1FENT/

BUP1FENT/

BUP1FENT

VAS pain:

G2: SAL/SAL/

BUP1FENT

G1oG2 at 0–6 h (exact

time of effect not

known)

PCEA: no differences in

median epidural

infusion rate

(Continued over )



Table 9.6 Studies examining the preemptive and preventive effects of local anesthetics (� opioid) as the target treatment (continued).

Author Procedure (No.
patients)

Treatment
combinations
(Figure 9.1)

Group: First
intervention drug/
second
intervention drug

Route and dose Timing of first
intervention

Timing of second
intervention

Quality
score

Nature and time after
surgery of preventive
and/or preemptive
analgesic effects

Vendittoli et al.139 Total knee arthroplasty

(42)

1, 8 Spinal BUP plus: i.m. (deep tissues)

275mg

i.m. before prosthesis

implantation

s.c. before wound

closure and i.a.

on first day

postoperation

4 aPreventive effect – yes

G1: Nad/Nad/Nad s.c. 125mg aVAS pain at 2 days:

G2oG1

G2: ROP/ROP/ROP i.a. 150mg Analgesic use: G2oG1

up to 48 h

Active assisted knee

flexion day 1–5: No

inter group

differences

Koppert et al.133 Major abdominal

surgery (40)

1, 8 GA plus: i.v. LID bolus 1.5mg/kg

followed by i.v. LID

infusion 1.5mg/kg/

h

Bolus after intubation;

infusion started

30min before

surgical incision

and maintained

until 60min post

op

na 5 aPreventive effect – yes

G1: SAL/na VRS-R: No differences

post-op at any time

G2: LID/na VRS-MAUC: aG2oG1

24–48 h and 48–72 h

PCA morphine:
aG2oG1 at 36–48,

48–60 and 60–72 h

Cumulative PCA

morphine: G2oG1

Lohsiriwat

et al.138
Appendectomy (123) 1, 5 GA plus: s.c. 10mL 0.5 5min before incision

and just after

incision of skin and

s.c. tissue

na 3 aPreventive effect – yes

G1: SAL/na aVAS-M: G2oG1 at 48 h

G2: BUP/na Total morphine

consumption:

G2oG1 at 48 h

Lam et al.136 Laparoscopy (144) 1, 2, 3 GA plus: s.c. 10mL 1 LID Before incision Before closure 5 bPreemptive effect –

opposite

G1: LID/SAL aPreventive effect – yes

G2: SAL/LID Pain levels:

G3: SAL/SAL aG2oG3 at 24 h
bG2oG1 at 24 h

No differences in

analgesic

consumption prior to

discharge

(Continued over )



Burmeister

et al.132
Major gynecological

surgery (30)

4, 8 GA plus: Epidural bolus 10mL

0.375 followed by

epidural infusion

6mL/h

Bolus before

induction; infusion

until end of skin

closure

At end of skin

closure;

continuously

until 24 hours

postoperatively

4 Preemptive effect – no

G1: PLA/ROP

G2: ROP/ROP

Nguyen et al.142 Craniotomy (30) 1, 4 GA plus: s.c. 20mL 0.75 na At skin closure 4 Preventive effects – no

G1: na/ROP

G2: na/PLA

Louizos et al.137 Laparoscopic

cholecystectomy

(108)

1, 2, 3, 5 GA plus: s.c. 20mL 0.25 L-BUP Before incision Before skin closure 4 Preventive effect – na

G1: SAL/SAL i.p. 20mL 0.25 L-BUP bPreemptive effect –

opposite

G2: L-BUP/SAL bIncidence of right

shoulder pain:

G3oG2

G3: SAL/L-BUP

G4: L-BUP/L-BUP

Fagan et al.141 Knee arthroscopy (40) 2, 4 GA plus: i.a. 15mL 0.5 15min preoperation After surgery 5 Preemptive effect – no

G1: BUP1EPI/PLA

G2: PLA/BUP1EPI

Tuncer et al.140 Arthroscopic knee

surgery (40)

2, 4 i.v. sedation plus: i.a. BUP 20mL 0.25 30min before incision Immediately after

skin closure

3 bPreemptive effect – yes

G1: BUP/SAL bVAS-R/M: G1oG2 at 1,

2, 4 and 6 hG2: SAL/BUP

Klasen et al.61 Total hip replacement

(42)

8c, 8 i.v. sedation plus: Epidural: ROP 0.2 at

5mL/h

Continuously starting

12 h preoperation

up until arrival in

OR

Pre-incision 1 ROP

to achieve

sensory

blockade to T8

and throughout

surgery

4 bPreemptive effect – yes

G1: ROP/ROP VAS pain: No intergroup

differences post-

operation

G2: SAL/ROP bTotal PCEA ROP

consumption at 48 h:

G1oG2

White et al.135 Median sternotomy

(36)

1, 4, 4 GA plus: i.v. infusion 4mL/h na Continuously from

end of surgery

until 48 h post-

operation

3 aPreventive effect – yes

G1: na/PLA aVAS Pain: G3oG1 at

72 h

G2: na/BUP 0.25 Mean i.v. PCA morphine

usage: G3oG1 at

72 h

G3: na/BUP 0.5 aHospital stay: G3oG1

AUC, area under the curve; FENT, fentanyl; G, group; GA, general anesthesia; i.a., intaarticular; i.p., intraperitoneal; i.v., intravenous; L-BUP, levo-bupivacaine; LID, lidocaine; na, not applicable; Nad, nothing administered;
OR, operating room; PACU, postanesthetic care unit; PCEA, patient controlled epidural analgesia; PLA, placebo; ROP, ropivacaine; SAL, saline; s.c., subcutaneous.
aNature and time after surgery of preventive analgesic effects.
bNature and time after surgery of preemptive analgesic effects.
cThe classification of this study as evaluating preemptive analgesia is not entirely accurate. While it does evaluate the effect of altering the timing of administration, it does not do so before versus after incision.



Table 9.7 Studies examining the preemptive and preventive effects opioids as the target treatment.

Author Procedure (No. of
patients)

Treatment
combinations
(Figure 9.1)

Group: First
intervention drug/
second
intervention drug

Route and dose Timing of first
intervention

Timing of second
intervention

Quality
Score

Nature and time after
surgery of preventive
and/or preemptive
analgesic effects

Reuben et al.155 Arthroscopic knee

surgery (40)

2, 4 IV sedation plus IA

BUP plus:

MORPH i.a. 3mg 30min preoperation At end of surgery 3 Preemptive – yes

G1: MORPH/Nad VAS-R/M: G1 =G2 at 1,

2 and 24 h

G2: Nad/MORPH 24 h analgesic

consumption:

G1oG2

McCarty et al.153 Anterior cruciate

ligament

reconstruction (62)

1, 2 GA plus post-

operation

femoral nerve

block:

5mg i.a. After induction but

pre-incision

na 3 Preventive effect – no

G1: PLA/na

G2: MORPH/na

Mavioglu et al.152 Total abdominal

hysterectomy (64)

3, 4a GA plus: 0.5mg/kg i.v.1bolus

doses of 10mg

During closure of

fascia

In PACU 4 Preemptive – yes

G1: PETH/Nad VAS-R: G1oG2 at 0, 15,

30, 60 and 120min

G2: Nad/PETH PETH use: G1oG2 at

0–15, 15–30, 30–60

and 60–120min

(Continued over )



Munoz et al.154 Laparoscopic

cholecystectomy

(120)

1, 3, 3, 3a GA plus: MORPH i.v.150 mg/kg First intervention:

440min from end

of surgery

Third intervention

o20min from

end of surgery

4 Preventive effect – na

G1: SAL/SAL/SAL Second intervention:

20–40min from

end of surgery

Preemptive effect – no

G2: SAL/SAL/

MORPH

G3: SAL/MORPH/

SAL

G4: MORPH/SAL/

SAL

Akural et al.151 Abdominal

hysterectomy (41)

2, 4 GA plus: Epidural 50mg 20min pre-anesthesia 20min after

closure of

peritoneum

3 Preemptive effect – yes

G1: SUFENT/SAL NRS pain-R/M: no inter

group differences

postop to 1 month

G2: SAL/SUFENT PCEA SUFENT

consumption:

G1oG2 at 8–16 h

Touch detection

threshold AUC for 4

days: G1oG2

Pain threshold AUC for 4

days: G1oG2

AUC, area under the curve; BUP, bupivacaine; G, group; GA, general anesthesia; i.a., inta-articular; i.v., intravenous; min, minutes; MORPH, morphine; na, not applicable; NRS pain – R/M, numeric rating scale for pain at
rest/on movement; Nad, nothing administered; PACU, postanesthetic care unit; PCEA, patient controlled epidural analgesia; PETH, pethidine; PLA, placebo; SAL, saline; SUFENT, sufentanil; VAS-R/M, visual analog scale pain
score at rest/movement.
aThe classification of this study as evaluating preemptive analgesia is not entirely accurate. While it does evaluate the effect of altering the timing of administration, it does not do so before versus after incision.



preventive analgesic effects of opioids in the perioperative
period.151, 152, 153, 154, 155 The Jadad et al.72 quality index
scores of the five articles ranged from three to four with a
mean� S.D. of 3.4� 0.55. Routes of administration
included were i.a. (morphine), i.v. (pethidine [meper-
idine], morphine) and epidural (sufentanil, treatment
combination 2 versus 4 in Figure 9.1). The relatively few
studies examining the preventive effects of opioids (i.e.
five) was due to our exclusion of all trials involving
neuraxial opioids since there is a lack of a consensus on
half-life values of opioids delivered by the epidural and
spinal routes.68 The five trials included in Table 9.7
studied the effects of opioids in the following four sur-
gical populations: total abdominal hysterectomy,151, 152

laparoscopic cholecystectomy,154 anterior cruciate liga-
ment repair,153 and arthroscopic meniscectomy.155

Of the five studies, four used preemptive designs (three
positive151, 152, 155[II] and one negative154), while only
one153 met the criteria for a preventive trial. Reuben
et al.155[II] (treatment combination 2 versus 4 in
Figure 9.1) demonstrated that preoperative i.a. injection
of morphine was superior to postoperative injection in
decreasing pain scores and morphine consumption follo-
wing arthroscopic knee surgery. Akural et al.151[II] (treat-
ment combination 2 versus 4 in Figure 9.1) demonstrated
that preoperative epidural sufentanil was superior to epi-
dural sufentanil administration near the end of surgery.
Postoperative pain was significantly lower in the pre-
versus postincisional group for up to four days after sur-
gery.151[II] The only negative preemptive study154 used a
clinically nonrelevant design (treatment combination 1
versus 3 versus 3 versus 3 in Figure 9.1) and evaluated the
effects on postoperative pain and analgesic consumption
of i.v. morphine administered at three time points during
laparoscopic cholecystectomy versus a saline control. The
sole preventive study153 we identified compared the effects
of preincisional i.a. morphine compared to placebo in
patients undergoing anterior cruciate ligament recon-
struction. The authors did not find evidence of an effect of
i.a. morphine on pain or analgesic consumption, but this
not surprising since all patients received postoperative
femoral nerve blocks with at least 20mL of 0.5 percent
bupivacaine. Thus, the only plausible conclusion is that
i.a. morphine provides no additional benefit when com-
bined with effective postoperative femoral nerve blocks.

Opioids continue to have a significant role in peri-
operative pain management despite significant adverse
effects such as nausea, vomiting, sedation, pruritus,
constipation, urinary retention, and respiratory depres-
sion.156 The problem of accurately identifying the half-life
of neuraxially administered opioids68 essentially limited
our review of these agents to studies using preemptive
designs. Longer follow-up times after surgery (e.g. weeks
or months) would obviate the problem of determining an
accurate half-life of epidural and spinal opioids. More
research is needed to clarify the role of opioids in pre-
emptive/preventive analgesia.

NSAIDs

The analgesic effects of NSAIDs have been attributed to
their anti-inflammatory actions in inhibiting the synthesis
of prostaglandins.157 Prostaglandin (PG) synthesis is
essential for the generation of inflammatory pain and this
depends not only on prostaglandin production at the site
of inflammation, but also on the actions of prostaglandins
synthesized within the central nervous system (CNS).
Prostaglandins derive from arachidonic acid liberated
from phospholipids in the cell membrane by the action of
phospholipase A2 (PLA2) enzymes.158 Cyclooxygenase
(COX) catalyzes the first two reactions of the PG pathway.
The identification of two COX isoforms, COX-1 and
COX-2, led to intense efforts to characterize the relative
contribution of each isoform to prostaglandin production
in specific situations.158

Marked increases in PLA2 and COX-2 expression occur
at the site of peripheral inflammation. Prostaglandins
themselves do not produce pain, but sensitize receptors at
the site of injury to a variety of neurochemicals (e.g.
bradykinin, serotonin, substance P, calcitonin gene-related
peptide).157 Recent evidence has also demonstrated that
peripheral inflammation induces a widespread increase in
COX-2 and prostaglandin synthase expression in neurons
and nonneuronal cells in the spinal cord.159 An elevation
of COX-2 also occurs at many levels in the brain, mainly
in the endothelial cells of the brain vasculature.

Samad et al.158 proposed two signaling systems through
which peripheral injury and its inflammatory sequelae are
relayed to the CNS. The first is the traditional, electrically
mediated transmission system, in which neural activity in
sensitized nerve fibers innervating inflamed tissue signals
the location of injury, as well as the onset, duration, and
nature of any stimuli applied to this tissue. The second is a
nonneuronally mediated system in which a humoral sig-
naling molecule (or molecules), originating in inflamed
tissue, acts via the bloodstream to produce a widespread
induction of COX-2 in the CNS. Following peripheral
injury, there is an immediate (within minutes) and delayed
(within hours) spinal release of PGE2, the former produced
by COX-1 and/or COX-2, and the latter by COX-2.157, 160

This suggests that acute postoperative pain may not be as
sensitive to COX-2 inhibitors as the pain experienced some
time later.158 The net effect of both the peripheral and
central actions of NSAIDs would be to prevent or
attenuate development of a hyperexcitable state in spinal
cord dorsal horn neurons. In terms of the patient’s
experience of pain after surgery, this would translate into
less intense pain and a reduced requirement for post-
operative analgesics. Based on data from basic science and
clinical research, NSAIDs may preempt different compo-
nents of postoperative pain (e.g. central and peripheral
sensitization) by more than one mechanism, and pro-
longed blockade of inflammation by NSAIDs throughout
the perioperative period and beyond has demonstrated a
decrease in the development of chronic pain.
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Table 9.8 shows the 14 studies that were found to have
examined the preemptive and preventive effects of NSAID
administration in the perioperative period. The Jadad et
al.72 quality index scores of the 14 articles ranged from
two to five with a mean � S.D. of 3.8� 0.89. Routes of
administration include oral, rectal, and i.v. A variety of
NSAIDs were used which differ in the extent of their anti-
inflammatory activity, analgesic effects, antipyretic
actions, and pharmacokinetics.

Of the 14 studies identified, ten fit the classification of
a preemptive design.60, 161, 162, 163, 164, 166, 168, 169, 170, 172

Two of the 14 studies also examined effects beyond 5.5
half-lives of the target drug, one demonstrating a posi-
tive,170[II] and the other, a negative169 preventive effect.
The other four studies used designs that assessed the
preventive effects of NSAID interventions.165, 167, 171, 173

Of the six studies that reported preventive effects, four
(66.7 percent) reported positive findings, and of these,
both Buvanendran et al.167[II] and Rueben et al.161[II]
demonstrated significant long-term benefits at one month
and one year after surgery, respectively. Buvanendran et
al.167 found that a two-week perioperative regimen of
rofecoxib in total knee arthroplasty patients improved
range of motion in comparison to controls at a one
month follow up. Reuben et al.161[II] administered cel-
ecoxib or placebo, to patients scheduled for spinal fusion,
for five days beginning one hour before surgery. The
incidence of chronic donor-site pain was significantly
lower in the celecoxib group (four of 40 patients, or 10
percent) compared with the placebo group (12 of 40
patients, or 30 percent) at one year after surgery. Cel-
ecoxib-treated patients had a 74 percent lower risk for
developing chronic pain than the placebo-treated patients
at one year.

COX-2 selective inhibitors were originally marketed as
safer alternatives to nonselective nonsteroidal anti-
inflammatory drugs. Recent studies demonstrating a link
to long-term use and cardiac and renal morbidity174, 175

have culminated in the withdrawal of rofecoxib and val-
decoxib from the marketplace. Although the evidence
suggests a fairly consistent cardiovascular risk rate with
rofecoxib, the evidence for cardiovascular risk with cel-
ecoxib is equivocal.176 It is important to note that the
long-term cardiovascular risk associated with COX-2
inhibitors, which resulted in the withdrawal of rofecoxib,
was demonstrated in patients taking the medication for
more than two years. The analgesic and opioid-sparing
effects associated with COX-2 inhibition were demon-
strated with short-term use (eight days at most).161, 165, 167

In summary, the results of the present review suggest
that perioperative NSAID use is associated with clinically
significant preemptive and preventive effects with a suc-
cess rate approaching 70 percent. Long-term benefits at
one month and one year after surgery were associated
with COX-2-selective NSAID (rofecoxib/celecoxib)
administration. Given their long half-life (Table 9.1), the
anti-inflammatory properties of these agents continued to

be active for some time after surgery, even when admi-
nistered as a single preoperative dose.161 This may con-
tribute to a longstanding block of the inflammatory
response and a reduction in peripheral sensitization.
Prolonged central effects of NSAIDs may also contribute
to the prevention of central sensitization significantly
attenuating the development of hyperexcitability in spinal
cord dorsal horn neurons. Further research is required to
confirm and extend the initial promising short- and long-
term benefits of preventive COX-2 inhibition.

NMDA receptor antagonists

A variety of agents that have an antagonistic action at the
NMDA receptor are clinically available, including aman-
tadine, dextromethorphan, ketamine, ketobemidone,
memantine, and methadone. At the present time, pre-
ventive or preemptive analgesic effects have been investi-
gated using ketamine or dextromethorphan, but not the
other NMDA antagonists. Although ketamine hydro-
chloride177 and dextromethorphan178 act on a variety of
receptor systems, their NMDA channel-blocking properties
quickly became the focus of intense research once this
receptor–ion channel complex was discovered to play a
critical role in the induction and maintenance of central
sensitization and pathological pain.179, 180 The mechanism
proposed to underlie the reduced opioid consumption and
pain in studies of preemptive analgesia is the prevention
(or reversal) of NMDA-mediated sensitization of spinal
cord dorsal horn neurons.4, 51 The NMDA channel blockers
dextromethorphan and ketamine are of particular interest,
therefore, in testing the hypothesis that perioperative
administration will lead to reduced pain and analgesic
consumption using preventive and preemptive designs.

Table 9.9 shows the 14 studies that were found to have
examined designs assessing preemptive and preventive
analgesic effects of ketamine (n= 10) or dextromethorphan
(n= 4). The Jadad et al.72 quality index scores of the 14
articles ranged from three to four with a mean� S.D. of
4.4� 0.64. The most frequent designs have compared
preoperative administration of dextromethorphan or
ketamine with a placebo or an active agent (i.e. evaluation
of preventive effects). The next most commonly used
designs compare preoperative administration of dex-
tromethorphan or ketamine with the same agent admi-
nistered either intraoperatively, postoperatively, or both
preoperatively and postoperatively (Table 9.3).

KETAMINE

The preemptive and preventive use of ketamine has been
studied on a variety of surgical procedures including lower
abdominal surgery,193 total knee arthroplasty,182, 187 gyne-
cological laparotomy183 and laparoscopy,184 gastrectomy,185

major ear, nose, and throat surgery,186 tonsillectomy,194
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Table 9.8 Studies examining the preemptive and preventive effects of NSAIDs.

Author Procedure (No. of
patients)

Treatment
combinations
(Figure 9.1)

Group: first
intervention drug/
second
intervention drug

Route and dose Timing of first
intervention

Timing of second
intervention

Quality
Score

Nature and time after
surgery of preventive
and/or preemptive
analgesic effects

Reuben et al.161 Arthroscopic knee

surgery (60)

1, 2, 4 Sedation i.v. plus IA

BUP plus:

50mg p.o. 1 h preoperation 15min after

surgery

4 Preventive effect – na

G1: ROF/PLA Preemptive effect – yes

G2: PLA/ROF Verbal Analogue Pain at

rest: G1 = G2oG3 at

2124 h

G3: PLA/PLA Verbal Analogue Pain at

movement:

G1oG2oG3 at 1,

2124 h

24 h consumption of

PARACET/OXYCOD:

G1oG2 =G3

Kokki and

Salonen162
Pediatric

tonsillectomy

(109)

1, 4, 6 GA plus: Bolus i.v. 0.5mg/kg Bolus 5min after

induction but

before surgery

PACU bolus

followed by

24 h infusion

4 Preventive effect – na

G1: KETOP /SAL/

KETOP

Infusion i.v. 3mg/kg/h Preemptive effect – no

G2: SAL/KETOP/

KETOP

G3: SAL/SAL/SAL

Gramke et al.163 Laparoscopic bilateral

inguinal hernia

repair (52)

2, 4 GA plus: Sublingual 40mg 2 h preoperation 10min

postoperation

3 Preemptive effect – yes

G1: PIROXI/PLA VAS-R: G1oG2 at 6 and

20 h

G2: PLA/PIROXI Cumulative i.v. PCA

tramadol:

Norman et al.164 Ankle fracture surgery

(48)

2, 3 GA plus: 30mg i.v. After induction, while

the leg was being

prepared

Immediately after

tourniquet

inflation

(o15min after

intervention 1)

5 Preemptive effect – yes

G1: KETOR/PLA VAS-R: G1oG2 at 2 and

4 h

G2: PLA/KETOR PCA morphine: No inter

group differences

(Continued over )



Reuben et al.165 Spinal fusion (80) 1, 8 GA plus infiltration

of proposed

incision sites

with BUP plus:

400mg preoperation

p.o., 200 BID

postoperation

1 h preoperation Every 12 h

postoperation

until 5th day

3 Preventive effect – yes

G1: CELECOX/

CELECOX

One year follow up:

G2: PLA/PLA Chronic donor site pain:

G1oG2

G1 patients had a 74

lower risk for chronic

pain than G2

Boccara et al.166 Laparoscopic

cholecystectomy

(104)

2, 4 GA plus: KETOP 100mg i.v. Before induction After surgery 4 Preventive effect – na

G1: KETOP/PLA PARACET 2 g i.v. Preemptive effect – yes

G2: PLA/KETOP VAS Pain:

G1oG2 =G3=G4 at

0, 1, 2, 3, 10 and 12 h

G3: PARACET/PLA No of pain-free patients

during 24 h:

G1oG2 =G3=G4

G4: PLA/PARACET No. of patients with

severe pain (VAS

Z50): G1oG2=G3

Cumulative nalbuphine

consumption at 24 h:

G1 =G2

Buvanendran et
al.167

Total knee

arthroplasty (70)

1, 8 Sedation (i.v.) plus

spinal BUP

preop plus

epidural post-

op plus:

50mg per day p.o. 24 h and 1–2 h

preoperation

Once daily for 5

days then

25mg/day for 8

more days

5 Preventive effect – yes

G1: ROF/ROF One-month follow-up:

Range of motion of

affected knee:

G14G2

G2: PLA/PLA

(Continued over )



Table 9.8 Studies examining the preemptive and preventive effects of NSAIDs (continued).

Author Procedure (No. of
patients)

Treatment
combinations
(Figure 9.1)

Group: first
intervention drug/
second
intervention drug

Route and dose Timing of first
intervention

Timing of second
intervention

Quality
Score

Nature and time after
surgery of preventive
and/or preemptive
analgesic effects

Priya et al.168 Breast surgery (50) 2, 3 GA plus: 100mg i.v. 30min before incision Immediately after

incision

4 Preemptive effect – yes

G1: KETOP/SAL VAS pain: G1oG2 at all

time points until 10 h

G2: SAL/KETOP No. of patients requiring

rescue analgesia:

G1oG2 at 2, 4, 6, 8

and 10 h

Norris et al.169 Ambulatory knee

arthroscopy (127)

2, 6, 4 GA plus: 50mg p.o. 1 h preoperation 30min

postoperation

4 Preventive effect – no

G1: DICLOF/PLA Preemptive effect – no

G2: DICLOF/

DICLOF

Functional Score: No

differences at 0, 1, 2

and 3 days

G3: PLA/DICLOF VAS pain: No differences

at 1, 2 and 3 days

Nakayama

et al.170
Abdominal

hysterectomy (45)

1, 2, 4 GA plus epidural

BUP post-op

plus:

1mg/kg i.v. 30min preoperation At end of surgery 3 Preventive effect – yes

G1: SAL/SAL Preemptive effect – yes

G2: FLURBIP/SAL VAS-R: G2oG1=G3 at

15 and 24 h

G3: SAL/FLURBIP VAS-C: G2oG1=G3 at

24, 48 and 72 h

N of diclofenac in 24 h:

G2 =G3oG1

Bugter et al.171 Total hip surgery (50) 1, 2 Sedation (i.v.) plus

spinal

anesthesia plus:

600mg p.o. TID for 2 weeks until

surgery

na 2 Preventive effect – no

G1: IBU/na

G2: PLA/na

(Continued over )



Salonen et al.172 Tonsillectomy (106) 1, 2, 4 GA plus

postoperative

KETOP infusion

3mg/kg for

24 h plus:

0.5mg/kg i.v. bolus After induction but

preincision

In the PACU 5 Preventive effect – na

G1: KETOP/SAL Preemptive effect – no

G2: SAL/KETOP

G3: SAL/SAL

Lim et al.173 Cesarean section (48) 1, 4 Spinal anesthesia

plus:

100mg p.r. na After Cesarean

section

3 Preventive effect – yes

G1: na/DICLOF VAS-M: no inter group

differences post-

operation

G2: na/na PCEA consumption:

G1oG2 at 12–18 h

Total PCEA

consumption:

G1oG2 at 24 h

O’Hanlon et al.60 Ambulatory breast

biopsy (73)

2, 2a GA plus wound

infiltration with

BUP at end of

procedure plus:

20mg i.v. 30min preoperation At induction of

anesthesia

4 Preemptive effect – yes

G1: TENOX/Nad VAS pain: G1oG2 at 30,

60, 120 and 240min

G2: NadTENOX No. of patients requiring

additional analgesia:

G1oG2

Demerol and DICLOF

usage for first 4 h:

G1oG2

BID, twice daily; BUP, bupivacaine; CELECOX, celecoxib; DICLOF, diclofenac; G, group; GA, general anesthesia; IA, intaarticular; IBU, ibuprofen; IV, intravenous; KETOP, ketoprofen; KETOR, ketorolac; min, minutes; na, not
applicable; Nad, nothing administered; OXYCOD, oxycodone; PACU, postanesthetic care unit; PARACET, paracetamol (acetaminophen); PCA, patient controlled analgesia; PCEA, patient controlled epidural analgesia; PIROXI,
piroxicam; PLA, placebo; p.o., per os; p.r., per rectum; ROF, rofecoxib; SAL, saline; TENOX, tenoxicam; TID, three times daily; VAS-C, visual analog scale pain score when coughing; VAS-R/M, visual analog scale pain score at
rest/movement.
aThe classification of this study as evaluating preemptive analgesia is not entirely accurate. While it does evaluate the effect of altering the timing of administration, it does not do so before versus after incision.



Table 9.9 Studies examining the preemptive and preventive effects of the NMDA receptor antagonists ketamine and dextromethorphan.

Author Procedure (No. of
patients)

Treatment
Combinations
(Figure 9.1)

Group: First
intervention drug/
second intervention
drug

Route and dose Timing of first
intervention

Timing of
second
intervention

Quality
score

Nature and time after
surgery of preventive
and/or preemptive
analgesic effects

Helmy and

Bali181
Upper-abdominal

surgery (60)

1, 2, 3 GA plus: 120mg i.m. 30min before

incision

30min before

end of

surgery

4 Preventive effect – na

G1: DEXTRO/SAL Preemptive – yes

G2: SAL/DEXTRO VAS-R/M: G1oG2 =G3

at 6 h

G3: SAL/SAL Total i.v. PCA pethidine

(meperidine)

consumption:

G1oG2=G3

Himmelseher

et al.182
Total knee

arthroplasty (37)

1, 2 Lumbar epidural ROP

plus:

Epidural 0.25mg/kg 10min before

incision

na 5 Preventive effect – yes

G1: SAL/na VAS-R/M: G2oG1 at

24 and 48 h

G2: KETAM/na Cumulative PCEA ROP:

Bilgin et al.183 Gynecologic

laparotomy

surgery (45)

2, 4, 5 GA plus: Bolus i.v. 0.5mg/kg Before induction of

anesthesia

followed by

infusion

Third intervention

after wound

closure (G3)

4 Preventive effect – yes

G1: KETAM/SAL/

SAL

Infusion i.v. 600mg/kg/
h (G2)

Preemptive effect –

opposite

G2: KETAM/KETAM /SAL VAS-R: G2 =G3oG1 at

0-24 h

G3: SAL/SAL/ KETAM VAS-C: G2 =G3oG1 at

24 h

i.v. PCA morphine:

G1 =G2 =G3 at

0–24 h

Kwok et al.184 Gynecologic

laparoscopic

surgery (135)

1, 2, 4 GA plus: 0.15mg/kg i.v. Immediately before

induction of

anesthesia

After wound

closure

5 Preventive effect – no

G1: KETAM/SAL Preemptive effect – yes

G2: SAL/KETAM VAS pain: G1oG2=G3

at 0 to 6 h

G3: SAL/SAL Cumulative i.m.

morphine:

G1oG2=G3

(Continued over )



Xie et al.185 Gastrectomy (45) 1, 2 GA plus PCEA post

op plus:

G1: 0.5mg/kg i.v. 15min before

incision

na 4 Preventive effect – yes

G1: KETAM/na G2: Epidural 0.5mg/kg VAS-R:

G2: KETAM/na G1oG3 at 24 h

G3: SAL/na G2oG3 at 24, 36 and

48 h

G2oG1 at 24, 36 and

48 h

Cumulative PCEA

morphine at 48 h:

G2oG1oG3

Ganne et al.186 Major ear, nose, and

throat surgery

(62)

1, 5 GA plus: Bolus i.v. 0.15mg/kg

followed by i.v.

infusion 2 mg/kg

Bolus just before

induction

followed by

continuous

infusion during

anesthesia

na 5 Preventive effect – no

G1: KETAM/na

G2: SAL/na

Adam et al.187 Total knee

arthroplasty

(40)

1, 8 GA plus: Bolus i.v. 0.05mL/kg

followed by

intraoperation

Just after induction

of anesthesia

Maintained at

second level

from initial

bolus until

emergence

from

anesthesia,

then reduced

until 48 h

postoperation

5 Preventive effect – yes

G1: KETAM/KETAM /

KETAM

Infusion i.v. 3mg/kg/
min then reduced

to 1.5 mg/kg/min
for 48 h

Maximal active knee

flexion at days 6

and 7: G14G2

G2: SAL/SAL/SAL Maximal active knee

flexion at 6 weeks

and 3 months:

G1 =G2

Katz et al.188 Radical

prostatectomy

(143)

1, 3, 5 GA plus: Bolus i.v. 0.2mg/kg

followed by i.v.

infusion

0.0025mg/kg/min

Bolus 10min before

incision followed

by infusion for

70min

intraoperation

Bolus 70min after

incision

followed by

infusion until

the end of

surgery

5 Preventive effect – no

G1: KETAM/SAL Preemptive effect – no

G2: SAL/KETAM VAS-R/M: no inter

group differences at

any time

G3: SAL/SAL Von Frey thresholds: no

inter group

differences at any

time

Cumulative i.v. PCA

morphine

consumption at

72 h: G1 =G2=G3

(but G1 vs G2 and

G1 vs G3; p= 0.08)

(Continued over )



Table 9.9 Studies examining the preemptive and preventive effects of the NMDA receptor antagonists ketamine and dextromethorphan (continued).

Author Procedure (No. of
patients)

Treatment
Combinations
(Figure 9.1)

Group: First
intervention drug/
second intervention
drug

Route and dose Timing of first
intervention

Timing of
second
intervention

Quality
score

Nature and time after
surgery of preventive
and/or preemptive
analgesic effects

Hourly PCA

consumption:

G1oG2=G3 from

48 h to 72 h

2 week follow-up: VAS-

R: G1 =G2=G3

Ozyalcin et al.189 Thoracotomy (60) 1, 2 GA plus: (G1) 1mg/kg i.m. 15min preoperation na 5 Preventive effect – yes

G1: KETAM1SAL/

na

Epidural (G2) 1mg/kg At 48 h: pinprick

hyperalgesia:

G2oG1=G3

G2: SAL1KETAM/

na

Pressure hyperalgesia:

G1 = G2oG3

G3: SAL1SAL/na Brush allodynia:

G2oG1oG3

Cumulative PCEA

morphine at 48 h:

G2oG1oG3

Cumulative PCEA

morphine BUP:

G2oG1=G3

15 day follow up

Brush allodynia:

G2oG1oG3

Pinprick hyperalgesia:

G2oG1=G3

Pressure hyperalgesia:

G2oG3

30 day follow-up

Brush allodynia:

G2oG1oG3

(Continued over )



Pin-prick hyperalgesia:

G2oG1oG3

Pressure hyperalgesia

No intergroup

differences

Yeh et al.190 Colonic surgery (90) 1, 5 GA plus thoracic

epidural plus:

DEXTRO i.m. 20mg 30min preincision Intraoperatively

until end of

surgery

3 Preventive effect – yes

G1: PLA/SAL Epidural 2 LID (8-

10mL/h)

VAS-C: G1 =G24G3 at

24 h

G2: PLA/LID Cum PCEA volume at

48 h and 72 h:

G14G24G3

G3: DEXTRO/LID

Wu et al.191 Laparoscopic

cholecystectomy

(100)

1, 2, 5 GA plus: DEXTRO i.m. 40mg 30min preincision na 4 Preventive effect – yes

G1: PLA1PLA/na LID i.v. 3mg/kg/h until

end of surgery

VAS-C:

G4oG2oG1=G3

at24 h

G2: DEXTRO1PLA/ na Cumulative i.m.

pethidine at 48 h:

G4oG3=G2oG1

G3: PLA1LID/na

Weinbroum

et al.192
Lower body surgery

(60)

1, 2 Epidural LID plus: DEXTRO p.o. 60mg

(G2)

90min preoperation na 4 Preventive effect – yes

G1: PLA/na DEXTRO p.o. 90mg

(G3)

3-day follow-up

G2: DEXTRO/na VAS Pain: G2 =G3oG1

G3: DEXTRO/na Analgesic use:

G2 =G3oG1

Kafali et al.193 Lower abdominal

surgery (60)

1, 2 GA plus: 150 mg/kg i.v. Before incision na 4 Preventive effect – yes

G1: SAL/na VAS pain: G2oG1 at

48 h

G2: KETAM/na Cumulative i.v. PCA

Morphine to 48 h:

G2oG1

i.v. PCA morphine:

G2oG1 at 24-48 h

Van Elstraete

et al.194
Tonsillectomy (40) 1, 5 GA plus: 0.5mg/kg i.v. bolus

followed by i.v.

infusion 2 mg/kg/
min

At induction of

anesthesia before

incision

Infusion

continued

until end of

surgery

5 Preventive effect – no

G1: KETAM/KETAM

G2: SAL/SAL

BUP, bupivacaine; DEXTRO, dextromethorphan; G, group; GA, general anesthesia; i.m., intramuscular; i.v., intravenous; KETAM, ketamine; LID, lidocaine; Na, not applicable; PCA, patient controlled analgesia; PCEA, patient
controlled epidural analgesia; PLA, placebo; ROP, ropivacaine; SAL, saline; VAS-C, visual analog scale pain score when coughing; VAS-R/M, visual analog scale pain score at rest/movement.



radical prostatectomy,188 and thoracotomy.189 There is
usually no rationale given for the patient population stu-
died, in spite of the fact that important differences clearly
exist among the various surgical procedures that may have
a bearing on the outcome of the results (e.g. duration of
procedure relative to that of the target agent, extent (deep
versus superficial) and nature (nerve, muscle, viscera) of
tissue damage and inflammation).

Ketamine has been administered by via the i.m.,189

i.v.,183, 184, 185, 186, 187, 188, 193, 194 and epidural182, 185, 189

routes. Two studies compared the route of administra-
tion, including 1.0mg/kg ketamine i.m. or epidurally189

and 0.5mg/kg ketamine i.v. or epidurally.185 In both
studies,185, 189[II] preventive effects were observed for
epidural ketamine compared with the other route.

Intravenous ketamine has been administered as a sin-
gle bolus dose,184, 185, 193 or as a bolus dose followed by a
continuous infusion183, 186, 187, 188, 194 for the duration of
the surgical procedure. Intravenous bolus doses of keta-
mine have ranged from 0.15 to 0.5mg/kg with infusions
ranging from 2–10 mg/kg/minute.

The three studies of epidural ketamine182, 185, 189[II]
administered a single, preoperative bolus dose
(0.25–1.0mg/kg) without infusion. All three showed sig-
nificant preventive effects; 48 hours after surgery, pain
intensity and postoperative analgesic consumption were
significantly lower in the ketamine-treated patients com-
pared with the placebo control condition.182, 185, 189[II] In
one study,189[II] patients were followed up 15 and 30 days
after surgery. At both follow-up assessments, brush-evoked
allodynia and pin-prick hyperalgesia were still significantly
less pronounced in the epidural ketamine group compared
with the i.m. ketamine and saline control groups. The
pattern of intergroup differences for pressure hyperalgesia
at the wound was the same for the 15-day follow up, but the
differences were no longer significant 30 days after surgery.

The surgical procedures were performed under general
anesthesia in all but one of the studies, the exception
being a positive preventive study of patients undergoing
total knee arthroplasty with epidural ropivacaine.182[II]

Of the ten studies evaluating ketamine, significant
preventive effects were observed in seven studies.182, 183,
184, 185, 187, 189, 193[II] One study183 showed a preemptive
effect that was opposite to what had been predicted in
that the group receiving i.v. ketamine after wound closure
reported significantly lower pain scores at rest and after
coughing up to 24 hours after surgery compared with the
preincisional group. As noted above, these results may
point to the relative greater efficacy in reducing central
sensitization of postsurgical i.v. ketamine versus pre-
operative blockade.

DEXTROMETHORPHAN

Surgical procedures for the four studies using dex-
tromethorphan include upper abdominal surgery,181

colonic surgery,190 laparoscopic cholecystectomy,191 and
lower body surgery.192 For all studies, dextromethorphan
was administered by the i.m. route as a single bolus dose
ranging between 20 and 120mg, either before surgery,89,
190, 191 or before versus during surgery.181 Intramuscular
dextromethorphan resulted in a preventive effect in
three89, 190, 191[II] of the four studies; pain intensity was
significantly lower between 24 hours190, 191[II] and three
days89[II] after a single bolus dose of i.m. dex-
tromethorphan. The one study181 that did not find a
preventive effect did, however, show a short-term pre-
emptive effect in that total patient-controlled analgesia
(PCA) opioid consumption, as well as pain at rest and
after movement six hours after surgery, were significantly
lower in the group that received dextromethorphan 30
minutes before surgery versus 30 minutes before the end
of surgery.

Taken together, the results of the studies that have
examined administration of ketamine or dex-
tromethorphan have proved quite successful in that
approximately 65 percent (11/17) of the effects reported
supported the efficacy of preemptive or preventive
analgesia. As shown in Table 9.3, almost 69 percent (9/13)
of the effects evaluating only preventive analgesia show
that preoperative ketamine or dextromethorphan
administration results in significantly lower pain intensity
and/or reduced analgesic requirements after the duration
of action of the NMDA antagonists have worn off (i.e.
after more than 5.5 half-lives). These results are very
similar to those reported by McCartney et al.67[I] in a
recent qualitative review of the preventive analgesia lit-
erature from 1966 to 2003. They found that among the
clinically available NMDA receptor antagonists, dex-
tromethorphan (67 percent (8/12) of studies) and keta-
mine (58 percent (14/24) of studies) showed the greatest
number of significant preemptive or preventive effects.
Their data show that 16 of the 30 studies (53 percent)
evaluating preventive analgesia only (i.e. excluding pre-
emptive analgesia) showed evidence of a reduction in
pain, analgesic consumption, or both beyond the clinical
duration of action of the drug concerned. The similarity
in outcome between the present review and that of
McCartney et al.67[I] is unlikely to be due to the two-year
(2001–2003) overlap in the literature reported since, of
the 3667[I] and 24 (present review) studies covered, only
three181, 182, 192 were common to both reviews.

The preponderance of positive studies of ketamine and
dextromethorphan may be due not only to the ability of
these agents to block the neural processes underlying
central sensitization,177 but in a related vein, to their
ability to attenuate the development of acute opioid tol-
erance7, 195 and reverse opioid-induced facilitation of
nociceptive processing.196, 197 Since opioids were admi-
nistered (as premedication or during surgery) in all but
three89, 182, 183 of the studies, preoperative administration
of ketamine or dextromethorphan may also have pre-
vented acute opioid tolerance, opioid-facilitated activation
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of NMDA processes, and opioid-induced hyperalgesia
relative to the control group leading to a reduction in
postoperative opioid requirements and postoperative pain
intensity in the preoperatively treated groups.

Multimodal analgesic therapy

The rationale for a preoperative multimodal approach to
postoperative pain management is to capitalize on the
combined actions of a variety of classes of analgesic and
anesthetic agents at different receptor sites in reducing
peripheral and central sensitization.198, 199 For the pur-
pose of the present review, we have defined a multimodal
regimen as involving administration of three or more
agents in combination. Expectations of the therapeutic
benefits associated with multimodal regimens include
improved efficacy, lower doses, and fewer adverse
effects.200

Table 9.10 describes the five studies115, 201, 202, 203, 204

that evaluated the effects of multimodal, combination
therapy on pain and analgesic consumption using pre-
emptive or preventive designs. The Jadad et al.72 quality
index scores of the five articles ranged from two to five
with a mean� S.D. of 4.2� 1.3. Surgical procedures
include breast cancer surgery,115 arthroscopic knee sur-
gery,201, 203 nephrectomy,202 and tonsillectomy.204 Of the
five studies, two201, 202 evaluated preemptive effects using
the classic design (treatment combination 2 versus 4 in
Figure 9.1) and one201[II] showed significant effects in
favor of the preoperative treatment. Two115, 204[II] of the
remaining three studies115, 203, 204 that evaluated preventive
effects found significant benefits that long outlasted the
clinical duration of action of the target agents. In a triple-
dummy, placebo-controlled study by Fassoulaki et al.,115

[II] patients undergoing breast cancer surgery received
placebo or preoperative gabapentin and transdermal
eutectic mixture of local anesthetics (EMLA) followed by
intraoperative ropivacaine irrigation of the brachial plexus
and several intercostal spaces. After surgery, patients
continued to receive placebo or gabapentin every six hours
for eight days in addition to transdermal EMLA daily for
three days. Three months (but not six months) after
surgery, patients in the multimodal treatment group had a
lower incident of axilla pain, arm pain, chronic pain, and
analgesic use compared with the placebo control patients.
Naja et al.204[II] compared the effects of no treatment with
a preincisional tonsillar infiltration of a placebo solution
or a solution containing lidocaine with epinephrine,
bupivacaine, fentanyl, and clonidine in 90 pediatric
patients undergoing tonsillectomy. Pain at rest, on jaw
opening, and when eating soft foods were all significantly
lower in the combination pharmacotherapy group for up
to at least one week after tonsillectomy. These studies
provide some of the strongest and most promising evi-
dence of the therapeutic benefits of a (prolonged115[II])
multimodal analgesic regimen.204[II]

The study by Rosaeg et al.,201 which compared a com-
bination of local anesthesia, morphine, epinephrine, and
ketorolac (treatment combination 2 versus 4 in Figure 9.1),
was designed to look at long-term outcomes as well (i.e.
preventive effects). The authors found that administration
of their three-component analgesic drug combination
resulted in lower pain scores in patients that received the
intervention before versus after surgery. Pain scores and i.v.
PCA morphine consumption were significantly lower
during the initial stay in the postanesthesia care unit
(PACU) (i.e. a positive preemptive effect). However, pain
scores did not differ significantly between the groups on
postoperative days one, three, and seven; thus there was no
measurable long-term advantage associated with pre-
emptive multimodal drug administration in arthroscopic
knee surgery (i.e. a negative preventive effect).201

At first glance, the results describing the multimodal
studies shown in Table 9.10 seem equivocal. However, it
is important to note the two studies201, 203 that reported
negative preventive effects and the one negative pre-
emptive study202 both lacked a placebo control group.
Thus, the conclusion that these multimodal interventions
do not exert a clinically relevant benefit may be incorrect.
Until similar studies are conducted with the appropriate
control condition(s), these conclusions are premature.

Other nonanalgesic agents

Table 9.11 describes the four studies that examined the
preemptive and/or preventive analgesic effects of other,
traditionally, nonanalgesic agents, including venlafaxine63

[II] (a serotonin and norepinephrine reuptake inhibitor
(SNRI)), promethazine205[II] (a histamine1 (H1) receptor
antagonist), nitroglycerine,206[II] and dexmedetomidine207

[II] (an alpha-2 agonist). All evaluated preventive effects
with the exception of the study by Chia et al.,205[II] in
which both preemptive and preventive effects were exam-
ined (treatment combination 1 versus 2 versus 4 in Figure
9.1). Thus, of the five effects examined, there were three
positive preventive effects,63, 206, 207[II] one negative pre-
ventive effect205 and one positive preemptive effect.205[II]

The most interesting and promising of these studies,
conducted by Reuben et al.63[II] and depicted in Figure
9.8, involved administration of venlafaxine 75mg or
placebo capsules to women (n= 50 per group) the night
before surgery and daily for two weeks after radical
mastectomy. Six month follow-up assessment revealed
that pain on movement, as well as the incidence of chest
wall pain, arm pain, axilla pain, chronic pain, and
analgesic use were all significantly lower in the venlafaxine
group. Consistent with the results of a rat study,208 the
authors suggest that the lower incidence of chronic neu-
ropathic pain six months after surgery may have been
result of an SNRI-induced reduction of activity in adre-
nergic nociceptive pathways that contribute to central
sensitization.63
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Table 9.10 Studies examining the preemptive and preventive effects of multimodal analgesic regimens.

Author Procedure (No.
of patients)

Design Group: First intervention
drug/second intervention
drug

Route and dose Timing of first
intervention

Timing of second
intervention

Quality
score

Nature and time after
surgery of preventive
and/or preemptive
analgesic effects

Fassoulaki

et al.115
Breast cancer

surgery (50)

1, 8 GA plus: GABA p.o. 400mg GABA starting 6 pm

preoperation and

every 6 h

thereafter

GABA – every 6 h

until 8th day

postoperation

5 Preventive effect – yes

G1: PLA1PLACRM/ SAL/

PLA1PLACRM

Irrigation ROP 10mL EMLA – 5min before

surgery

EMLA – sternal

area, close to

the wound,

around the

incision in the

axilla daily for

3 days

postoperation

3 month follow-up

G2: GABA1EMLA/ROP/

GABA1EMLA

Transdermal EMLA

20 g

Intraop – ROP

irrigation of

brachial plexus,

third, fourth, and

fifth intercostal

spaces

Incidence of:

axilla pain: G2oG1

arm pain: G2oG1

chronic pain: G2oG1

analgesic use: G2oG1

6-month follow up

no group differences in

pain or analgesic use

Rosaeg et al.,201 Arthroscopic knee

ligament

repair (40)

2, 4 GA plus: Femoral nerve block 15min before skin

incision

Immediately after

completion of

surgery

4 Preventive effect – no

G1: ROP1MORPH1EPI

1KETOR/Nad

ROP 20mL 0.25 Preemptive effect – yes

G2: Nad/ROP1MORPH

1EPI1KETOR

ROP i.a. 20mL 0.25 VRS Pain: G1oG2 at 0.5,

1, 1.5 and 2 h

MORPH i.a. 2mg

(plus EPI)

Cumulative i.v. PCA

morphine usage:

G1oG2 at 1, 2, 3, 4

and 5 h

KETOR i.v. 30mg

Holthusen

et al.202
Nephrectomy

(30)

2, 4 GA plus: 150 mg/kg i.v. 15min preoperation Immediately after

completion of

surgery

2 Preemptive effect – no

G1: MORPH1KETAM

1CLON/Nad

MORPH

G2: Nad/MORPH

1KETAM1CLON

150 mg/kg KETAM

Ng et al.203 Arthroscopic knee

surgery (63)

4, 4, 4 LID infiltration plus: BUP i.a. 150mg na At end of surgery 5 Preventive effect – no

G1: na/BUP ROP i.a. 150mg

G2: na/ROP ROP i.a. 150mg

G3: na/ROP1MORPH

1KETOR

MORPH 4mg

KETOR 30mg

(Continued over )



Naja et al.204 Pediatric

tonsillectomy

(90)

1, 2 GA plus: Preincisional

infiltration (each

tonsil 1.5mL)

mixture of

LID1EPI, BUP,

FENT and CLON

Before incision na 5 Preventive effect – yes

G1: LID1EPI1BUP1FENT

1CLON/na

VAS-R: G1oG2=G3 at 1,

2, 3, 4, 7 and 8 days

G2: SAL/na VAS-R: G1oG3 at 5, 6, 9

and 10 days

G3: Nad/na VAS pain on jaw opening:

G1oG2 =G3 at 1, 2, 3, 4,

7, 8 and 10 days

G1oG3 at 5 and 6 days

G1oG2 at 9 days

VAS pain when eating

soft foods:

G1oG2=G3 at 1, 2,

3, 4, 8 days

No. of patients taking

paracetemol

(acetaminophen):

G1oG2oG3 at 1, 2,

3, 4, 5 and 6 days

No. of patients taking

tramadol:

G1oG2oG3 at 1, 2 and

3 days

G1oG2 =G3 at 4 and 5

days

VAS-R: G1oG2=G3 at 1,

2, 3, 4, 7 and 8 days

BUP, bupivacaine; CLON, clonidine; EMLA, eutectic mixture of local anesthetics; FENT, fentanyl; G, group; GA, general anesthesia; GABA, gabapentin; i.a., inta-articular; i.v., intravenous; KETAM, ketamine; KETOR, ketorolac;
LID, lidocaine; MORPH, morphine; Nad, nothing administered; PCA, patient controlled analgesia; PLA, placebo; PLACRM, placebo cream; PO, per os; ROP, ropivacaine; VAS-R, visual analog scale pain score at rest; VRS,
verbal rating scale.



Table 9.11 Studies examining the preemptive and preventive effects of other nonanalgesic agents.

Author Procedure (No. of
patients)

Treatment
combinations
(Figure 9.1)

Group: First
intervention drug/
second
intervention drug

Route and Dose Timing of first
intervention

Timing of second
intervention

Quality
score

Nature and time after
surgery of preventive
and/or preemptive
analgesic effects

Reuben et al.63 Radical mastectomy

with axillary

lymph node

dissection (100)

1, 2 GA plus: 75mg p.o. Night before surgery

and daily for 2

weeks post-

operatively

na 5 Preventive effect – yes

G1: VENLAF/na At 6 month follow up:

G2: PLA/na Pain on movement:

G1oG2

6 month incidence of:

chest wall pain: G1oG2

arm pain: G1oG2

axilla pain: G1oG2

chronic pain: G1oG2

analgesic use: G1oG2

Chia et al.205 Total abdominal

hysterectomy

(90)

1, 2, 4 GA plus: 0.1mg/kg i.v. 30min preoperation At end of surgery 4 Preventive effect – na

G1: PROMETH/SAL Preemptive effect – yes

G2: SAL/PROMETH VAS-R/M: No inter group

differences to 24 h

G3: SAL/SAL Cumulative PCA MORPH:

G1oG2=G3 at 3, 6,

12 and 24 h

Unlegenc et al.207 Abdominal surgery

(60)

1, 2 GA plus: 1mg/kg i.v. for 10min 10min before

anesthesia

na 4 Preventive effect – yes

G1: PLA/na VAS pain: no inter group

differences up to 24 h

G2: DEXMED/na Cumulative PCA MORPH:

G2oG1 at 24 h

PCA morphine 12–24 h:

G2oG1

Sen et al.206 Hand surgery (30) 1,2 Sedation i.v. plus: LID i.v. 2 3mg/kg Immediately

preoperation

na 4 Preventive effect – yes

G1: LID/na NITRO i.v. 200 mg VAS for tourniquet pain:

G2: NITRO1LID/na G2oG1 at 30min

intraoperation

VAS pain: G2oG1 for 1st

4 h postoperation

DICLOF consumption:

G2oG1

PARACET consumption:

G2oG1

DEXMED, dexmedetomidine; DICLOF, diclofenac; G, group; GA, general anesthesia; i.v., intravenous; LID, lidocaine; min, minute; MORPH, morphine; NITRO, nitroglycerin; PARACET, paracetamol (acetaminophen); PCA,
patient-controlled analgesia; PLA, placebo; PROMETH, promethazine; SAL, saline; VAS-R/M, visual analog scale pain score at rest/on movement; VENLAF, venlafaxine.



RECOMMENDATIONS FOR FUTURE RESEARCH

Relationship between preexisting pain and
timing of analgesic administration

We know very little about the effects of preexisting, pre-
operative pain on the subsequent development of acute
and chronic postoperative pain. As it turns out, this
important issue prompted the very first controlled
study209[III] of ‘‘preoperative preemptive analgesia’’38

which suggested that epidural anesthesia started before
and continuing for the duration of surgery conferred
protection from long-term phantom limb pain six months
after surgery. These promising results were not supported
by a subsequent randomized trial evaluating the long-term
effects on phantom limb and stump pain of continuous
epidural morphine and bupivacaine administered 18
hours before, during and for about one week after lower
limb amputation.15 The control group received epidural
saline before and throughout surgical procedure followed
by epidural morphine and bupivacaine postoperatively.
There were no significant differences between the groups
in pain incidence, intensity, or opioid consumption at any
time up to 12 months after surgery.15

Other more recent studies in nonamputee populations
have examined the same issue as it pertains to the devel-
opment of acute, as opposed to chronic, postsurgical pain.
The data suggest that in the presence of presurgical pain,
preoperative administration of analgesics does not lead to
the anticipated lessening of postoperative pain or analgesic
consumption, perhaps because central sensitization has
already been established. Postoperative pain and analgesic
consumption were significantly reduced by pre- and intra-
operative epidural morphine, but not saline, for patients
who did not report presurgical pain.210[II] However, among
patients with presurgical pain, pre- and intraoperative
epidural morphine was no more effective than saline.210

This raises the important issue of what effect blocking
preoperative pain would have on the intensity of acute
postoperative pain. A recent study of patients undergoing
total knee arthroplasty showed that relief of preoperative
pain by epidural ropivacaine for at least 12 hours before
surgery, followed by intraoperative epidural ropivacaine,
reduced patient-controlled epidural analgesia (PCEA)
ropivacaine consumption 48 hours after surgery compared
with preoperative epidural saline and intraoperative epi-
dural ropivacaine.61[II] Based on these interesting and
controversial findings, future studies should report presence
(and duration) or absence of presurgical pain.

Offsetting the competing effects of opioid
analgesia and opioid-induced tolerance and
hyperalgesia

As noted above, recent basic science evidence points
to the possibility that under certain circumstances,

preoperative administration of opioid analgesics may
contribute to the establishment of acute opioid toler-
ance195 and opioid-induced hyperalgesia.197, 211 The
mechanisms underlying the reduced pain and opioid
consumption brought about by preemptive opioid
analgesia, and the increased pain and opioid consump-
tion underlying acute opioid tolerance and opioid-
induced hyperalgesia, involve competing processes
involving the NMDA receptor–ion channel complex.
These findings have important implications for the con-
duct of clinical studies evaluating the timing of admin-
istration of opioid analgesics since the main outcome
measures (pain and opioid consumption) will be directly
affected by the mechanisms underlying these competing
neural processes. The net effect of this competition is to
attenuate (or even reverse) the desired preemptive and
preventive effects. Coadministration of opioids and low-
dose NMDA antagonists or low-dose opioid antagonists
has been found to interfere with the development of acute
opioid tolerance7, 212 and opioid-induced hyperalgesia.213

A mechanism-based approach to postoperative pain
management involving coadministration of these agents
would be expected to facilitate the preventive and pre-
emptive analgesic effects of opioids in patients under-
going major surgery.

Recommendations to improve the quality of
studies

MEASURES OF PAIN

The most appropriate pain measurement instruments
are patient-rated pain scales that have demonstrated
reliability and validity (e.g. visual analog scale (VAS),
numeric rating scale, McGill pain questionnaire).214

Measurement of pain with the patient in a resting posi-
tion is reported by almost all studies. However, the
measurement of hyperalgesia is important. The simplest
and most clinically significant test of mechanical hyper-
algesia is to have the patient perform a standardized
movement after surgery (e.g. sitting up from a lying
position, inspirational spirometry) and rate the intensity
of the pain that ensues. More sophisticated measures of
primary and secondary mechanical and thermal hyper-
algesia include pressure algometry applied either on or
near the wound dressing215 or on the side of the body
contralateral to the incision,216 measurement of thresh-
olds to electrical stimulation,217 temperature,89 and use of
pinprick, brush,189 and Von Frey filaments58, 188 at a
distance from the wound to determine the extent of
secondary mechanical allodynia and hyperalgesia. Base-
line (preoperative) measures are important as is testing at
a control site (e.g. a noninjured body part) to rule out a
generalized effect due to factors such as anxiety, antici-
patory pain, or a response bias.
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MEASURES OF ANALGESIC CONSUMPTION

The degree of pain a patient experiences in the post-
operative setting is in part a function of postoperative
analgesic consumption. Use of patient-controlled
analgesia (either i.v. or epidural) as a modality for post-
operative pain management has dominated the pre-
emptive analgesia literature. This is largely because PCA/
PCEA is now the gold standard for postoperative pain
management at most institutions worldwide. Analgesic
consumption is usually the primary outcome measure
since patients self-administer the agent to achieve a
relatively constant pain level. However, from the point of
view of demonstrating preemptive analgesia, analgesic
consumption is not the most ideal measure because the
main hypothesis deals with pain and hyperalgesia.
Allowing pain to fluctuate by holding constant the level of
postoperative analgesics administered would be a more
direct test of the hypothesis, but this is not always feasible
or ethical given the evolving standards of pain manage-
ment practice.

Cumulative analgesic consumption at the end of the
study is a common measure, but report of a single value
may not provide specific enough information to pinpoint
exactly when the effect is observed. This point is not as
important if a postincision control group is employed.
However, it is especially relevant in studies that evaluate
the preventive effect of a preoperative intervention (i.e.
when comparing it to a placebo) since it is likely that the
largest difference in PCA consumption between treated
and untreated groups will occur around the time of peak
effect of the target agent used preventively. Cumulative
analgesic consumption at the end of the study may be
misleading depending on the pattern of consumption
over time. For example, if a difference in analgesic con-
sumption occurs within the first few hours after surgery,
when the effects of the analgesics used preventively are
still active, then this is an analgesic effect. Unless cumu-
lative analgesic consumption is reported at multiple times
across the study period, an analgesic effect may be mis-
interpreted as a preventive effect or a preventive effect
may be missed. Likewise, report of a single value for
cumulative analgesic consumption at the end of the study
may result in failure to detect the presence of group dif-
ferences at earlier time points. Another approach that
circumvents this problem is to calculate analgesic con-
sumption within intervals bounded by the times when
pain is assessed.54, 148, 218 This method has the advantage
of specifying an interval within which an opioid-sparing
effect has occurred.

SUMMARY AND CONCLUSIONS

Preoperative pain intensity is a risk factor for develop-
ment of severe acute postoperative pain, as well as long-
term postsurgical pain. Severity of acute postoperative

pain predicts pain after discharge and also is a risk factor
for chronic postsurgical pain. These findings have, in part,
fueled recent preventive and preemptive efforts to reduce
acute pain intensity and long-term pain problems by
blocking noxious perioperative inputs.

Overall, across the classes of agents reviewed, the
proportion of significant preventive and preemptive
effects is significantly greater than the proportion of
negative effects (p= 0.02, Table 9.4). The same is true for
the proportion of positive versus negative preventive
effects (p= 0.03, Table 9.4). Administration of these
agents appears to reduce pain, analgesic consumption or
both at a point in time that exceeds 5.5 half-lives of the
target agent. Since these extended effects are observed
after the clinical actions of the agents have worn off, they
are not analgesic effects. Rather, these effects appear to be
due to the reduction in perioperative peripheral and
central sensitization in the treated patients. The greatest
proportion of positive preventive effects were found for
the NMDA antagonists ketamine and dextromethorphan
for which significantly lower pain intensity and/or
reduced analgesic requirements were found in approxi-
mately 69 percent of the effects tested. In spite of the
heterogeneity in designs (Figure 9.3) across the 61 clinical
trials (69 effects) evaluated, it appears that, in general,
there is a benefit in terms of reduced pain and/or
analgesic consumption that extends beyond the duration
of action of the target drug.

The absence of a difference in the proportion of
positive preemptive versus negative preemptive effects is
understandable when one considers that both preinci-
sional and postincisional (or postsurgical) noxious inputs
contribute to postoperative sensitization.4[I] The most
likely conclusion is that for a certain proportion of studies
of preemptive analgesia, the postincision or postsurgical
administration condition is as beneficial in reducing
central sensitization as is the preoperative condition but
that these benefits go undetected when the comparison is
made between the two groups. The lack of a control
group in studies of preemptive analgesia is a serious
limitation that confounds interpretation of the results and
has contributed to the premature and erroneous conclu-
sion that there is no clinical benefit to preoperative
nociceptive blockade.

The continued use of incomplete designs that consist
of preincisional and postincisional or postsurgical con-
ditions without a standard treatment group or a complete
blockade condition will hinder progress in our under-
standing of the benefits of preemptive analgesia. Adhering
to the narrow definition of preemptive analgesia currently
accepted by many in the field will perpetuate problems of
interpretation and will not lead to the evolution and
progress that is needed to move us beyond the current
state of confusion. Inclusion of appropriate control con-
ditions is essential if we are to advance our knowledge
about the factors that contribute to acute postoperative
pain and enhance our ability to detect clinical benefits
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associated with blockade of noxious perioperative inputs.
Future work should focus on maximizing the prevention
of surgically induced sensitization by ensuring as com-
plete a blockade as possible of nociceptive transmission
throughout the three phases of the perioperative period.
Long-term follow-up studies are needed to assess the
efficacy of the perioperative interventions and to ascertain
the true incidence of chronic post-surgical pain.

Given the prominent role of psychosocial factors in
chronic pain219 and the recent recommendations for
assessment of core measures and domains in clinical
trials,220 relevant psychological, emotional, and physical
variables should be added to those routinely assessed
before and after surgery. Assessment of additional
domains of functioning may help to shed light on the
predictors of severe acute postoperative pain, the pro-
cesses involved in recovery from surgery, and the risk
factors for developing chronic postsurgical pain.57
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KEY LEARNING POINTS

� Nonsteroidal anti-inflammatory drugs (NSAID) given

rectally or by injection do not perform better or

faster than the same dose of the same drug given by

mouth.
� Topical NSAIDs are effective for acute pain of

musculoskeletal origin.
� Opioids by injection are effective in the treatment of

moderate-to-severe acute postoperative pain

(intramuscular�subcutaneousrintravenous/intravenous

patient-controlled analgesia (PCA)).
� Epidural opioid administration is superior to parenteral

routes of opioid administration.
� Transdermal iontophoretic opioid administration may be

as effective as opioids by injection.
� Other new formulations and systems of drug delivery

also show promise.

INTRODUCTION

Since antiquity, man has used the extracts of plant pro-
ducts to produce medicaments which have then been
ingested. The Ebers Papyrus (circa 1552BC) provides evi-
dence of the medicinal use of the dried powdered extract
of unripe capsules of the poppy head (opium), in ancient
Egyptian prescriptions. Salicylic acid, a constituent of
several plants, has an equally long history of use as
a medicament. The Ebers Papyrus recommended the
application of a decoction of dried leaves of myrtle to
the abdomen and back to expel rheumatic pains from the
womb. Hippocrates in the fifth century BC recommended
the use of willow bark for pain in childbirth and for fever,

whilst Theophrastus at the beginning of the third century
BC provides the first authentic reference to the use of
opium. Throughout Roman times and the Middle Ages,
topically applied willow bark was used for its healing
effects and to relieve mild to moderate pain. Thomas
Sydenham introduced tincture of opium (laudanum) into
England in the latter part of the fifteenth century, but it is
Sir Christopher Wren who is credited in 1665 with the
first intravenous injection of laudanum into a dog using a
bladder attached to a sharpened quill. In 1763 Rev.
Edward Stone reported to the Royal Society on the
successful use of extract of the bark of the willow Salix
alba vulgaris in the treatment of fever. At the time, Stone
remarked on the extreme bitter taste. The techniques of



intranasal and inhalation administration of dried plant
extracts followed the discovery of tobacco. Although the
routes of administration of drugs continued to evolve up
until the end of the twentieth century, more recently
attention has focused on developing new formulations
and mechanisms for enhancing drug delivery. This trend
has continued (even since the first edition of this book),
such that there are now a wide variety of routes and
formulations available for administration of analgesic
drugs. Indeed the Food and Drug Administration (FDA)
recognizes 111 distinct routes for drug administration
(www.fda.gov/cder/dsm/DRG/drg00301). However, only
a proportion of these routes are appropriate for systemic
analgesic drug administration (Table 10.1). Furthermore,
some routes (e.g. dermal, intranasal, inhalational) can be
used for both systemic administration as well as topical
effect. This chapter will consider the available routes
for systemic (as opposed to topical) administration of
analgesic drugs before presenting the evidence for
advantage of one route of administration over another for
both nonopioid and for opioid analgesic drugs.

ORAL

The oral route is the most commonly used route of
administration and is the route of choice so long as the
gastrointestinal tract is intact and the patient is able to
take fluids by mouth. However, the delay between drug
administration and onset of effect is at least 20 minutes
and often much longer. Differences in rates of absorption
depend on whether tablets, capsules, suspension, enteric
coating, or slow-, sustained-, or controlled-release pre-
parations are used. In addition, absorption into the portal
circulation can result in significant presystemic meta-
bolism resulting in markedly reduced bioavailability of

the drug. Thus, oral dosing regimens may need to be
modified to take account of drug loss due to first-pass
hepatic metabolism. It is also preferable that drug meta-
bolites should be inactive and noncumulative.

Nonopioid analgesics

Nonsteroidal anti-inflammatory drugs (NSAID) as a
group are insoluble acidic compounds. The time to peak
plasma concentration (tmax) after oral administration in
humans has been determined for a number of NSAIDs
(Table 10.2). However, it has been noted for many
NSAIDs that peak analgesia is delayed after maximum
plasma concentration (Cmax). The speed of absorption of
ibuprofen can be increased using arginine and lysine
salts. Both are nonessential amino acids which improve
the rate of absorption of NSAIDs by enhancing transfer
across gastric and enteric mucosa. A similar acceleration
of absorption is achieved by linking the NSAID to b-
cyclodextrin (e.g. piroxicam).1[V] The tmax for a standard
oral formulation of ibuprofen to produce maximum
plasma concentration is approximately 1–1.5 hours after
oral administration. Ibuprofen arginine is absorbed much
more rapidly, with peak plasma concentration occurring
within 15–20 minutes,2[IV] while Cmax for ibuprofen
lysine occurs in 45 minutes.3[III] An equivalent dose of
ibuprofen arginine results in approximately 30 percent
higher Cmax than an identical dose of the standard for-
mulation. The relative bioavailability of the two pre-
parations is similar, as are the mean values for elimination
half-life, total area under the concentration–time curve
(AUC), apparent volume of distribution (Vd), and clear-
ance (CL).2[IV] Another formulation of ibuprofen (liquid
filled capsule; ibuprofen liquigel) has a kinetic profile
similar to ibuprofen suspension, with both a higher Cmax

and an earlier tmax than any solid tablet and onset of pain
relief in under 25 minutes.4[II] Similarly, an effervescent
solution of paracetamol (acetaminophen) halves the time
to onset of pain relief compared with tablet formulation
following dental surgery.5[II]

In surgical patients, oral ibuprofen arginine has a
similar efficacy profile to intramuscular ketorolac, both
being superior to placebo,6[II] whilst in postcesarian
section pain, the time to maximum analgesia of ibuprofen
arginine is similar to intramuscular ketorolac.7[II]
Feldene ‘‘melt,’’ a matrix of freeze-dried piroxicam in a
fast dissolving excipient, rapidly dissolves in saliva and is
swallowed as a solution. In a double-blind, randomized,
double-dummy study, Feldene ‘‘melt’’ provided equiva-
lent analgesia to rectal diclofenac when given 1 hour
before surgery.8[II] Speed of absorption is also increased
using a single isomer compared with a racemic mixture
of the same NSAID. Median values for tmax are shorter
(30 versus 75 minutes) and for Cmax are higher and less
variable with dexketoprofen trometamol than for racemic
ketoprofen.9[III] At least one clinical study has confirmed

Table 10.1 Routes of systemic drug administration.

Route of administration

Enteral Oral

Rectal

Parenteral (by injection) Intramuscular

Subcutaneous

Intravenous

Parenteral (other than by

injection)

Transdermal

Transmucosal Buccal

Sublingual

Intranasal

Inhalational

Neuraxial Perineural

Epidural

Intrathecal

Other Intra-articular

Intrawound
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a rapid onset of analgesic action of dexketoprofen. Fol-
lowing removal of impacted third molars, the time to
reduce pain by at least 50 percent was shorter in patients
treated with oral dexketoprofen trometamol than in
patients who had received oral ibuprofen (mean 0.9 ver-
sus 2.1 hours).10[II] There are a limited number of trials
of the few coxibs that are licensed for postoperative pain
relief. A Cochrane review has concluded that single-dose
oral celecoxib is at least as effective as paracetamol for
relieving postoperative pain, despite finding only two
trials of celecoxib that met their inclusion criteria.11[I] A
subsequent larger systematic review of 22 trials (2246
patients) concluded that preoperative oral coxibs (mainly
celecoxib and rofecoxib) were effective in reducing post-
operative pain, but were unable to draw any conclusions
from three trials comparing coxibs with traditional
NSAIDs.12[I]

Opioid analgesics

There are several formulations of oral morphine. For
simplicity, these can be considered as morphine in solu-
tion, immediate-release morphine tablets, and controlled-
release morphine tablets. After ingestion, oral morphine
undergoes significant first-pass metabolism. Peak plasma
concentrations occur within one hour of morphine in
solution and immediate-release tablets, while controlled-
release morphine tablets produce delayed peak plasma
concentrations at two to four hours, but long-lasting (up
to 24 hours depending on the formulation) analgesia.
Furthermore, a systematic review found no difference in
dose-corrected Cmax or tmax between morphine in solu-
tion and immediate-release morphine tablets or between
different morphine salts, and little difference between the
various controlled-release morphine formulations.13[I]
The potency ratio of oral to parenteral morphine is 1:6 for
acute pain, but 1:2 to 1:3 for nonacute pain (Table 10.3).

There are reports of the satisfactory14, 15[III] and unsa-
tisfactory16[II] use of oral morphine preparations in the
early treatment of postoperative pain. Nevertheless, oral
morphine administered regularly is superior to intra-
muscular morphine administered on-demand,17[II] but
the tendency for oral preparations to delay gastric emp-
tying would seem to be a significant disadvantage.15[II] A
number of other oral opioids can be used for post-
operative pain relief, including dihydrocodeine, oxyco-
done, and oxymorphone. A Cochrane review found that a
single dose of oral dihydrocodeine was inferior to ibu-
profen and does not provide adequate postoperative pain
relief.18[I] In contrast, a single dose of oral oxycodone is
of comparable efficacy to intramuscular morphine, albeit
at the expense of a high incidence of adverse effects.19[I]
Immediate-release oral oxymorphone is also effective
for postsurgical pain with a safety profile similar to oxy-
codone.20[I] In an early meta-analysis, oral tramadol
was found to have an analgesic efficacy comparable
with simple combination analgesics (tramadol 100mg
NNT 4.8),21[I] but a subsequent review suggested that the
overall analgesic efficacy of oral tramadol was similar to
equianalgesic doses of morphine.22[IV]

Controlled-release preparations have been used for
postoperative pain relief. There are conflicting reports of
the effectiveness of controlled-release oxycodone (usually
administered preoperatively) in the early treatment
of postoperative pain. However, a direct comparison of

Table 10.2 Pharmacokinetic data of various nonopioids.

Drug Bioavailability (%) Time to peak plasma
concentration tmax (h)

Half-life (h)

Oral Rectal

Paracetamol 60–70 30–40 0.4–0.9 �3

Celecoxib �40 2.0–4.0 9–11

Diclofenac 50–60 �65 2.0–3.0 2–3

Flurbiprofen 495 1.5–3.0 3–6

Ibuprofen 495 0.5–1.5 2–5

Indometacin 100 80 1.0–2.0 4–8

Ketoprofen �100 0.3 2–4

Ketorolac 80 0.5–1.0 4–6

Naproxen 95 1.0–2.0 10–20

Piroxicam �100 2.0 40–80

Tenoxicam 100 80 1.0–4.0 44–100

Adapted from published data.

Table 10.3 Potency of oral morphine relative

to other routes of administration.

Oral to Morphine potency ratio

Rectal 1:1

Subcutaneous 1:2

Intravenous 1:3–1:6
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controlled-release oxycodone with standard oxycodone
following joint arthroplasty surgery revealed that the
controlled-release formulation did not provide better pain
control than the immediate release formulation adminis-
tered regularly.23[IV] Nevertheless, both controlled-release
oxycodone24, 25[II] and controlled-release oxymorphone26

[IV] significantly reduce postoperative intravenous (i.v.)-
patient-controlled analgesia (PCA) opioid consumption,
whilst conversion from i.v.-PCA to regular controlled-
release oxycodone can provide adequate pain control for
up to seven days postoperatively.27[IV]

RECTAL

Rectal administration results in absorption directly
into the systemic circulation, with resultant greater drug
bioavailability. Correct placement of the suppository is
important; too high inside the rectum results in absorp-
tion into the superior rectal vein (which drains into the
portal system) rather than middle and inferior rectal
veins, resulting in greater first-pass metabolism. Similarly,
the formulation of the suppository affects the rapidity
of absorption: hydrophilic formulations result in much
more efficient and rapid absorption than fatty supposi-
tories.28, 29[IV] Hydrogels are biologically inert and
hydrophilic, expanding to two to four times their original
volume on hydration.

Nonopioid analgesics

Rectal administration is associated with a slow onset of
effect which may be influenced by patient factors, as well
as formulation. The bioavailability of rectally adminis-
tered paracetamol is only 30–40 percent, whilst the time
to peak plasma concentration is two to four hours.30[III]
There are no major pharmacokinetic differences between
infants o1 year and adults after rectal administration
of ibuprofen apart from a faster absorption.31[III] In a
single-dose crossover study comparing rectal with oral
administration of a diclofenac–codeine combination, the
AUC was similar but Cmax following rectal administration
was 50 percent of that following oral administration,
whilst tmax was prolonged.

32[IV] A liquid gel suppository
is associated with enhanced rectal bioavailability of ibu-
profen, higher initial plasma concentration and AUC,
than a solid suppository.33[III] The pharmacokinetics
of rectal ketoprofen are unaffected by whether a fatty or
gelatin-capsulated formulation is used, but surgery may
markedly influence absorption. Thus Cmax was decreased,
tmax was prolonged, and the absorption rate constant was
significantly lower with rectal ketoprofen in surgical
patients than in healthy controls.34[III] Furthermore, the
bioavailability of diclofenac suppositories is decreased by
insertion into a colostomy due to an increased first-pass
effect. Consequently, the dose of diclofenac suppository

should be increased with intrastomal insertion.35 How-
ever, there seems to be no significant difference between
rectal and parenteral, or for that matter oral, adminis-
tration of NSAIDs36[I] or of paracetamol37[I] for post-
operative pain relief. In renal colic, NSAIDs are as
effective as opioids,38[I] but although rectal administra-
tion is inferior to intravenous administration,36[I] it is
associated with fewer side effects than either intravenous
administration39[II] or opioids.37[I]

A reduction in adverse gastric effects is the perceived
advantage of NSAIDs as a suppository, but although
rectal administration of NSAIDs can reduce adverse
gastric effects, there is marked variation between NSAIDs
in the extent to which gastric mucosal damage is
systemically or topically mediated. In the case of
naproxen, damage is almost entirely topically mediated
and use of a suppository formulation is not associated
with gastric mucosal damage.40[III] Nevertheless, rectal
NSAID administration is not without its own problems.
Proctitis has been reported with rectal indometacin
(indomethacin) administration in postoperative ortho-
pedic patients.41[II]

Opioid analgesics

In general, rectal opioid dosing roughly equates to oral
opioid dosing. Morphine suppositories have similar
bioavailability and duration of effect as oral morphine
with a potency ratio relative to oral morphine of 1:1.
Morphine is presented commonly as a hydrogel suppo-
sitory. Morphine hydrogel suppositories can provide
sustained analgesia over a long period of time. In a
volunteer study, morphine hydrogel suppository had
53 percent bioavailability, whilst Cmax was achieved in
30–60 minutes.42[III] In contrast, rectal administration of
codeine results in rapid absorption and identical plasma
concentration profile to that following oral administra-
tion.43[IV] In a comparison of morphine hydrogel
suppository, morphine-in-solution suppository, and
intravenous morphine in children, morphine hydrogel
suppository was associated with greater bioavailability
than morphine-in-solution suppository. Significant first-
pass metabolism occurred.44[III] Oxycodone supposi-
tories have a similar bioavailability to that of morphine,
but provide sustained analgesia over a longer period of
time (8–12 hours).45[IV] Morphine suppository inserted
into a colostomy results in much greater variability
in absorption than with the rectal route and is not
recommended.46[III]

INTRAMUSCULAR AND SUBCUTANEOUS

The intramuscular route is popular for analgesic drug
administration, but absorption can be erratic and repeat
needling is often necessary. This latter problem can be
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avoided by use of an indwelling cannnula, e.g. into the
deltoid muscle. Results are variable with respect to speed
of onset, intensity, and duration of analgesia. Injection
into a well-perfused muscle results in faster onset and
greater peak plasma levels than injection into a less well-
perfused muscle or indeed adipose tissue. There has also
been a resurgence of interest in subcutaneous adminis-
tration of opioid analgesics in acute and nonacute
pain management. Aqueous, nonirritating solutions are
preferred. Analgesic solutions should be concentrated
to ensure small volume. Nevertheless, the infusion site
should be changed regularly (every four days or so).
Absorption can be unpredictable. In general, sub-
cutaneous and intramuscular drug administration
regimens can be used interchangeably.

Nonopioid analgesics

As few NSAIDs can be given intramuscularly, there are
limited data comparing intramuscularly administered
NSAIDs with NSAIDs given by other routes. Oral ketor-
olac 10mg is at least as effective as intramuscular ketor-
olac 30mg.47[I] Furthermore, intramuscular ketorolac
60mg is comparable with parecoxib 40mg which is
equally effective whether administered intramuscularly
or intravenously.48[II] Preoperative intramuscular lor-
noxicam is more effective than intramuscular ketoprofen
in reducing postoperative pain.49[II]

Opioid analgesics

Traditionally, opioids have been given intramuscularly.
The precise muscle chosen is not important as long as it is
of sufficiently large bulk. Thus, morphine absorption is
similar from the gluteal and deltoid muscles.50[III] The
subcutaneous route is generally less painful than the
intramuscular one, although it may not be practical in
many patients, e.g. in patients with generalized edema.
Intermittent injections of morphine or diamorphine
subcutaneously seem to be as effective as the intravenous
or intramuscular routes with greater patient acceptance.51

[III], 52[IV], 53[II] An early study by Rutter and colleagues
suggested that the intravenous route of opioid adminis-
tration was superior to the intramuscular one.54[III] The
efficacy of injected morphine relative to that provided by
oral analgesics in patients with moderate to severe post-
operative pain has been examined in a systematic review
of randomized trials.55[I] The authors considered ran-
domized controlled trials of the use of opioids in the
management of postoperative pain. They were unable to
find any suitable studies of subcutaneous administration
and were able to find only one intravenous study. It was
only in the case of 10-mg intramuscular morphine that
sufficient numbers of patients were studied to allow
a pooling of results. A single intramuscular dose of

morphine had a number needed to treat (NNT) of 2.9
for at least 50 percent pain relief compared with placebo.
By comparison, a similar NNT of 2.7 for 400mg ibu-
profen has been reported by the same authors.

INTRAVENOUS

The intravenous route of analgesic drug administration
is the ‘‘gold standard’’ against which all other routes of
administration are compared. This is because of the
rapidity of onset of action associated with intravenous
drug administration and because it avoids uncertainty
of drug absorption. However, the plasma concentration of
drug following bolus dosing declines rapidly, resulting in
short-lived analgesia; this problem can be overcome by
using a continuous infusion.

Nonopioid analgesics

A number of NSAIDs are available for parenteral
administration. Despite the more rapid absorption rate
and shorter time to Cmax associated with parenteral
compared with oral administration, there is a delay in the
time to maximum pharmacological effect relative to the
time to peak plasma concentration. It has been shown,
using radiolabeled ketorolac, that the time to peak plasma
concentration after intravenous administration is
achieved in less than five minutes and more slowly after
intramuscular (45 minutes) and oral (30 minutes)
administration.56[III] Parenteral dexketoprofen is asso-
ciated with similar values.57[III] However, the time to
peak plasma concentration correlates poorly with onset of
analgesia, which does not reach a peak until 30 minutes
after i.v. administration. This delay in effect has also been
noted with ibuprofen2[IV] and aspirin.58[IV] Further-
more, serum ibuprofen concentration shows poor corre-
lation with clinical analgesia over time.59[III] The
evidence for an advantage of injected or rectal over oral
administration of NSAIDs has been examined in a sys-
tematic review of randomized controlled trials.36[I] The
authors considered randomized controlled trials of the
use of NSAIDs in the management of postoperative pain.
Only five trials satisfied the authors’ strict criteria for
internal sensitivity and validity. In comparisons of just
two drugs, diclofenac and ketorolac, across routes, they
found no evidence of the superiority of one route over
another. Subsequently published studies of diclofenac,60,
61, 62[II] ketorolac,63, 64[II] dipyrone,65[II] and indome-
tacin,66, 67[II] have not contradicted these findings. A
systematic review of oral valdecoxib and intravenous
parecoxib for acute postoperative pain has also found no
evidence of the superiority of one route over the other.68

[I] Similarly, a study comparing oral versus intravenous
paracetamol following dental extraction found no differ-
ence in pain intensity between the two routes, although
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onset of analgesia was faster with intravenous para-
cetamol.69[II]

Opioid analgesics

The concept has been promoted that for every opioid
there is a minimum effective analgesic concentration
(MEAC) which can be expected to provide freedom from
severe pain in at least 95 percent of cases.70[III] Therefore,
intravenous infusion regimens should aim to achieve and
maintain this concentration, usually by means of a bolus
loading dose followed by an infusion rate set to equal
elimination rate. Unfortunately, there is great inter-
individual variability, with MEAC varying four-fold in
patients recovering from surgery.71[III] Although MEAC
has not achieved widespread acceptance, a recent study
has found evidence to support the concept of a ther-
apeutic window for fentanyl.72[III]

In practice, it is simpler to titrate to effect rather than
to a predetermined plasma concentration. Intravenous
opioid bolus dose titration is a simple and effective
technique used to obtain pain relief, particularly in the
postanesthesia care unit (PACU) or recovery ward. A
predetermined dose of opioid is administered intra-
venously at fixed time intervals until pain is relieved, this
is then followed by subcutaneous opioid administration
after a further time interval.73[IV]

Patient-controlled analgesia

Patient-controlled analgesia is a further development of
intravenous analgesic delivery. PCA refers to the on-
demand, intermittent, self-administration of an analgesic
drug (predominantly opioid, but other classes of drugs can
be used) by a patient. The traditional route of drug
delivery has been intravenous (i.v.-PCA), but the sub-
cutaneous (s.c.-PCA), epidural (patient-controlled epi-
dural analgesia; PCEA), and intranasal (i.n.-PCA) routes
can also be used. The quality of analgesia is normally good
and allows for wide interpatient variation. The basic
variables of PCA are demand (bolus) dose, lockout interval
(length of the time between patient demands), background
infusion rate (if used), and hourly or four-hourly limit.

Intravenous PCA is more effective than conventional
administration of opioid analgesics with no increase in
opioid-related side effects,74[I], 75[1I1], 76[III] whilst
subcutaneous PCA is as effective as intravenous PCA,77

[II] but see Chapter 11, Patient-controlled analgesia, for a
more detailed analysis.

TRANSDERMAL

Transdermal drug delivery allows for slow but controlled
release of drug with avoidance of first-pass metabolism.
Unfortunately, the skin provides an impermeable barrier

to most molecules, although highly lipid-soluble drugs
can penetrate into and beyond the stratum corneum by
passive diffusion. Uptake from skin capillaries provides
the basis for systemic efficacy, but skin blood flow can
virtually cease with extreme vasoconstriction and can
increase by up to ten-fold with vasodilatation. Drug
delivery rate with the earlier patches was dependent on a
rate-controlling membrane, such that the area of the
applied patch determined the dose. However, with the
newer transdermal therapeutic matrix systems there is no
drug reservoir or rate-controlling membrane as the opioid
is dissolved in the adhesive matrix itself. Washin and
washout of drug after patch removal tends to be slow,
probably because the skin acts as a depot for the drug.
Various physical methods have been developed to over-
come some of these obstacles, including microporation,
liposome encapsulation, needleless high pressure gas
jet injectors, ultrasound sonophoresis, pulsed magnetic
fields, and iontophoresis.78 The technique of iontophor-
esis has proved particularly useful in overcoming some of
the problems inherent in transdermal drug administra-
tion. In this method of transdermal administration,
electrically charged molecules of ionized drug are pro-
pelled through the skin by an external electrical field
(electrorepulsion). Further increase in transdermal drug
permeation can be achieved by combining iontophoresis
with chemical enhancers and sonophoresis.79

Nonopioid analgesics

Transdermal penetration varies considerably among
NSAIDs. An in vitro study using human skin has inves-
tigated the transdermal absorption of a series of
NSAIDs.80 The authors found that diclofenac had the
highest in vitro transdermal penetration whilst ketoprofen
had the highest flux, but ketorolac provided plasma
concentrations at steady state that were closest to ther-
apeutic concentration. These findings suggest that ketor-
olac might be suitable for formulation as a transdermal
delivery system. For other NSAIDs, the formation of an
eutectic mixture with a permeation enhancer may
markedly increase transdermal permeation. Feasibility
studies conducted on a membrane-controlled transder-
mal drug delivery system indicate that oleic acid provides
the maximum enhancement of permeation of ketoprofen
across an artificial membrane.81 An increase in ketoprofen
loading also increased permeation. An in vitro investiga-
tion of permeation of ibuprofen–terpene mixtures
across human epidermal membranes showed a significant
increase in transdermal penetration and a greater than
12-fold increase in flux compared with an aqueous
solution of ibuprofen.82 The profile of distribution of
ibuprofen within the tissues differs with transdermal
or oral administration.83[IV] Oral administration is
associated with higher concentrations of ibuprofen in
plasma and synovial fluid than transdermal application.
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Conversely, higher concentrations of ibuprofen are found
in the subcutaneous tissue and muscle directly beneath
the site of application. This might explain the advantage
of transdermal over oral administration of ibuprofen in
the management of pain of muscular origin.84[III]

An early review considered that topical NSAIDs were of
uncertain value in the treatment of soft-tissue injuries and
called for more convincing evidence.85[IV] A recent sys-
tematic review of the evidence that topical NSAIDs are
effective and safe for soft-tissue injuries, strains, sprains,
and minor trauma (but not postoperative pain) has come
to the same conclusions as an earlier review.86, 87[I] The
authors reviewed studies which were either placebo-con-
trolled or compared different topical NSAIDs, formula-
tions, or routes of administration. Only three trials in their
sample compared topical with oral NSAIDs, one of which
included a placebo control. In acute painful conditions,
topical NSAIDs are significantly better than placebo over a
period of one week. The number needed to treat was
3.9. Pooling data for each drug indicated that, of the drugs
studied, ketoprofen, felbinac, ibuprofen, and piroxicam
were significantly superior to placebo. However, none of
the three studies comparing topical with oral NSAID
showed significant benefit of topical over oral NSAID.
Local or systemic effects were rare. The same group has
conducted a systematic review of the evidence that topical
rubefacients containing salicylates are effective and safe
for acute (soft-tissue injuries, strains, sprains, and minor
trauma) pain. They identified only three eligible trials.
Based on this limited information, they concluded that
such preparations were significantly better than placebo
(NNT, 2.1) and adverse events were rare.88[I]

Opioid analgesics

Highly lipophilic opioids are ideally suited to transdermal
delivery. Thus, the transdermal fentanyl patch system
provides sustained delivery of fentanyl at a constant rate
for up to 72 hours, varying between 25 and 100 mg/hour
depending on the patch. Unfortunately, there is a con-
siderable delay between patch application and minimum
concentration for effective analgesia (412 hours) and
tmax (417 hours).89[III] The delay in achieving an
adequate blood fentanyl concentration may be due to
depot accumulation of the drug within the skin under the
patch before the drug diffuses into the systemic circula-
tion.89[III] Two systems of transdermal fentanyl delivery
are currently available; the original ‘‘transdermal reser-
voir’’ system and a new ‘‘drug-in-adhesive matrix’’ system.
The two systems are comparable with respect to bio-
equivalence and patient tolerability.90[III] Buprenorphine
is also available as a drug-in-adhesive matrix delivery
system, but in a comparative study with fentanyl the
system was associated with greater skin irritation than
the fentanyl matrix system.91[III] Clinical studies of
transdermal fentanyl in the management of acute,

nonstable pain, such as postoperative pain, have revealed
wide variability in clinical effect. In some clinical trials,
transdermal patches were applied up to eight hours before
surgery in an attempt to circumvent the slow washin of
fentanyl. Unfortunately, the therapeutic benefits of
transdermal fentanyl are largely outweighed by the risks.92

[II] Hypoventilation is the most serious adverse respira-
tory event, being especially common in opioid-naive
patients when there is no opportunity for dose titration.
Consequently, transdermal fentanyl administration is not
recommended for postoperative pain relief,93, 94[II]
although subsequent studies of transdermal fentanyl for
postoperative pain sought to avoid additional opioid
administration by utilizing intramuscular ketorolac.95

[III], 96[II]
Studies of iontophoretically delivered opioids have

been encouraging. Unlike passive transdermal fentanyl
delivery, absorption of fentanyl (and of sufentanil) is
rapid with no evidence of a skin depot.97 A fentanyl HCl
patient-controlled transdermal system (PCTS) for ionto-
phoretic analgesia was granted market authorization by
the European Union in January 2006; in North America,
FDA approval was granted in May 2006. In a crossover
study of healthy subjects, the system was shown to have a
similar pharmacokinetic profile to intravenous fentanyl
infusion.98[IV] Furthermore, in a study of 636 patients,
the efficacy of fentanyl HCl PCTS was therapeutically
equivalent to a standard regimen of morphine i.v.-PCA.99

[II] The incidences of opioid-related adverse events were
similar in both groups, but erythema after system removal
occurred in more than half of patients and took up to
four weeks to resolve.99[II]

TRANSMUCOSAL

Buccal, sublingual, and intranasal routes of administra-
tion provide direct drug entry into the systemic circula-
tion with avoidance of the problems of presystemic
metabolism. These routes are also unaffected by the delay
in gastric emptying that occurs during the perioperative
period, which can limit the usefulness of orally admi-
nistered analgesic drugs. In addition to lipophilicity,
unionized drugs of low molecular weight have higher
transmucosal permeability. Furthermore, drug bioavail-
ability by these routes will depend on the proportion of
drug swallowed. Mucoadhesive microparticulate drug
delivery systems have been developed to improve resi-
dence time on buccal, sublingual, and intranasal mucosa,
as well as drug dissolution rate.

Buccal and sublingual

NONOPIOID ANALGESICS

A buccal formulation of aspirin was associated with
buccal ulceration and is no longer available. In contrast,
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piroxicam loaded into microparticles shows promise as a
mucoadhesive sublingual drug delivery sytem.100

OPIOID ANALGESICS

Lipophilic opioid drugs exhibit better sublingual absorp-
tion than hydrophilic opioid drugs. Buprenorphine and
fentanyl are well absorbed at the pH level found in the
mouth. For these lipophilic opioids, a contact time of 2.5
minutes is sufficient to achieve extensive absorption. For
morphine, a very much more prolonged contact time (six
hours) is necessary before buccal bioavailability becomes
equivalent to that of the intramuscular route.101[IV] The
time to maximum plasma concentration following buccal
administration is longer than with oral administration,
but Cmax is the same.102[IV] In another study, buccal
morphine bioavailability was o20 percent and Cmax was
reached at six hours.103[IV] Changing the formulation
may help. A new bioadhesive buccal morphine tablet can
be retained in place for up to six hours to provide sus-
tained analgesia.104[IV] Alternatively, sodium glycocho-
late may be useful as a permeation-enhancing agent.105

Studies of buccal morphine have been confined to its use
as a premedicant rather than in the treatment of post-
operative pain. In one study, buccal morphine (30mg)
resulted in a lower Cmax, worse absorption, and worse
analgesia than intramuscular morphine (10mg).106[IV] In
an early volunteer study, the pharmacokinetics and
bioavailability of a new aerosolized sublingual morphine
were the same as oral morphine, but there was a sugges-
tion that analgesia was more rapid in onset.107[IV] Cur-
rently, there is no evidence of any clinical advantage over
oral morphine of the buccal, sublingual, or even nebulized
sublingual routes for morphine administration. However,
the sublingual and transdermal routes of administration
of other more lipid-soluble opioids may constitute a
useful alternative to morphine. Oral transmucosal fenta-
nyl citrate (OTFC) lollipops in doses up to 20 mg/kg are
useful for premedication in children and for procedure
pain. Plasma concentrations rapidly reach levels asso-
ciated with analgesia and peak within 25 minutes.108[II],
109[II], 110[III] Rapid consumption is desirable as delay
results in decreased absorption. Although experience is
limited, OTFC is unlikely to be of great use in post-
operative pain.111[II] Fentanyl effervescent buccal tablet
(FEB) may be a promising alternative, having a sig-
nificantly faster tmax and greater Cmax than OTFC.112[IV]

Intranasal

Intranasal drug delivery takes advantage of the significant
systemic absorption that occurs throughout the nasal
mucosa. However, drug-metabolizing enzymes are pre-
sent in the nasal mucosa that may create a pseudo-first-
pass effect,113 although the significance of this effect is
not known.114

OPIOID ANALGESICS

A number of opioids are available for intranasal admin-
istration, but most experience has been with butorphanol.
Butorphanol undergoes significant presystemic hepatic
metabolism, resulting in a low oral bioavailability of
5–17 percent. This compares with a bioavailability of
approximately 70 percent when administered intranasally.
Intravenous, intramuscular, and intranasal administration
results in similar plasma concentration-time curves.
Onset of analgesia occurs within 15 minutes, with peak
concentrations reached 30–60 minutes after intranasal
administration.115[IV] Table 10.4 outlines the pharma-
cokinetics of other intranasally administered opioids.
The pharmacokinetics of intranasal butorphanol are
unaffected by inflammation of nasal passages, as in
allergic rhinitis. In contrast, nasal vasoconstriction sig-
nificantly decreases Cmax and extends tmax, but AUC and
absolute bioavailability are not affected.115[IV] In a
single-dose study, intranasal butorphanol provided simi-
lar analgesia to intramuscular pethidine (meperidine) in
postoperative patients with moderate to severe pain.116

[II] In a multiple dose study, intranasal butorphanol
provided similar analgesia to intravenous butorphanol
in postcesarian section pain. Intravenous butorphanol
resulted in a more rapid onset of action (5 versus 15
minutes), but intranasal butorphanol was associated
with a significantly longer duration of analgesia.117[II]
Intranasal diamorphine, although associated with fewer
side effects, is less effective than i.v.-PCA diamorphine
in the early postoperative period,118[II] whilst intranasal
pethidine is superior to subcutaneous pethidine with
a similar incidence of nausea and vomiting.119[IV]
Intranasal fentanyl provides similar analgesia to intra-
venous fentanyl in children120[II] and in adults.121[II], 122

[III], 123[IV] with rapid (o5 minutes) onset.123[IV]
However, as a result of stinging associated with the
intranasal spray, patients tend to prefer the intravenous
over the intranasal route of administration.123[IV]
Intranasal sufentanil also provides effective postoperative
analgesia.124[IV]

Table 10.4 Pharmacokinetics of intranasal opioids.114

Drug Bioavailability
(%)

Time to peak plasma
concentration tmax (min)

Alfentanil 65 9

Buprenorphine 48 30

Butorphanol 71 49

Fentanyl 71 5

Hydromorphone 55 20

Oxycodone 46 25

Sufentanil 78 10

Adapted from published data.
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INHALATIONAL

The lungs provide a large potential area for absorption
of analgesic drugs. However, unless nebulization results
in the correct droplet size, very little drug will reach the
alveoli. NSAIDs have not been administered by this route
and there is limited experience of nebulized opioids
administered as an aerosol.

Opioid analgesics

Aerosolized morphine results in dose-dependent analgesic
blood concentrations of morphine within five minutes. In
a comparison of inhaled morphine with intramuscular
morphine, Chrubasik and colleagues found that the
maximum serum morphine concentration following
inhaled morphine was six times lower than that following
intramuscular morphine.125[IV] Another study compared
systemic absorption of nebulized morphine with oral
morphine in healthy subjects.126[II] The bioavailability of
inhaled morphine was 5 percent (i.e. only one-twentieth
of the nebulized dose reached the lungs), where it was
rapidly absorbed, with the result that Cmax was reached
sooner than with the oral route. These authors concluded
that it was a rapid but inefficient method of administering
morphine. Morphine bioavailability with a new aerosol
delivery system was increased to 59 percent, of which 43
percent was absorbed instantaneously with an onset to
effect time similar to intravenous administration.127[IV]
A fixed metered dose of aerosolized fentanyl has been
compared with the same dose administered by intra-
venous injection in volunteers. The pharmacokinetics of
fentanyl by the pulmonary route were similar to intra-
venous administration. The bioavailability was 100 per-
cent, having exceeded 50 percent within five minutes. Side
effects were similar.128[IV]

PERINEURAL

In contrast to all of the preceding routes of drug
administration, analgesic drugs may be delivered by direct
neuraxial administration to peripheral and spinal
(encompassing epidural and intrathecal) nerves. There is
now extensive clinical experience with direct neuraxial
administration of opioid analgesics for postoperative pain
management.

Opioid analgesics

The evidence that opioids injected, with or without local
anesthetic, close to nerve trunks or nerve endings may
have an analgesic effect has been examined by Picard and
colleagues.129[I] The authors considered randomized
controlled clinical trials in which an opioid, with the

specific exception of pethidine, was injected into the
brachial plexus, Bier block, or perineural or other sites.
The authors concluded that the trials provided no evi-
dence for a clinically relevant peripheral analgesic efficacy
of opioids in acute pain.

EPIDURAL

Drug administration into the epidural space must pass
through the dura and into the intradural space in order to
reach the spinal cord. There is some drug loss because of
absorption into the systemic circulation and some loss
because of absorption into the extradural fat, where it acts
as a depot. The concentration of opioid in cerebrospinal
fluid (CSF) required for analgesia is very low. In addition
to high lipid solubility, the molecular weight, molecular
size, drug concentration, and receptor binding affinity of
opioids are also important characteristics. Opioids may
be administered as intermittent injection, continuous
infusion, or even as PCEA. As Chapter 13, Epidural and
spinal analgesia, provides a comprehensive analysis of the
epidural route of analgesic administration, only a brief
review follows.

Opioid analgesics

The lipophilicity, site of injection, and mode of injection
(bolus, infusion, or PCEA) all influence the efficacy
of epidurally administered opioids. Onset of analgesia
is most rapid with lipophilic opioids,130[III] whilst
bolus dose administration provides analgesia that is
superior to the same dose given parenterally.131[I]
Administering opioids by the epidural route provides
analgesia that is superior to i.v.-PCA,132, 133, 134, 135[II]
and epidural opioid infusions are superior to the same
drug given as a continuous intravenous infusion.136[I]
Furthermore, PCEA opioid administration is superior to
i.v.-PCA.137, 138, 139[II] Also, compared with systemically
administered opioids, epidural opioids are associated
with a reduced overall incidence of pulmonary compli-
cations.140[I] Finally, extended-release epidural morphine
(EREM) is a liposomal morphine preparation that
has been recently granted FDA approval. There have
been few trials of EREM, but in a comparison with
standard epidural morphine, EREM provided better
and more prolonged analgesia in postcesarian section
patients.141[II]

INTRATHECAL

A more detailed analysis of intrathecal analgesic admin-
istration can be found in Chapter 13, Epidural and spinal
analgesia.
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Nonopioid analgesics

Numerous animal studies attest to the efficacy of intra-
thecally administered NSAIDs. However, only one case
series has shown that an intrathecally administered
NSAID (lysine acetylsalicylate) can relieve intractable pain
in humans.142[III] So far, no clinical trials have been
conducted.

Opioid analgesics

Direct injection of opioid into the CSF is associated with
potent segmental analgesia using much smaller doses of
opioid. The dose employed is commonly one-fifth of that
required for epidural analgesia. Onset is also faster than
the epidural route. Lipid solubility is important in deter-
mining the extent and duration of analgesia. Thus,
intrathecal fentanyl provide short-acting, intense analge-
sia, whereas morphine provides more prolonged anal-
gesia.143[II], 144[II], 145[III] Furthermore, intrathecal
morphine provides superior postoperative pain relief
compared with i.v. patient-controlled morphine analgesia
alone.144[II] Although single-bolus dosing is usual,
indwelling subarachnoid catheters for continuous infusion
are available in some countries. Combining intrathecal
bolus dosing with a continuous epidural catheter infusion
technique (combined spinal epidural (CSE)) offers many
potential advantages over continuous epidural analgesia
or intrathecal analgesia methods alone.146[IV]

OTHER

Other routes of analgesic drug administration include
intra-articular and intrawound injection. Morphine has
even been reported to have a systemic effect following
topical application to the eye in an animal model.147

Intra-articular

NONOPIOID ANALGESICS

Intra-articular injection of NSAIDs may be useful in the
treatment of acute, painful, local inflammatory processes,
rather than postoperative pain. In a study of periarticular
injection, tenoxicam 20mg was effective in alleviating the
pain of rotator cuff tendinitis.148[II] A systematic review of
intra-articular NSAID administration has confirmed the
effectiveness of this route for postoperative analgesia.149[I]

OPIOID ANALGESICS

The demonstration of endogenous opioid ligands in
inflamed synovium has led to the application of exo-
genous opioids directly into the joint capsule. The low

lipid solubility of morphine combined with the relatively
low blood flow to the articular region results in prolonged
analgesia (up to three days) associated with this route of
administration. The evidence that intra-articular injection
of morphine can reduce postoperative pain has been
examined in a systematic review of randomized con-
trolled trials.150[I] The authors considered 36 randomized
controlled trials of intra-articular morphine. Because of
the perceived prolonged analgesic effect by this route, they
sought evidence of efficacy in both early (up to six hours
after intra-articular injection) and late (6–24-hour) per-
iods. All of the studies comparing morphine with saline
that included an index of internal sensitivity demon-
strated efficacy of intra-articular morphine. Evidence for a
prolonged analgesic effect was more compelling than an
early effect. However, comparison of intra-articular with
parenteral morphine was less compelling. There were no
adverse effects attributable to intra-articular morphine.
Subsequent studies by De Andres and colleagues151[II]
and Kanbak and colleagues152[III] support these conclu-
sions, whereas Wrench and colleagues found no evidence
of peripherally mediated opioid analgesic effect.153[II]

Intrawound

Studies of wound infiltration with NSAIDs in post-
operative pain are inconclusive. A systematic review
found that no more than two out of five studies com-
paring intrawound NSAIDs with systemic administration
showed a significant analgesic effect.149[I]

SUMMARY

The choice of routes of administration and formulations
of analgesic drugs is bewildering.

Of the many different routes of administration, the
oral route is effective, the simplest to use, and usually
the least expensive. Nevertheless, alternative routes of
administration may be necessary for patients who are
unable to take drugs orally. The intravenous route has the
advantages of a rapid onset of action and ease of titration,
although other parenteral and neuraxial routes are also
effective. Furthermore, many of the new formulations and
systems of drug delivery that have been developed show
promise, but have yet to become universally adopted.
Delayed release formulations (oral, parenteral, or trans-
dermal) are best not used, at least intially, for the sole
management of acute postoperative pain.

NSAIDs and opioid, alone or in combination, remain
important components of any analgesic regimen. There is
no evidence, with the exception of paracetamol, that
NSAIDs given rectally or by injection perform better or
faster than the same dose of the same drug given by
mouth, although topical NSAIDs are effective for acute
pain of musculoskeletal origin. Intravenous paracetamol
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is associated with faster onset of analgesia than the oral
route, but there is no difference in pain relief between the
two routes. Opioids by injection are effective in the
treatment of moderate-to-severe acute postoperative pain
(intramuscular�subcutaneousrintravenous/i.v.-PCA).
Epidural opioid administration, with or without a back-
ground infusion, is superior to parenteral routes of opioid
administration. Finally transdermal opioid administra-
tion may be as effective as opioids by injection and
offers the prospect of effective needle-free pain control in
the future.

Thus, when immediate relief of severe pain is required,
intravenous injection, usually of an opioid, is the obvious
choice.154[IV], 155[I] Otherwise, with the exception of
the epidural route of opioid administration, as long as
the patient can swallow, there is no evidence for the
superiority of one route over another.
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KEY LEARNING POINTS

� The concept of patient-controlled analgesia (PCA)

commonly refers to methods of pain relief which use

electronic or disposable devices and allow patients to

self-administer analgesic drugs. However, it could/

should apply to any analgesic technique used in the

acute pain setting.
� PCA results in better pain relief than traditional (simple)

methods of opioid analgesia, although the magnitude of

the difference may be small.
� PCA is neither a ‘‘one size fits all’’ nor a ‘‘set and

forget’’ therapy. By making appropriate alterations to

the bolus dose, PCA can be tailored to suit the

individual patient.
� Individual titration of the loading dose is usually

required for each patient prior to starting PCA. If the

loading dose is omitted, patients are unlikely to obtain

good analgesia from PCA alone.
� The routine use of a background infusion with PCA in

opioid-naive patients does not improve pain relief or

sleep, but does increase the risk of respiratory

depression.
� The level of knowledge that nursing and medical staff

have about PCA may also influence the effectiveness

and safety of PCA.
� As with other methods of opioid administration,

the best early clinical indicator of respiratory

depression resulting from PCA opioids is increasing

sedation.
� There is little difference in efficacy between the opioids

used with PCA.

INTRODUCTION

The concept of patient control over the timing of
administration of analgesic drugs, as well as the dose
taken (albeit usually within a suggested dose range), has
been standard practice for many hundreds of years and
remains the common practice for analgesic medications
taken outside the hospital setting. In contrast, the idea
that patients may be ‘‘allowed’’ some control over the

timing and dose of analgesics needed for management of
pain in the hospital setting is relatively recent.

While the idea of patient control could apply to any
analgesic technique, the term patient-controlled analgesia
(PCA) more commonly refers to methods of pain relief
which use electronic or disposable devices and allow
patients to self-administer analgesic drugs. This chapter
will review the use of PCA and systemically administered
medications: discussion of PCA regimens used for



peripheral nerve, epidural, and other regional analgesia is
included in Chapter 12, Continuous peripheral neural
blockade for acute pain and Chapter 13, Epidural and
spinal analgesia.

In 1968, Sechzer1 investigated the analgesic response
to small intravenous (i.v.) doses of opioid given by a
dedicated bedside attendant to postsurgical patients able
to choose the timing of administration of additional
doses according to the pain perceived. Later, in 1971,
he described a machine that allowed patients to self-
administer 1mL bolus doses of either morphine or
pethidine (meperidine) as needed.2 He concluded that his
analgesic-demand system provided improved analgesia
compared with fixed-dose nurse-administered regimens.
Interestingly, the bolus doses delivered by his machine
were considerably smaller than those used today (just 0.2
or 0.5mg morphine and 2.0 or 5.0mg pethidine). He also
noted that analgesic requirements varied considerably
between patients.

Early PCA systems were the Demand Dropmaster,3

Demanalg,4 and Cardiff Palliator.5 Only the latter system,
which was able to deliver drugs at a variety of rates
and had adjustable parameters that were very similar to
modern-day machines, was available commercially.

Subsequent development of PCA machines has seen:
the ability to run continuous infusions in addition to
delivery of bolus doses; increases in security and data
output capacity; introduction of error reduction pro-
grams; and a choice of mains or battery power. In
addition, a variety of disposable delivery systems is now
available.

TYPES OF PCA EQUIPMENT

It is not possible in a chapter such as this to cover in detail
all the PCA devices available. The basic principles and
features of the various PCA systems are therefore covered
as generic groups.

Programmable PCA pumps

The earliest forms of PCA pumps were electronic. While
the basic principles involved have changed little over the
years, the introduction of sophisticated microprocessors
has meant that they are now more compact, more reliable,
and more flexible in use. All require disposable items,
e.g. generic or dedicated syringes or cartridges, and
tubing, to be used for each patient. Antisiphon valves
to prevent siphoning of drug from the drug reservoir
and antireflux valves to prevent backflow of drug into the
intravenous infusion line should also be incorporated into
the system.

The major advantage of these types of pumps is their
flexibility of use. Adjustments can be made to the dose
delivered and lockout intervals, background infusions can

be added, and accurate assessments can be made of the
total dose of drug delivered. In some, the rate of delivery
of the bolus dose can also be changed. In addition,
access to the syringe (or other drug reservoir) and the
microprocessor program is only possible using a key or
access code.

Disposable PCA devices

A variety of disposable PCA devices is now available
although, as yet, most are not widely used. They have the
major advantage of being portable and so do not hinder
patient mobility, and may not require i.v. access. How-
ever, these devices do not allow much flexibility in use. In
some, both the drug administered and bolus dose deliv-
ered are fixed; in others the drug and drug concentration
may be varied, but the volume of the bolus dose cannot
be changed. There are also security issues as the drug
reservoirs for these devices are more readily accessible.

Parenteral PCA devices

Many disposable PCA devices are based on the same
physical principle, that is the volume of pressurized fluid
delivered (dependent upon spring or elastomer techno-
logy) is determined by mechanical restrictions within the
flow path; the speed of filling of the bolus dose reservoir
determines the ‘‘lockout’’ interval.6

In a review of disposable infusion pumps, Skryabina
and Dunn6 summarized both advantages and dis-
advantages. Advantages include: small size and weight;
freedom from an external power source; elimination of
programming errors; and simplicity of use. Disadvantages
include: an inability to alter the volume of the bolus dose
delivered, add a background infusions, or to accurately
determine the amount of drug the patient has received;
the possibility of inaccurate flow rates; and long-term
costs.

Disposable pumps may also be used in conjunction
with patient-controlled epidural and other regional or
nerve block analgesia (see Chapter 12, Continuous per-
ipheral neural blockade for acute pain and Chapter 13,
Epidural and spinal analgesia).

Transmucosal PCA devices

Metered-dose, patient-controlled intranasal analgesia
(PCINA) devices are available that allow the intranasal
administration of a fixed dose of opioid. The drugs must
be administered in small volumes to avoid significant
run-off into the pharynx. It has been suggested that the
maximum volume given into each nostril should not
exceed 150 mL.7

Intranasal PCA devices were initially developed that
delivered spray doses of a reasonable dose but large
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volume (e.g. 25 mg fentanyl/0.5mL8, 9[II] or smaller
volume, but with smaller doses than commonly used with
i.v. PCA (e.g. 9mg fentanyl/180mL10[V]). Using a specially
formulated solution of 300 mg/mL fentanyl, Paech et al.
developed a device that enables fentanyl doses of 54 mg to
be delivered in just 180 mL.11[II]

Transdermal PCA devices

An iontophoretic transdermal PCA fentanyl system is
now available. It uses a low-intensity electric current to
drive the drug from the reservoir through the skin and
into the systemic circulation.12 Following activation, the
battery-generated electric current passes through the
drug-containing anode hydrogel (reservoir) ionizing the
fentanyl, which, as a positively charged molecule, is then
repelled from the positively charged anode (electrostatic
repulsion) and transported across the skin.13

The credit-card sized IONSYSTM device, which is
applied to the chest or upper outer arm, delivers a fixed
dose of 40 mg fentanyl over a ten-minute period following
a patient demand.12, 14 The device allows delivery of up to
six doses each hour, up to a maximum of 80 doses in 24
hours.13, 14 It must be replaced every 24 hours, is not yet
available in all countries, and is designed for in-hospital
use only.

In contrast to the passive transdermal fentanyl systems
commonly used for the treatment of cancer and chronic
pain (they are contraindicated for use in the management
of acute pain), when it may take 24 hours or longer for
peak blood concentrations to be seen, time to peak con-
centration of fentanyl using the IONSYSTM device is
about 40 minutes.13

ADJUSTABLE PCA PARAMETERS

The comments below apply to electronic microprocessor-
controlled PCA pumps and not the disposable PCA sys-
tems. As already noted above, the electronic PCA pumps
allow flexibility in use through variations in programmed
parameter settings. It is necessary to specify the required
parameter settings as part of the PCA ‘‘prescription’’ and
this should be done in a way that aims to maximize both
the efficacy and safety of the technique. It is therefore
important to have some appreciation of the role of
these variable parameters and the rationale for choosing
a particular setting.

Bolus dose

The bolus dose is the amount of analgesic drug the
patient receives after a successful demand. Its size can
influence the success or otherwise of PCA. If the dose is
too small, the patient may be unable to achieve adequate

analgesia; if the dose is too large, there may be excessive
side effects, reducing the safety of the technique and/or
discouraging the patient from using the machine.

The optimal bolus dose is one that provides consistent,
satisfactory analgesia without producing excessive or
dangerous side effects. In clinical practice, relatively
standard i.v. bolus doses such as morphine 1mg, fentanyl
10–20 mg, tramadol 10mg, hydromorphone 0.2mg and
pethidine 10mg are commonly prescribed. If this dose is
not ‘‘optimal,’’ and as long it is not too small, the patient
will be able to compensate to some degree by changing
their demand rate.15

In other patients, the size of the bolus dose will need to
be increased or decreased according to subsequent reports
of pain or the onset of any side effects. As Etches said,16

PCA is neither a ‘‘one size fits all’’ nor a ‘‘set and forget’’
therapy. By making appropriate alterations to the bolus
dose, PCA can be tailored to suit the individual patient.
In selecting the size of the initial bolus dose, factors
such as age and previous opioid use must also be taken
into account.

Relatively few studies have attempted to determine the
optimal dose. In one, patients were prescribed 0.5, 1, or
2mg morphine. Most patients who self-administered
0.5mg were unable to achieve good pain relief, while
patients who received 2mg with every demand had a high
incidence of respiratory depression.15[II] The conclusion
was that 1mg was the optimal dose of morphine.

Different doses of fentanyl have also been investigated.
Three different demand doses (20, 40, and 60mg) deliv-
ered over ten minutes were compared in patients after
major surgery. Based on efficacy and incidence of adverse
effects, it was concluded that 40mg was the optimal
dose.17[II]

Four different demand doses of fentanyl (10, 20, 30,
and 40 mg) were assessed for the management of
pain during burns dressings changes. Pain relief was
significantly better with the 30 and 40mg doses; no
patient became sedated or experienced nausea and
vomiting.18[II]

In a further attempt to obtain an optimal PCA dose,
a handpiece was designed by Love and colleagues19[II]
that allowed patients to choose between 0.5, 1, or 1.5mg
bolus doses of morphine. When the effectiveness of this
system was compared with a standard PCA machine,
there were no differences noted in analgesia, total
morphine doses, patient satisfaction, or nausea and
vomiting.

Lockout interval

Little work has been carried out to investigate the ‘‘ideal’’
lockout interval; that is, the time following the end of the
delivery of one dose during which the machine will not
administer another dose despite further demands by the
patient.
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So that the risk of side effects from the drug being
administered is minimized, the lockout interval should
ideally reflect the time necessary for the patient to
appreciate the effect of one bolus dose before another is
delivered, and would therefore be related to the drug
used. In practice, however, lockout intervals of five to ten
minutes are commonly prescribed for i.v. PCA, regardless
of the drug, and despite the fact that the full effect of i.v.
morphine (most commonly used in PCA) may not be
seen for 15 minutes or more.20 One study that looked at
the effects of varying the lockout interval from 7 to 11
minutes for morphine and five to eight minutes for
fentanyl, was unable to show any differences in analgesia,
anxiety, or side effects.20[II]

The route of administration will influence the rate
of uptake of a drug. If PCA is used to deliver opioids via
a route other than i.v., longer lockout intervals are
commonly used.

Loading dose

The loading dose is the amount of drug required to
achieve an initial level of analgesia, the minimum effective
analgesic concentration (MEAC). It can be administered
by presetting the PCA pump and allowing automatic
administration. However, a set dose is unlikely to be
effective for all patients. There are enormous interpatient
differences in loading dose requirements and the total
dose that will be necessary is impossible to predict.
Individual titration of the loading dose by the anesthe-
siologist or nurse is usually required for each patient
before starting PCA. If the loading dose is omitted,
patients are unlikely to obtain good analgesia from PCA
alone, because even if the demand button is pressed
as often as permitted by the program, the MEAC may not
be achieved.

Background infusion

It had been hoped that the addition of a background
infusion would improve pain relief, particularly at
night, by reducing the frequency of demands required to
maintain an analgesic blood concentration. The risk is
that opioid will continue to be delivered, regardless
of whether it is needed by the patient and regardless of
the sedation level of the patient.

Most studies investigating the effect of background
infusions have concluded that this practice neither
improves the effectiveness of analgesia21[II] nor sleep22

[II] and does not reduce the number of demands made.22

[II] It does, however, result in higher opioid consump-
tion21[II], 22[II], 23[II] and an increased risk of respira-
tory depression.24[V]

Guler et al.25[II] did show that addition of a back-
ground infusion improved analgesia, but the lockout

interval used was 15 minutes with a bolus dose of
0.015mg/kg (i.e. about 1mg in an average 70-kg patient),
so PCA alone might not have been effective anyway.

For the reasons noted above, the routine use of back-
ground infusions in adults is usually not recommended.
However, their relative safety may be improved if a
patient’s opioid requirements are already known.26 For
example, it may be suitable in patients who are opioid-
tolerant, when it can be used to replace the patient’s
normal maintenance opioids.

Dose limit

In most pumps, it is possible to program a dose limit
(commonly hourly or four-hourly), that allows only a
predetermined total amount of drug to be administered
within a given time. While those who use a dose limit do
so to improve the safety of PCA, there is no reliable
method of determining how much opioid a patient will
require for analgesia, far less how much will result in
dangerous side effects. To date, there is no good evidence
to show that the inclusion of a dose limit has resulted in a
decrease in side effects related to PCA.27 Indeed, for PCA
to be used effectively in all patients, a wide range of
opioid doses may be required.

PREPARATION FOR PCA

Patient education

To enable patients to use PCA to its maximum potential,
they should be given instructions about the technique
before use, preferably before surgery. Several studies have
shown that providing patients with written information28

[II], 29[II] or information on CD30[III] significantly
improves their knowledge and understanding of PCA
compared with verbal instruction alone.

Current literature gives conflicting results with regard
to the effect of preoperative education on patient satis-
faction and opioid consumption. The use of a multimedia
CD educational package in a group of patients, scheduled
to have a total knee replacement, showed improved pain
relief,30[III] but other studies using written28[II], 29[II], 31

[I] or verbal29, 32[III] information have not replicated
these findings. One study found that the use of structured
preoperative patient education decreased the amount of
opioid consumed and thus may reduce the severity of any
unwanted effects;33[II] more recent work has failed to
find a similar correlation.28[II], 29[II], 30[III], 32[III]

A lack of patient education, on the other hand, has
been associated with patient concerns about the use of
opioids. Early work by Chumbley and colleagues,34 found
that 22 percent of patients said they feared addiction to
the drugs used in PCA and 30 percent feared that they
could overdose. This may have been related to a lack of
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patient education about PCA as 43 percent of patients did
not receive any preoperative education and 24 percent
received no instruction at any time during the study.34[V]
However, in subsequent work,28[II], 29[II] they found that
although the patients receiving structured information
had better knowledge levels, there was no difference
between patient groups with regard to postoperative
anxiety levels, including fear of addiction and overdose.

Staff education

Education of all staff involved in the use of PCA is
important if the technique is to be used safely and
effectively.

The level of knowledge that nursing and medical staff
have about PCA may also influence the effectiveness of
PCA. Introduction of an acute pain service (APS) nurse,
whose role included staff and patient education, led to a
50 percent reduction in moderate to severe pain with
PCA, a marked improvement in patient satisfaction and
significantly fewer side effects.35[III]

Similarly, when PCA was supervised by an APS com-
pared with the primary clinic a year earlier, patients used
significantly more opioids but the incidence of side effects
was almost halved; PCA bolus doses were altered more
often to suit the individual patient.36[III]

Nursing staff need to be educated regarding the
importance of the patient having control of the PCA
machine in order to achieve maximal individual benefit.37

[V] There is evidence that nursing staff approve of
patients who use the PCA sparingly, which may not
provide all patients with adequate analgesia.37[V]
Conversely, those patients who use more than expected
via the PCA may be censured for abusing it.28[V], 37[V]

Standard orders and nursing procedure
protocols

Institutions may vary with regard to responsibility for the
setting up and programming of the PCA machine. This
responsibility may lie with the anesthesiologist, a member
of the APS, or ward nursing staff. Standardized orders
(often preprinted) and procedure protocols for PCA need
to be available, as they play a key role in ensuring the
ongoing safe management of the technique and allow
appropriate alterations to be made to these orders so
that maximum analgesia can be obtained with minimum
possible side effects.

In order to standardize care and ensure safe practice, it
is suggested that each institution develop its own standard
orders and nursing procedure protocols (for more details
see Chapter 24, Intravenous and subcutaneous patient-
controlled analgesia and Chapter 47, Organization
and role of acute pain services, both in the Practice and
procedures volume of this series.

Monitoring requirements

Traditionally, in patients receiving opioids, respiratory
rate has been monitored and used as an indicator of
respiratory depression. A normal respiratory rate may
coexist with marked rises in blood carbon dioxide levels
and a decrease in respiratory rate has been found to be
a late and unreliable sign of respiratory depression.26 Vila
et al.38[III] described their results before and after the
hospital-wide introduction of pain management stan-
dards. Only three of 29 patients reported to have
respiratory depression exhibited a fall in respiratory rate,
compared with 27 of the 29 who experienced a decrease
in conscious state.38[III] Thus, the best early clinical
indicator of respiratory depression is increasing sedation,
which can be monitored using a simple sedation score.

Regular monitoring of oxygen saturation levels is also
recommended. It should be noted however, that oxygen
saturation readings may be unreliable indicators of an
underlying problem if the patient is receiving supple-
mental oxygen, as is standard with for many patients
receiving parenteral opioids.26

PSYCHOLOGICAL FACTORS ASSOCIATED WITH
PCA

Patient-controlled analgesia allows patients to self-
administer pain-relieving medication, giving them a
significant measure of control over an important aspect
of their care, at a time when they have very little control
over other aspects of their life. Patients are able to balance
the degree of pain relief achieved against the severity of
any side effects that may occur.

Egan and Ready39 found that postoperative patients
expressed a high degree of satisfaction with the pain relief
afforded by PCA. Characteristics of the method that
patients have found particularly satisfying were: PCA
worked quickly,39[V] personal control over pain relief,39

not having to wait for injections,34[V], 40[V] and not
having to bother nurses.34[V], 37[V], 40[V]

A significant association has also been noted between
perceived control and higher satisfaction with lower pain
ratings.34[V], 41[V] In contrast, others have failed to show
any perceived benefit from having control.42[V] In fact,
some patients found the element of control disturbing,
as it meant that they were also responsible for the pro-
duction of unpleasant side effects. These authors ques-
tioned whether the patient is really in control or is heavily
influenced by medical and nursing staff, for whom PCA
has certain advantages.42

A recent study looked at the correlation between a
number of psychological factors and postoperative pain
reports, as well as analgesic consumption.43[III] Emo-
tional support and religious-based coping showed a
positive correlation with postoperative morphine con-
sumption; preoperative self-distraction coping correlated
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positively with pain while in hospital; and preoperative
distress, religious-based coping, behavioral disengage-
ment, and emotional support coping positively predicted
pain levels four weeks after surgery.43

Patient anxiety may also affect how well PCA is used.
High levels of anxiety are significantly related to higher
pain scores and analgesic requirements in patients using
PCA,44[V], 45[V], 46[V], 47[V] and may be associated with
more frequent unsuccessful demands (i.e. demands dur-
ing the lockout period).45[V], 48[V]

In adolescents, those expecting high levels of post-
operative pain generally experienced more pain in the
postoperative period indicating a degree of self-fulfilling
prophecy.49, 50

Lastly, PCA, or rather the unavailability of it, can have
a detrimental effect on the patient’s psychology,51 leading
to a ‘‘let down’’ when a machine is not available. This may
be overcome by providing alternative analgesia according
to the PCA principle (providing patients with rapid
analgesia titrated to individual requirements);52[V]
however, this requires more nursing time than conven-
tional PCA.

EFFICACY OF PCA

Analgesic efficacy

A meta-analysis53[I] published in 1993 reported that
significantly better analgesia was provided by PCA com-
pared with intramuscular (i.m.) opioid analgesia; a more
recent systematic review has supported these earlier
findings.54[I] In both studies, the magnitude of the dif-
ference in analgesia was small (5.953 and 8.054 on a pain
scale of 0–100). A third meta-analysis by Walder et al.55

found no difference in pain scores and that analgesia with
PCA was only better if all pain outcomes (pain relief, pain
intensity, and need for rescue analgesia) were considered.

Not all authors have found improved analgesia with
PCA.56[II], 57[II], 58[II], 59[II], 60[II] Of these studies in
which no difference was found in analgesia, four56, 58, 59, 60

examined pain relief in settings where there are high
nurse:patient ratios. In these settings, it may be easier to
provide any analgesia when required and with minimal
delay, i.e. they follow the ‘‘PCA principle.’’52[V] In general
wards, where there are fewer nurses, PCA may facilitate
more immediate drug delivery. A more recent meta-
analysis of the use of PCA versus nurse-administered
analgesia following cardiac surgery61[I] found no differ-
ence in analgesia at 24 hours, but significantly better
analgesia with PCA at 48 hours which would support the
assertions above, as nursing attention is likely to be higher
in the first 24 hours after surgery.

The results of Ballantyne et al.,53 Walder et al.,55 and
Hudcova et al.54 are probably a little unexpected given the
continuing popularity of i.v.-PCA. It is possible, under

study conditions when greater attention is paid to the
technique by investigators and staff alike, that conven-
tional opioid analgesia is more effective. It is also possible
that the way in which PCA was used did not adequately
allow for interpatient variations (e.g. fixed program
parameters) and significantly limited the flexibility of the
technique.62 Information obtained from published cohort
studies, case-controlled studies and audit reports as well
as randomized-controlled trials63 suggests that i.v.-PCA
may be appreciably more effective than intermittent
i.m. opioid analgesia in a real-life clinical setting. Patients
given i.m. analgesia were more than twice as likely to
experience moderate-to-severe pain and severe pain as
those given PCA. These authors also reviewed the inci-
dence of side effects with these techniques (see below
under Problems related to the PCA opioid).

PCA analgesia has been found to be less effective
for pain than continuous epidural analgesia (CEA) and
patient-controlled epidural analgesia (PCEA) in a
Cochrane review,64[I] and another meta-analysis.65 When
a hydrophilic opioid alone was used for epidural analge-
sia, it failed to confer any advantage over PCA.65, 66

Patient satisfaction

Patient satisfaction is significantly higher with PCA than
i.m. opioid analgesia.53[I], 54[I], 55[I] Others have found
higher satisfaction with i.v. PCA compared with epidural
morphine PCA,66[II] possibly due to a faster onset of
analgesia with the i.v. route.

There may be a correlation between satisfaction and
lower pain ratings,41, 48[V] although some patients report
high levels of satisfaction and high pain scores.34[V], 35

[III], 46[V] It would appear that the evaluation of satis-
faction is complex. Satisfaction scores may reflect satis-
faction with overall treatment or a reluctance to criticize
treatment.34[V], 37[V] Preoperative expectations for
analgesia also appear to have an effect on postoperative
satisfaction.66[II]

In addition to patient preference, there is a definite
preference for PCA by nurses, not just because it reduces
their workload,67[II] but also because it helps the nurses
to distance themselves from the patient’s pain and
suffering by making the patient responsible for their own
analgesia.37

Opioid consumption

Ballantyne and colleagues53[I] reported a nonsignificant
trend towards lower opioid use with PCA. However, two
more recent systematic reviews of PCA versus conven-
tional opioid analgesia published in 200554[I], 61[I] found
that opioid consumption was higher in the PCA group.

The same reviews53, 54, 61 also concluded that there
was no difference in the incidence of opioid-related side
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effects from the use of PCA compared with conventional
opioid analgesia, meaning that total opioid dose may be
relatively unimportant.

Different opioids used with parenteral PCA

Several different opioids have been used with parenteral
PCA, including morphine, fentanyl, pethidine, oxyco-
done, tramadol, sufentanil, alfentanil, piritramide,
nalbuphine, and remifentanil.

The comparative efficacy of these opioids has been
studied by a number of authors in double-blinded ran-
domized control trials.68[II], 69[II], 70[II], 71[II], 72[II], 73

[II], 74[II], 75[II], 76[II], 77[II], 78[II], 79[II], 80[II], 81[II],
82[II] On the whole, they have found little difference in
efficacy between the opioids studied. This is probably a
real finding, although it is possible that differences
between the opioids may have been masked by flaws in
the calculation of equianalgesic doses.

Three of the five studies that compared pethidine with
other opioids,70[II], 78[II], 79[II] found that analgesia,
when moving or coughing, was significantly worse with
pethidine. This result, combined with the high incidence
of adverse drug reactions,83[V], 84[III] including nor-
pethidine (normeperidine) toxicity and serotonergic
syndrome,85[V], 86[V], 87[V] means that pethidine should
not be used routinely for intravenous PCA.85, 88

Individual patients may gain benefit from one opioid
over another. This was shown by Woodhouse et al.,73[II]
in a three way cross-over double-blinded randomized
control trial comparing morphine, fentanyl, and pethi-
dine. Overall analgesia was equivalent for all drugs;
however, subjectively some patients found that they were
better able to tolerate one or more of the opioids than
the others.

The use of remifentanil PCA has increased, including
for applications other than obstetric analgesia.76[II], 77

[II], 89[V], 90[V] It offers potential advantages for
analgesia due to its very rapid onset/offset of action and
lack of accumulation with repeated dosing. Studies
have found that it provides at least equivalent analgesia
to morphine76[II], 77[II] and fentanyl77[II] and may be
associated with fewer side effects.77[II]

Genetic polymorphism at the m-opioid receptor may
influence the efficacy of PCA opioid in the individual
patient. Polymorphism of the m-opioid receptor at the
118 nucleotide position, encoding for a GG homozygote,
has been associated with increased PCA morphine
requirements in the postoperative period.91[III], 92[III] A
number of other polymorphisms at genes encoding for
morphine metabolism and transport across the blood–-
brain barrier have also been found to have an influence on
the clinical efficacy of morphine.93[III] Patients who have
absent activity of the CYP2D6 enzyme have been found to
have a poorer response to tramadol compared with those
with normal enzyme activity.94[III] The literature is yet to

report on the influence of phamacogenetics on other
opioids commonly used in PCA; however, there may be
similar differences.

Cost comparisons

A review95 of seven studies that compared costs related to
PCA and i.m. analgesia concluded that, while PCA may
provide superior analgesia and patient satisfaction, it does
so at a greater cost. Other authors have reported similar
results.55, 96, 97

A decrease in average length of stay (ALOS) in hospital
would also have important cost implications. However,
neither systematic reviews53[I], 54[I], 55[I], 61[I] nor other
studies,57, 67 have been able to show that PCA is associated
with a decreased ALOS.

PCA has been found to be three times more cost-
effective than epidural analgesia, for each pain-free day,
after major abdominal surgery.98[V]

Efficacy via other non-i.v. routes

Other routes can also be used for PCA. The subcutaneous
(s.c.),99[II], 100[II] oral,101[II] intranasal,7[V], 102[II], 103

[III], 104[II] and transdermal105[II], 106[II] routes have all
be shown to provide effective analgesia.

Compared with i.v. PCA, s.c. PCA may result in higher
opioid use.99[II], 100[II], 107[II] Studies of efficacy have
not provided consistent results as both significantly better
pain relief99[II] and no difference in analgesic efficacy100

[II], 107[II] have been reported. Similarly, some authors
found no difference in the incidence of nausea and
vomiting,99, 100 whereas others found an increase in
nausea and vomiting with s.c. PCA.107

The intranasal route has also been used for PCA
(PCINA) with general acceptance of the method by
patients and nurses. Toussaint et al.102 found that fentanyl
PCINA is equally effective as intravenous fentanyl PCA;
similar results have been noted by Paech et al. using a
formulation that allows the delivery of larger bolus
doses of fentanyl (see Transmucosal PCA devices).11

Bioavailability of fentanyl via the intranasal route is 0.7,
so doses need to be adjusted accordingly.7, 104 Other drugs
that have been administered by PCINA include diamor-
phine104 and pethidine.108 Equivalent efficacy for intra-
nasal diamorphine compared with i.v. was not found in a
study by Ward et al.;104 PCINA pethidine was more
effective than s.c. pethidine injections.108

Transdermal administration of fentanyl via PCA has
emerged in the literature over recent years. The technique
is described earlier. Unlike fentanyl patches used for
chronic pain management, there is no reservoir of drug
left in the skin once the device is removed.109

Transdermal fentanyl PCA has been shown to be more
effective than placebo for pain relief after major surgery,
when the end point was withdrawal from the study
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due to inadequate analgesia.105[II], 106[II] A study by
Viscusi et al.110[II] found that transdermal fentanyl PCA
(40 mg bolus dose) was as effective as intravenous mor-
phine PCA (1mg bolus) following major surgery, using
patient satisfaction with the technique as the primary end
point. Side effects were similar between the two groups.
The transdermal fentanyl system is currently only com-
mercially available with a 40 mg bolus dose and a
maximum delivery rate of six bolus doses per hour, which
may limit its use due to an inability to tailor a regimen
for each patient.

Efficacy of other drugs added to PCA opioid
regimens

Many drugs have been added to opioids in PCA over the
past several years in an attempt to either reduce side
effects, improve analgesia, or both.

KETAMINE

A Cochrane review by Bell et al.111[I] found that the
use of low-dose ketamine (that is, subanesthetic doses) in
addition to PCA morphine (run as a separate infusion
or added to PCA morphine) reduced morphine require-
ments in the first 24 hours after surgery, as well as the
incidence of postoperative nausea and vomiting. There
was considerable variation in the doses of ketamine used
in the included trials and so no comment could be made
regarding the best dose regimen.

Just six of the studies included in this meta-analysis
involved the addition of ketamine to the PCA morphine
solution.112[II], 113[II], 114[II], 115[II], 116[II], 117[II] Mor-
phine consumption was reduced in three113, 115, 117 and
pain scores were lower in four of these studies.113, 114, 115, 117

The amount of ketamine added to PCA morphine varied
from 0.5 to 2mg per bolus dose.

NALOXONE

Naloxone in varying doses has been added to PCA mor-
phine (1mg/mL). ‘‘Ultra-low’’ doses of naloxone (0.6 mg
to 1mg morphine) added to PCA morphine led to a
lower incidence of nausea (not vomiting) and pruritus,
but no change in pain relief or morphine requirements.118

[II] However, use of ‘‘low’’ doses (6 mg added to 1mg
morphine) led to increased pain and a clinically insig-
nificant increase in morphine requirements.119[II]

Naloxone added to PCA morphine (0.8mg naloxone
to 60mg morphine) did not alter pain relief compared
with PCA morphine alone.120[II]

OTHER DRUGS

Clonidine121[II] significantly reduces the incidence of
nausea and vomiting without an increase in sedation,

and leads to lower pain scores up to 12 hours and
higher patient satisfaction.

Magnesium117[II], 122[II] added to morphine was
opioid-sparing and led to better pain relief; added
to tramadol it was opioid-sparing but only provided
better pain relief for the first two hours.

Ketorolac123[II] added to PCA morphine was opioid-
sparing; there was no difference in pain relief or
adverse effects, although the times to first bowel
movement and first ambulation were earlier.

Lidocaine124[II], when added to morphine, shows no
advantage in terms of pain relief, opioid use, or
nausea, vomiting and pruritus, but the addition of
lidocaine leads to higher sedation scores.

STEP-DOWN ANALGESIA

Patients using higher doses of PCA morphine (average
and for the 24 hours before stopping PCA) were more
likely to want to restart PCA. However, there is no
information on the doses of i.m. analgesic (morphine or
pethidine) ordered or given, or whether the doses were
based on the last 24-hour PCA requirements.125[V] It has
been suggested that doses of opioid prescribed to follow
PCA (whether i.m. or oral) be based on the PCA
requirements in the 24-hours prior to ceasing.26

Use of a controlled-release oxycodone preparation to
follow PCA morphine and based on a conversion factor of
1:1.2 morphine:oxycodone provided effective pain relief
after cessation of PCA.126[V]

PCA IN SPECIFIC PATIENT GROUPS

Although PCA allows significant flexibility and variations
in opioid use, enabling a wide variety of patients to
achieve effective analgesia, additional considerations may
be required if some specific patient groups are to obtain
safe and effective pain relief using this technique. These
groups include pediatric, elderly, and opioid-tolerant
patients, and those with obstructive sleep apnea (OSA).

Considerations for three of these groups are discussed
in the relevant chapters: pediatric patients (Chapter 27,
Acute pain management in children); elderly patients
(Chapter 28, Acute pain management in the elderly
patient); opioid-tolerant patients (Chapter 30, The
opioid-tolerant patient, including those with a substance
abuse disorder).

Patients with obstructive sleep apnea syndrome

Concerns about the potential risks associated with
administration of opioids in patients with OSA have led
to suggestions that nonopioid or opioid-sparing acute
pain management techniques should be used where
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possible.127, 128 Some of these concerns arise from case
reports related to respiratory depression associated with
the use of PCA in OSA patients.129, 130, 131, 132

However, other factors in these reports could have led
to an increased risk of respiratory depression, even in
patients who do not have OSA. These included use of
background infusions and concurrent administration of
sedatives. More importantly, in all cases, it seemed that
there was an overreliance on the use of respiratory rate as
an indicator of respiratory depression, as vital signs were
reported to be normal. The significance of increasing
sedation (noted with these patients) as the better clinical
indicator of early respiratory depression (see under
Monitoring requirements) was missed.

In all patients given opioids, it is wise to reduce the
dose should the patient become sedated, and at a stage
where they are still easy to rouse but have difficulty
staying awake, not once they become unconscious.26

Proper monitoring and appropriate alteration of opioid
dose is especially important as many patients with
undiagnosed OSA will be given opioids. The prevalence
of OSA in the adult population is known to be high; up to
20 percent of adults have at least mild OSA and 7 percent
have moderate to severe OSA; and up to 75 percent
of patients who could benefit from treatment remain
undiagnosed.133 Therefore, the chance of unknowingly
giving opioids to a patient with OSA is significant.

Morbid obesity is significantly associated with OSA.133

The use of PCA (without a background infusion) in these
patients has been investigated and reported to be a safe
and reasonably effective method of providing analgesia,134

[II], 135[V], 136[III] although the number of patients in
these studies was small.

COMPLICATIONS OF PCA

A number of complications related to the use of PCA have
been reported. In general, they can be divided into
operator or patient-related errors, and problems due to
the equipment or the opioid used.

Of the 5377 PCA-related errors reported from
September 1998 to August 2003 and examined by the
United States Pharmacopeia (USP), the most common
were improper dose/quantity 38.9 percent, unauthorized
drug 18.4 percent, omission error 17.6 percent, and
prescribing error 9.2 percent. Other errors included
wrong administration technique, wrong drug prepara-
tion, wrong patient, and wrong route.137

A prospective study of 4000 patients given PCA post-
operatively found nine cases of respiratory depression.
These were associated with drug interactions, continuous
(background) infusions, nurse- or physician-controlled
analgesia, and inappropriate use of PCA by patients.138

In a similar-sized prospective survey of 3785 patients,
use of PCA was associated with 14 critical events: eight
programming errors (all associated with the setting of a

continuous infusion); three family members activating
PCA; one patient tampering; and three errors in clinical
judgment.139

Other examples of reported problems are given below.

Operator errors

PROGRAMMING ERRORS

Misprogramming of PCA pumps is thought to account
for around 30 percent of PCA errors, be twice as likely to
result in injury or death than errors involving general-
purpose infusion pumps, and lead to more harm than
errors in other types of medication administration.140

Vicente et al.141 sought to obtain an evidence-based
estimate of the risk of death from programming errors
associated with one type of PCA. They searched Food and
Drug Administration (FDA) and other databases and,
based on a denominator of 22,000,000 (for use between
1988 and 2000) provided by the device manufacturer,
concluded that mortality from programming errors was
low (1 in 33,000 to 1 in 338,000); this equated to between
65 and 667 deaths.141 Interestingly, the case that promp-
ted the review was of a young woman who, after a cassette
containing the wrong concentration of drug was placed in
the PCA machine, was noted to be unrousable and
snoring. However, nothing was done at that time as the
nurse ‘‘considered the vital signs to be normal’’ (respira-
tory rate was 20 breaths/minute) – another reminder of
the danger of using respiratory rate to monitor for
respiratory depression. Other errors found during the
review were all related to incorrect programming of the
concentration.141

Other reports of incorrect drug concentrations
leading to the inadvertent delivery of high doses of
opioid (with fatal results)142, 143 have led to suggestions
that drug concentrations should be standardized within
institutions.140

Oversedation and respiratory depression has also
followed the programming of an incorrect bolus dose
size,144, 145 incorrect background infusions,146 and back-
ground infusions when none were prescribed.139, 146

Some PCA pump manufacturers have introduced dose
error reduction systems in response to such problems.
These systems use internal software to guide manual
programming by checking programmed doses against
preset limits and alerting the programmer to inap-
propriate dose or continuous infusion settings.140 Preset
dosing protocols can also be used, so that ‘‘standard’’
settings can be programmed for each of the opioids
administered.140

In addition to programming errors, incorrect checking
procedures may also lead to the ‘‘wrong’’ drug being
placed in the PCA pump. In one case the first sign of
a problem was when the nurses observed that a patient
using PCA was a little ‘‘twitchy.’’ The drug being delivered
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was mixture of bupivacaine and fentanyl intended for an
epidural infusion in another patient.147

Integrated barcode readers, available in some pumps,
will identify the drug and drug concentration being
used; in some cases the appropriate dosing protocol will
be selected automatically.140

INAPPROPRIATE PATIENT SELECTION

Patient suitability for PCA requires more than just an
assessment of factors such as a patient’s understanding of
the technique, age, cognitive ability, and willingness to be
in control of their own pain relief. The presence of con-
current patient diseases also needs to be taken into
account before PCA is prescribed. For example, renal
impairment may reduce excretion of the metabolites
of morphine, leading to respiratory depression,148 and
pethidine leading to norpethidine toxicity.149

The potential problems associated with the use of
PCA in morbidly obese patients or patients with sleep
apnea have already been described.

INAPPROPRIATE USE OF CONCURRENT MEDICATIONS

Inadequate knowledge about the risks of PCA and pre-
scribing by more than one team, have led to reports of
oversedation and respiratory depression due to inap-
propriate prescriptions of supplementary opioids (by
other routes) or sedatives, including benzodiazepines and
antihistamines.129, 139, 150, 151, 152

Patient-related errors

FAILURE TO UNDERSTAND PCA

Most patients manage PCA well after just some initial
education, but others may need reminding about its
method of use. Confusion between the nurse call and
PCA demand button has been reported.150, 153

The design of the patient button has also been given as
a reason for an inability to use PCA adequately. Some
PCA machines have small buttons and are not easy for
elderly or disabled patients to use. Some workers have
produced purpose-built buttons to overcome particular
disabilities so the machine can be activated by foot,154 or
attached plastic tubing to the machine in place of the
handset, allowing activation by the patient blowing into
the tube.155, 156

PCA BY PROXY

Unauthorized activation of the demand button by
nurses157, 158 or family or visitors24, 139, 157, 159, 160, 161 has
led to respiratory depression.

TAMPERING WITH PCA MACHINES

Access to the syringe (or other drug reservoir) and the
microprocessor program in electronic PCA pumps should
only be possible using a key or access code. Therefore,
‘‘successful’’ tampering would usually leave obvious signs
of damage to the pump casing. However, this may not
always be the case. Access to the syringe without a key is
possible in one of the current models of PCA machine.162

Problems related to equipment

In general, modern PCA pumps have a high degree of
reliability. However, problems continue to be reported, as
well as problems related to the disposable items required
for each patient.

‘‘RUN-AWAY’’ PUMP

Early reports of ‘‘run-away’’ pumps, where the machine
has unexpectedly changed the program and delivered an
unprescribed dose of drug (e.g. when the mains electricity
leads became loose or disconnected),151 were attributed to
derangements in the software used to control the syringe
driver mechanism. While the number of reports has
decreased following changes made to the pump design,
they continue to occur, including a report of spontaneous
triggering made in 1998,163 and another, made in 2001,
of a frayed wire in the demand apparatus leading to
triggering as a result of an electrical short circuit.164

INCORRECT USE OF, OR FAILURE TO USE, ANTIREFLUX
VALVES

Since the early days of PCA, it has been recognized
that retrograde flow of opioid along the intravenous
line is a potential hazard. In 1979, a one-way antireflux
valve was developed to prevent this.165

The routine use of antireflux valves has been recom-
mended for many years,166 but as late as 1998 there was a
report of a respiratory arrest resulting from a failure to
incorporate such a valve in the PCA system.167 Respira-
tory depression has also resulted from a wrongly con-
nected Y-piece.151 If PCA is to run with an intravenous
infusion, antireflux valves must be used and they should
be an integral part of the infusion system.

INCORRECT PLACEMENT OF, OR DAMAGE TO, SYRINGE/
CARTRIDGE

For the PCA pump to function properly, the syringe or
cassette must be correctly placed into the syringe carriage.
If this is not done, there is a risk that the contents of the
syringe may empty by gravity (siphon) into the patient.
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Uncontrolled siphoning of syringe contents has been
reported when the syringe plunger was not engaged in its
carriage,168 a damaged drive mechanism failed to retain
the syringe plunger,169 and with improper cassette
attachment.170 Cracked glass PCA syringes may also allow
uncontrolled siphoning.171, 172

Care should also be taken when syringes are changed.
Failure to cross-clamp the line from the syringe when
changing resulted in the inadvertent giving of a large
bolus dose of sufentanil, rendering the patient apneic
within one to two minutes.144

Occurrences such as those detailed above have led to
advice that the machine should always be placed level
with or below the patient, or, better still, that an anti-
siphon valve be included in the infusion system.172, 173, 174

Problems related to the PCA opioid

Whenever opioids are given to patients, some opioid-
related side effects are to be expected. In general, the risk
of side effects from opioids administered by PCA is
similar to the risks related to traditional methods of sys-
temic opioid administration (i.v., i.m., or s.c).54[I], 55[I]

A review of randomized-controlled trials reporting
postoperative opioid-related adverse effects concluded
that the incidences with PCA were respiratory depression
1.8 percent, gastrointestinal (mainly nausea and vomit-
ing) 37.1 percent, and pruritus 14.7 percent. This com-
pared with 2.4, 28.2, and 17.5 percent, respectively, for
i.v./i.m. opioids combined.175[IV]

A later review of published cohort studies, case-
controlled studies, and audit reports, as well as rando-
mized-controlled trials, found reasonably similar inci-
dences associated with the use of PCA: respiratory
depression 1.2 to 11.5 percent (depending whether
respiratory rate or oxygen saturation were used as indi-
cators), nausea 32 percent, vomiting 20.7 percent, and
pruritus 13.8 percent.176[V], 177[V]

RESPIRATORY DEPRESSION

The true incidence of respiratory depression associated with
PCA is almost impossible to determine from published
studies because of the variety of definitions used, including
respiratory rate, hypercarbia, low oxygen saturation, and
use of naloxone. Most commonly, when reporting inci-
dences of opioid-related side effects, authors use a decrease
in respiratory rate as an indicator of respiratory depression.
However, as noted earlier in this chapter, this may be a late
and unreliable sign of respiratory depression (the better
early clinical indicator being increasing sedation).26, 38 The
converse is also true in that respiratory depression can be
present in a patient with a ‘‘normal’’ respiratory rate.

As noted above, Cashman and Dolin176 found an
incidence of PCA-related respiratory depression of

1.2–11.5 percent (depending on definition used). The
incidence of sedation, reported by the same authors in a
later paper looking at other opioid-related side effects,
was found to be just over 5 percent.177 However, the
methods and definitions used by the various authors
of the studies included in the survey also varied
considerably.

Shapiro et al.178[V] audited 700 patients who received
PCA for postoperative pain relief looking for the inci-
dence of respiratory depression defined as a respiratory
rate of o10 breaths/minute and/or a sedation score of
2 (defined as ‘‘asleep but easily roused’’). They reported
that 13 patients (1.86 percent) developed respiratory
depression; all had respiratory rates of o10 breaths/
minute and 11 also had sedation scores of 2.

Factors that may increase the incidence of respiratory
depression with PCA include: the use of concurrent
(background) infusions; concurrent administration of
sedatives or additional opioids; use in the elderly patient;
or if the patient becomes hypovolemic.16, 24, 139, 157

Concurrent administration of nonsteroidal anti-
inflammatory drugs (NSAID) significantly reduces PCA
opioid requirements and the incidence of opioid-related
nausea and vomiting, and sedation.179[I]

NAUSEA AND VOMITING

Two meta-analysis have shown that there is no difference
in the incidence of nausea and vomiting54[I], 55[I] with
PCA compared with conventional methods of opioid
delivery.

However, in the review by Dolin and Cashman177

referred to earlier, the incidences of nausea and vomiting
with PCA were 32 and 20.7 percent, respectively. The
incidence of nausea was higher with PCA than following
i.m./s.c. opioid analgesia (17 percent), but there was no
difference in the incidence of vomiting.177 However, some
of these differences may be related to opioid dose. The
much higher number of patients reporting moderate-to-
severe or severe pain with i.m. analgesia63 would suggest
that lower opioid doses were used.

There is a known correlation between the risk of
nausea and vomiting and increasing opioid dose.179[V],
180[V] Significant opioid-sparing effects and reductions
in the incidence of nausea and vomiting are seen if
patients using PCA morphine are also given concurrent
NSAIDs.179[I] In contrast, paracetamol (acetaminophen)
given to patients with PCA morphine results in significant
opioid-sparing, but no decrease in morphine-related
adverse effects.181

The risk of nausea and vomiting can be also be reduced
by administration of antiemetic drugs. In this chapter,
discussion will include only those studies where anti-
emetics have been added to the PCA opioid solution and
not those where the drugs were administered separately.

The addition of droperidol to morphine PCA
significantly reduces the incidence of nausea and
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vomiting,182[I], 183[I] and may lead to lower total mor-
phine use.183[I] Tramer and Walder182[I] calculated that
the number needed to treat (NNT) was 2.7 for nausea and
3.1 for vomiting. They found no evidence of a dose-
response for effectiveness of droperidol, but the risk of
side effects was dose-dependent. Minor adverse effects
were more likely if the patients received total doses of
more than 4mg/day; extrapyramidal side effects were
not seen.182[I]

Culebras et al.184[II] investigated the effectiveness of
three different doses of droperidol (5, 15, and 50 mg)
added to 1mg morphine in PCA and did show dose-
responsiveness. The effect on nausea and vomiting was
significantly related to the dose given: 5 mg had no effect,
15 mg was effective against nausea but not vomiting, and
50 mg was effective against both nausea and vomiting. The
antinausea efficacy was more than 40 percent greater with
the largest dose and also suggests that droperidol is more
effective for the treatment of nausea than vomiting.184 In
contrast to the NNTs reported by Tramer et al.,182 these
results translate to NNTs of 3.7 for nausea and 8.3 and for
vomiting; the higher dose, however, increased the risk of
sedation.184[II]

Gan and others185[II] compared the addition of drop-
eridol to PCA morphine with droperidol given separately
and found both regimens to be equally effective.

The success of the 5HT3 antagonists in controlling
nausea and vomiting associated with PCA remains
unclear. Cherian and Smith186[II] compared prophylactic
ondansetron given both as a bolus at the end of surgery
and mixed with morphine in the PCA solution with plain
PCA morphine; there was no significant difference in the
incidence of nausea and vomiting. Tramer and Walder182

[II] included studies using antiemetics other than drop-
eridol in their analysis and concluded that 5HT3 receptor
antagonist drugs (e.g. ondansetron) showed antivomiting,
but not antinausea, effects.

Addition of some other antiemetics added to PCA has
also been studied. In summary, the results are:

� promethazine reduced the incidence of nausea and
vomiting when mixed with morphine for PCA;187[II]

� diphenhydramine added to PCA morphine in a ratio
of 4.8:1 (but not 1.2:1) reduced the incidence of
nausea, severe nausea, and vomiting, without
increasing side effects such as sedation and dry
mouth;188[II]

� cyclizine added to PCA morphine in a ratio of 2:1
gave low and comparable incidences of severe nausea
and vomiting compared with droperidol 50 mg added
to 1mg PCA morphine.189[II]

Other drugs have also been added to PCA solutions in an
attempt to reduce emetic side effects. These include:

� propofol combined with PCA morphine showed no
benefit;190[II]

� nalmefene added to the PCA solution reduced the
incidence of nausea and vomiting, but did not
reduce analgesia;191[II]

� naloxone added to PCA morphine (0.8mg naloxone
to 60mg morphine) did not reduce the incidence of
nausea and vomiting compared with PCA morphine
alone.120[II]

The practice of adding antiemetics to PCA is, however,
still controversial, as the risk of side effects may increase
with increased use of PCA. The NNT for droperidol of
2.7 for nausea and 3.1 for vomiting calculated by Tramer
and Walder182[I] means that that if 100 patients are
treated in this manner, 30 will benefit. Cost–benefit and
risk–benefit therefore need to be considered.

PRURITUS

The incidence of pruritus is significantly higher in
patients given PCA compared with those receiving sys-
temic opioids by other routes.54[I] Dolin and Cashman177

[V] also found that the incidence of pruritus was higher
with PCA (13.8 percent) compared with i.m./s.c. opioids
(3.1 percent).

The mechanism of opioid-related pruritus is not fully
understood. The role of histamine remains unclear as
pruritus may occur after the administration of opioids
that do not release histamine. The fact that drugs such as
naloxone (a m-receptor antagonist) can reverse opioid-
related pruritus suggests that there may be a m-receptor-
mediated mechanism.192

In a systematic review, Kjellberg and Tramer192[I]
concluded that naloxone, naltrexone, nalbuphine, and
droperidol were effective in the prevention of opioid-
induced pruritus, but that there was a lack of evidence for
any beneficial effect with propofol, i.v. ondansetron,
epidural clonidine, and epinephrine, or i.m. hydroxyzine.

When droperidol was added to PCA morphine in three
different dose regimens (5, 15, and 50mg added to 1mg
morphine), the two larger doses reduced the incidence of
pruritus (NNT 10).184 However, naloxone added to PCA
morphine (0.8mg naloxone to 60mg morphine) did not
reduce the incidence compared with PCA morphine
alone.120

Urinary retention

There is no difference in the incidence of urinary reten-
tion in patients given PCA compared with other methods
of systemic opioid administration.177[III], 54[I]

NORPETHIDINE TOXICITY

After reviewing records of patients receiving PCA pethi-
dine and assessing the presence of signs and symptoms of
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central nervous system (CNS) excitation (suggesting
norpethidine toxicity), Simopulos et al.86 recommended
that no more than 600mg pethidine should be given each
day and for no more than three days. However, because
pethidine offers no benefit in terms of analgesic effect or
incidence of adverse effects compared with other opioids
used in PCA, it has been recommended that the use of
pethidine should be discouraged.85, 88

Masking of postoperative and other
complications

Obviously, if sufficient analgesic is given (or taken), it
may be possible to mask other disease processes or
postoperative complications. There have been reports of
PCA ‘‘masking’’ signs of urinary retention,193 compart-
ment syndrome,194, 195 pulmonary embolus196 and myo-
cardial infarction.197

The concerns expressed in reports such as these relate
to the fact that a patient with PCA can increase their
opioid use to cover any ‘‘new’’ pain. However, assessment
of pain and opioid use should be regular and frequent.
Any unexpected change in opioid use, or the site, severity,
or character of the pain, warrants careful diagnosis as it
may signal the development of a new medical or surgical
diagnosis.
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KEY LEARNING POINTS

� Continuous neural blockade usually supplements a

multimodal approach to acute pain management; rarely

does it completely replace it.
� Although the knowledge and skills of the physician are

critical for successful continuous neural blockade, the

knowledge and skills of an appropriately trained

multidisciplinary team are also vitally important for its

safe and successful use in acute pain management.
� There is an increasing body of evidence that supports

the use of continuous neural blockade and shows that,

compared with opioid analgesia alone, continuous

neural blockade results in better pain relief and fewer

side effects.
� Compared with central neuraxial blockade, pain relief

with continuous neural blockade may be as effective

with fewer side effects, although there may be a higher

risk of neurological complications.
� Continuous nerve blocks are more expensive and

difficult to perform and maintain than single-injection

blocks. It is therefore critically important to assess the

benefits that the patient will gain from their use and

the risks to which the patients will be exposed.
� The development of sustained-release formulations of

local anesthetic drugs may provide an alternative to

continuous peripheral neural blockade in the future.

However, these drugs are not yet in clinical use.

Administration of a fixed dose may also limit the ability

to titrate to effect (or adverse effects) for individual

patients.

INTRODUCTION

The use of continuous peripheral nerve blocks
(CPNB) was first described by Ansbro in 1946.1 The
only local anesthetic available to him, procaine, was
short-acting: unfortunately, the surgeons with whom
he worked were long-acting. By inserting a needle
near the brachial plexus and fixing it to the skin, he

was able to top up the initial block and match the
duration of anesthesia to that of the surgery. In the
60 years since then, surgeons have become a little
faster and local anesthetic drugs have become longer-
acting, and there have been key advances in the needles
and catheters available and techniques to assist with
their placement, as well as developments in infusion
pump technology.



The pain experienced after surgery often outlasts the
duration of action of single-shot peripheral nerve blocks.
Continuous peripheral neural blockade therefore seeks to
extend the duration of local analgesia from the hours of
the single-shot block to many hours or even days,
enabling the duration of analgesia to better match the
likely duration of significant pain.

Currently, CPNB is most often used for postoperative
analgesia and the treatment of other acutely painful
conditions. Pain is a multimodal experience and it is
important to note that CPNB should be used as part
of a multimodal analgesic technique. Some general
principles of initiating and managing CPNB can be
proposed.

� The operator should be an experienced and
successful single-shot blocker, and should be assisted
by someone who is familiar with both the technique
and the equipment.

� Suitable monitoring regimens and appropriate
resuscitation equipment must be available during the
insertion of the catheter and initiation of the
regional block; monitoring requirements during
CPNB (using repeated bolus doses and/or continuous
infusions) may vary according to patient location (in
hospital ward or at home).

� There needs to be a multidisciplinary team, the
members of which are familiar with the principles of
the use of CPNB, the catheters, and infusion pumps,
and have received the appropriate training. They
should be aware of the goals of the treatment, of its
potential complications, and of the initial actions
needed should complications occur. The team will
include the operating room, recovery and ward staff,
physiotherapists, and, where appropriate, patients
and their carers in the community, as well as their
general practitioners.

� If CPNB is used for analgesia after discharge
from hospital, appropriate patient selection and
education are essential and adequate follow up is
crucial. There should be a 24-hour point of contact
available to advise on problems should they occur;
this is ideally an anesthesiologist familiar with the
technique.

A number of reviews have confirmed that CPNB provides
safe and effective postoperative analgesia in both elective
and emergency situations, and can be used for patients of
all ages in hospital or at home.2, 3, 4, 5

In general, and in comparison with systemic
opioid analgesia, CPNB is associated with better pain
relief and a lower incidence of opioid-related side
effects, regardless of the site of catheter insertion.6[I]
In comparison with single-shot blocks, reports published
to date do not suggest a higher complication rate
with CPNB.7 However, as it is possible that the risks
might be greater than those of the single-shot block on

which they are based, it is important to assess whether
the benefits that may accrue to the patient with the use
of CPNB outweigh the additional time, expertise,
expense, and possible risks. More detail about complica-
tions associated with CPNB is given below under
Complications.

There are many different types of CPNB that can be
used in clinical practice and the more common ones are
under Equipment below. Examples of indications for
their use are listed in Table 12.1.

COMMON TYPES OF CPNB

Upper limb

AXILLARY BRACHIAL PLEXUS BLOCKS

The first description of continuous brachial plexus
blockade in the modern era was provided by Selander.8 In
this paper, he describes the successful placement of an
intravenous cannula into the axillary brachial plexus
sheath.

Since then, many investigators have confirmed that
axillary catheters can provide effective anesthesia and
analgesia during and after hand, forearm, and elbow
surgery.9, 10, 11, 12 Success of this technique may be affected
by the dose regimens used and the provision of additional
analgesia. For example, Salonen et al.13[II] found that
after elective hand surgery, continuous axillary infusions
of 0.1 or 0.2 percent ropivacaine was no better than a
saline infusion and all groups needed additional analgesia.
However, both continuous infusion and repeated bolus
dose regimens using 0.25 percent bupivacaine have
resulted in good pain relief with no difference between
the techniques for pain scores, degree of motor block, or
opioid requirements, although plasma bupivacaine levels
were higher in the patients given the continuous infu-
sions.14[II] Similarly, both 0.125 percent bupivacaine and
0.125 percent ropivacaine, given as patient-controlled
bolus doses of 10mL at home, provided equal and
effective pain relief.9[II]

As well as improving pain relief, continuous axillary
blocks have been used to increase vascular flow in patients
after digital reimplantation surgery.15

The naive original notion that the three nerves in
greatest proximity to the axillary artery (median, ulnar,
and radial nerves) can be blocked equally by a catheter
placed in the notional axillary sheath16 is proving not to
be correct.17 Many of those who use this technique
identify and then place the catheter by the nerve that
primarily supplies the part of the arm that is the target
of the surgery. In attempts to reduce the risk of infection
and limit catheter movement and therefore the chance
of dislodgement, some anesthesiologists also tunnel
the catheter away from the apex of the axilla in order to
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allow it to emerge from a cleaner and less mobile piece
of skin.

PERICLAVIULAR BRACHIAL PLEXUS BLOCKS

The periclavicular area offers advantages as a site for the
placement of brachial plexus catheters. In contrast to the

axilla, the skin in this area is clean and relatively
immobile. The increasing popularity of a variety of
infraclavicular blocks has coincided with the increasing
use of these approaches for plexus catheterization.

Infraclavicular catheters have been used for pain relief
after elbow, forearm, and hand surgery, including after
the patient has been discharged home.18[II], 19[II], 20[II]
Ilfeld et al.18[II] compared the use of an infraclavicular

Table 12.1 Catheter locations and examples of indications.

Block technique Examples of indications for each catheter technique

Upper limb

Interscalene block (anterior or posterior approach) Shoulder replacement, hemi-arthroplasty

Open rotator cuff repair

Capsular release and manipulation for frozen shoulder

Acromioclavicular joint reconstruction

Surgery for proximal humeral fractures

Supraclavicular or subclavian perivascular block Shoulder procedures

Elbow replacement or arthrolysis

Elbow fracture dislocation

Forearm and hand fractures

Hand surgery

Infraclavicular block (vertical or other more lateral

approaches), axillary block

Elbow replacement or arthrolysis

Elbow fracture dislocation

Forearm and hand fractures

Hand surgery

Lower limb

Proximal sciatic nerve block Hip arthroplasty

Knee arthroplasty

Cruciate ligament repair

Above or below knee amputation

Foot and ankle surgery

Popliteal fossa sciatic nerve Foot and ankle surgery

Psoas compartment/lumbar plexus block Femoral fractures and surgery

Hip arthroplasty

Knee arthroplasty

Cruciate ligament repair

Femoral nerve block Femoral fractures and surgery

Knee arthroplasty

Cruciate ligament repair

Fascia iliaca block Femoral fractures and surgery

Skin graft harvesting

Knee arthroplasty

Cruciate ligament repair

Saphenous nerve block Foot or ankle surgery involving the medial side

Varicose vein surgery on the long saphenous nerve

Trunk blocks

Intercostal blocks Rib fractures

Open cholecystectomy

Thoracic paravertebral blocks Rib fractures

Breast surgery

Thoracic and abdominal surgery
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brachial plexus ropivacaine infusion with a saline infusion
in patients discharged home after surgery of the upper
extremity; patients receiving the ropivacaine infusion
had less pain, fewer sleep disturbances, used less opioid,
had fewer opioid-related side effects, and were more
satisfied.

The vertical infraclavicular block was first described
by Mehrkens and Geiger21 and has become a popular
approach for catheter insertion in some hospitals.
Compared with axillary plexus blocks, this approach is
associated with more rapid block onset and a higher
success rate.22[II]

The possibility of using the subclavian perivascular
approach originally described by Winnie and Collins23 for
continuous techniques was first mooted by the great man
himself.16 Although there exist proponents of this
approach and the technique is used by some as the basis
of a continuous technique, it has not achieved widespread
popularity.

INTERSCALENE BRACHIAL PLEXUS BLOCKS

Shoulder operations can be extremely painful, and early
and effective rehabilitation is important in improving
postoperative outcome.24 With pain as a significant fea-
ture and placing substantial limitations on rehabilitation,
it is perhaps not surprising that the subject of local
anesthetic infusions via interscalene catheters made a
relatively early appearance in the literature on CPNB25, 26

or that their use for pain relief after major shoulder
surgery, has become widespread.5, 27, 28, 29, 30, 31

A growing body of evidence now confirms that, in
general, continuous interscalene brachial plexus blockade
can provide analgesia that is superior to intravenous
opioids.6[I] For example, patient-controlled (set to deli-
ver a continuous infusion and allow delivery of bolus
doses)27[II], 31[II] and continuous infusion-only inter-
scalene analgesia30[II] improved pain relief and patient
satisfaction and reduced opioid-related side effects
compared with i.v. opioid patient-controlled analgesia
(PCA)27[II], 31[II] and oral opioid analgesia.30[II] Con-
tinuous interscalene analgesia also provided better
pain relief and reduced opioid requirements following
shoulder surgery compared with single-injection inter-
scalene blockade32[II] and local anesthetic infusions into
the glenohumeral joint or subacromial bursa,33[II]
although the incidence of minor side effects may be
increased.33[II]

There have been reports of successful interscalene
brachial plexus catheterization by the posterior approach
to this part of the brachial plexus using the techniques
described by Pippa et al.34 and Boezaart et al.35 Although
this approach has been criticized,36 it has been shown to
be relatively safe and effective when used as a single-shot
block,37[V] or continuous infusion after painful shoulder
surgery.38[V]

As a footnote, it is worth mentioning that the skin over
the most popular entry point for access to the interscalene
brachial plexus – the lateral approach or Winnie techni-
que39 – is also relatively mobile. For this reason, some
anesthesiologists who use this technique tunnel the
catheter to more immobile skin.40, 41

Discussion about the complications that might be
associated with this block are covered below under
Complications.

Lower limb

It is arguable that whereas the available published evi-
dence indicates that continuous regional analgesia of the
upper limb consistently offers better pain relief and out-
come compared with opioid analgesia, the data for the
lower limb are perhaps not as convincing.

One of the great appeals of CPNB for pain relief after
lower limb surgery is the avoidance of many of the side
effects and complications associated with the regional
anesthetic and analgesic alternatives: spinal and epidural
blockade. The use of CPNB avoids the possibility of sig-
nificant sympathetic block and limits blockade to a spe-
cific extremity while making analgesia virtually limitless.42

PSOAS COMPARTMENT BLOCKS

Psoas compartment blocks, also called lumbar plexus
blocks, were first described by Chayen et al. in 1976.43 By
blocking the three primary components of the lumbar
plexus (femoral nerve, obturator nerve, and the lateral
cutaneous nerve of the thigh), this block can provide
analgesia for hip, thigh, and knee surgery. If combined
with a sciatic nerve block, it can provide analgesia for
virtually the whole lower limb.

The traditional landmarks for the block have been
refined on a number of occasions44, 45 with the aim of
maximizing the success rate and minimizing the inci-
dence of complications, most notably accidental epidural
and spinal injection of large volumes of local anesthetic
drug. Prolongation of this block can readily be achieved
by insertion of a catheter, and the relatively immobile skin
over the insertion site of the block is associated with a low
incidence of accidental dislodgement.46

Continuous psoas compartment blocks have been
shown to provide more effective analgesia than i.v. opioid
PCA after surgery for acetabular fractures,47[III] or hip
fractures,48[II] total knee joint replacement,49[II] and
total hip replacement.44[II] In patients having partial
hip replacement surgery, there was no difference in pain
relief or patient satisfaction between continuous psoas
compartment blocks and epidural analgesia, although
patients in the epidural group had greater motor blockade
and significantly more complications, and delayed
ambulation.50[II]
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As mentioned above, complications of this block have
included accidental placement of attempted psoas com-
partment catheters into the subarachnoid or epidural
spaces.51, 52, 53

FEMORAL NERVE AND FASCIA ILIACA BLOCKS

The traditional anterior femoral nerve block remains
popular for analgesia after knee surgery. It can also pro-
vide effective pain relief after lower limb vascular surgery
and skin grafting.54, 55

After total knee arthroplasty, there is conflicting evi-
dence whether continuous femoral nerve infusions pro-
vide better analgesia than single-shot femoral blocks with
both better pain relief 56[II] and no difference57[II]
reported. However, compared with i.v. PCA opioids, most
studies show that continuous femoral nerve infusions
lead to better pain relief at rest and with movement,
49[II], 58[II], 59[II] better postoperative knee flexion,58

[II], 59[II] and earlier discharge;58[II], 59[II] although this
may not always be the case.60[II] Pain relief, knee flexion,
and length of stay were similar to epidural analgesia,
although side effects were more common with the latter
technique.58[II], 59[II], 60[II], 61[II]

Although it has been shown that continuous femoral
nerve blocks can improve analgesia after total knee
replacement, the knee is also innervated by the sciatic
nerve and, on occasion, the obturator nerve. It has been
suggested that fully effective analgesia of the knee may
therefore require the blockade of both femoral and sciatic
nerves,62 although another study showed that combined
sciatic and femoral nerve blockade did not improve
analgesia compared with femoral block alone.63

Similarly, in a study that compared combined con-
tinuous femoral–sciatic nerve blocks with epidural
analgesia for pain relief after total knee replacement, pain
on mobilization was well controlled in both groups and
there were no differences in the length of hospital stay or
rehabilitation indices; there was a greater incidence of
motor blockade in the combined femoral/sciatic nerve
block group, but a lower incidence of other side effects
compared with those given epidural analgesia.64[II]

Similar results have also been reported after total hip
replacement. Continuous three-in-one blocks provided
pain relief that was comparable to i.v. morphine and
epidural analgesia; the incidence of nausea, vomiting,
pruritus, and sedation was reduced compared with i.v.
morphine and there was a reduced incidence of urinary
retention and hypotension compared with epidural
analgesia.65

The original description of the three-in-one block
claimed that local anesthetic injected into the femoral
sheath just below the level of the inguinal ligament would
spread proximally to provide blockade of the femoral,
obturator, and lateral cutaneous nerves of the thigh.66

The increasing realization that blockade of the latter two

nerves of this trio is produced by lateral rather than
proximal spread of the local anesthetic has supported the
use of subfascial blocks, such as the fascia iliaca block.
Successful reports of the use of fascia iliaca catheters
exist for both adults and children who undergo knee
surgery.67, 68, 69 Continuous fascia iliaca blocks result in
opioid-sparing and improved range of motion during the
immediate postoperative period.68[II] Morau et al.69[II]
showed that it may be faster to place a fascia iliaca
catheter compared with a three-in-one catheter, but that
there was no difference in pain relief or opioid
requirements.

While the use of continuous local anesthetic infusions
via femoral nerve catheters can provide safe and reliable
analgesia after anterior cruciate ligament repair, there is
no evidence of better pain relief or fewer side effects
compared with PCA opioid analgesia.70[III] However,
pain relief is better than intra-articular local anesthesia
following this type of surgery.71[II], 72[II] Clear demon-
strations that outcome in terms of decreases in significant
morbidity, or even mortality, with any form of pain relief
are unlikely to ever be forthcoming in this relatively
minor procedure on fit people.

SCIATIC NERVE BLOCK

The sciatic nerve is the largest peripheral nerve in the
body and is easy to block. Although Labat’s original
posterior approach has much to commend it and little to
criticize,73 it has not prevented the development of an
increasing number of allegedly novel approaches to this
nerve. Blockade of the sciatic nerve can be achieved at any
place along its course, the exact location of blockade
affecting the distribution of analgesia.46 Proximal block-
ade of the nerve will provide effective analgesia after knee,
shin, ankle, and foot surgery; popliteal sciatic nerve
blockade will provide effective foot and ankle analgesia,46

and can be used for postoperative pain relief at home.74

As with most blocks that can be performed using a
single-shot approach, insertion of a catheter is also pos-
sible. However, the depth of the nerve at the Labat
approach and the right-angle that the needle makes with
the nerve can make this far from simple. Smith et al.75 was
the first to describe the use of a Tuohy needle for this
approach, a technique that has since been used by
others.76, 77 The subgluteal approach appears to be
increasing in popularity, perhaps in part because it is
possible to alter the direction of the needle so that it
approaches the nerve at an angle that is more conducive
to easy catheterization. Insertion of a catheter by the
anterior approach is also possible.78

The use of a peripheral nerve catheter sited at the level
of the popliteal fossa to block the sciatic nerve has been
well described, and many studies report its success for
analgesia after foot and ankle surgery, with few side
effects.46 After lower extremity surgery74[II] and foot
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surgery79[II], 80[II] continuous popliteal sciatic nerve
blockade has been shown to result in better pain relief,
74[II], 79[II], 80[II], 81[II] lower opioid requirements,
74[II], 80[II] fewer side effects,74[II] greater patient satis-
faction,74[II], 80[II] improved sleep,74[II], 81[II] and
earlier patient discharge,80[II] compared with opioid
analgesia alone. Most authorities report the use of a
posterior approach, but the successful use of a lateral
approach has also been described.82, 83 Continuous
popliteal sciatic nerve infusions have been effectively and
safely used in patients who are discharged home with the
catheter in place.74, 80

RECOMMENDATIONS FOR CPNB AFTER HIP AND KNEE
SURGERY

The European PROSPECT group (PROcedure-SPECific
postoperative pain managemenT)84 has recommended
femoral nerve block for analgesia after hip arthroplasty,
largely based on its efficacy for analgesia after hip fracture
surgery.85[II] The group concluded that femoral nerve
blockade is preferred to neuraxial blockade or parenteral
opioids, in part because of the lower incidence of side
effects (see above under Femoral nerve and fascia iliaca
blocks), they suggest use of a continuous infusion rather
than a single-shot block, and note that while psoas
compartment blocks are more effective, there is a greater
potential for more serious complications.84[II]

More recently, the same group assessed the evidence
for pain relief after total knee arthroplasty.84[V] While
they again recommended femoral nerve block based on
efficacy of analgesia, they found that the available data
did not allow them to say that a continuous block was
preferable to a single-shot block (they note one study
published after the cut-off date for their literature search
suggested that continuous blockade was more effective);
they did not recommend psoas compartment blocks
because femoral nerve blocks are equally effective with
fewer complications.84[V]

Trunk

CONTINUOUS PARAVERTEBRAL BLOCKADE

Paravertebral blockade as an analgesic technique resided
in the doldrums until it was revived by a report by Eason
and Wyatt in 1979.86 Publications by groups in the UK,
USA, the Middle East, and Scandinavia then led to a
revival in interest in this technique.87, 88, 89, 90 Although
indications for paravertebral blockade are relatively few in
number, they can prove useful in a number of situations.
Continuous paravertebral blockade has now been
described for major unilateral breast surgery,91 bilateral
breast surgery,92 outpatient breast surgery,93 rib frac-
tures,94, 95 shoulder surgery,96, 97 after minimally invasive

direct coronary artery bypass surgery,98 after major vas-
cular surgery,99 and in the treatment of postherpetic
neuralgia.100

Continuous paravertebral blockade has been shown to
be superior to systemic opioid administration as part of a
multimodal analgesia technique after thoracotomy.101

[III] The comparison between postthoracotomy analgesia
provided by paravertebral blockade and epidural blockade
has attracted a great deal of academic interest. A recent
meta-analysis identified ten qualifying, randomized
prospective trials that compared these two techniques
in patients undergoing thoracotomy.102[I] After meta-
analysis of the results from 520 patients, the majority of
whom underwent continuous epidural or paravertebral
blockade as opposed to single-shot techniques, the
authors concluded that the analgesia provided by para-
vertebral and epidural blockade was equivalent. However,
the use of paravertebral blockade was associated with a
significantly lower incidence of pulmonary complications,
urinary retention, nausea, vomiting, hypotension, and
failed blocks. They concluded that paravertebral blockade
has a better side effect profile than epidural blockade in
this context and that its use can be recommended for
major thoracic surgery. Other comparisons of continuous
paravertebral blockade and epidural analgesia after thora-
cotomy for lung resection103[II] and minimally invasive
direct coronary artery bypass surgery98[II] also concluded
that there was no difference in pain relief, but that con-
tinuous paravertebral blockade may be associated with
fewer adverse hemodynamic effects.103[II]

INTERPLEURAL BLOCKADE

Interpleural blockade – the result of the administration of
local anesthetic drugs between the parietal and visceral
layers of the pleura – is termed by some as ‘‘intrapleural
blockade.’’ It has a shorter history than paravertebral
blockade, having first been presented in 1984 and pub-
lished in 1986;104, 105 it has been the subject of a recent
two-part review by Dravid and Paul.106, 107 It has similar
applications to paravertebral blockade and has been used
for pain relief after upper abdominal surgery,108 breast
surgery,109 renal surgery,110 and thoracotomy.111

It is this last application about which debate has
occurred on the subject of its efficacy. Studies have pro-
duced conflicting results, with some concluding that
continuous interpleural analgesia is more effective than
pain relief using opioids alone,112[II], 113[II] and others
concluding that it is not.114[II], 115[II] It is possible that
the variable results achieved with this technique after
thoracotomy may be related to the presence of a chest
drain, which would be expected to drain the local anes-
thetic away from the pleura.112 Alternatively, the local
anesthetic drugs may bind to blood proteins in effusions
or suffer an uneven distribution within the postsurgical
pleural cavity.112 Diaphragmatic irritation and scapular
retraction may be other reasons why interpleural block
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alone may not be completely effective after a
thoracotomy.

Richardson et al.116[II] performed a prospective,
double-blind trial comparing interpleural with para-
vertebral block after thoracotomy. Compared with inter-
pleural block, they found that paravertebral blockade was
associated with similar pain scores and PCA opioid use,
but fewer side effects and better preservation of lung
function.

After thoracotomy for minimally invasive direct cor-
onary artery bypass surgery, interpleural analgesia resul-
ted in better pain relief than thoracic epidural analgesia
for only the first 12 hours, but the incidence of compli-
cations was lower.117[II]

INTERCOSTAL BLOCKS

Continuous intercostal blocks have also been used in
acute pain management. However, analgesia after thora-
cotomy is not as effective as continuous epidural
analgesia.118[II]

CONTRAINDICATIONS

The contraindications to single-shot or continuous per-
ipheral nerve blocks are well known, but bear repetition.
Although it is popular to divide them into absolute and
relative contraindications, the authors prefer not to create
an artificial division, preferring to rank them starting with
those factors most likely to prevent an anesthesiologist
from performing the block.

Patient refusal

Obviously, nerve blocks should not be performed in a
patient who is capable of consent and who refuses even
after careful explanation of its risks and benefits – in
many countries to do so would constitute common
assault. In addition, not all patients may be willing or able
to accept the responsibility that accompanies ambulatory
use of CPNB techniques.

Allergy to local anesthetic drugs

Reports of alleged allergy are common but true allergy is
rare.119, 120 A common report of local anesthetic allergy
often involves the systemic injection of a catecholamine
vasoconstrictor in the dentist’s chair.121

Disorders of coagulation

Treatment with anticoagulant drugs or the existence of a
significant coagulopathy is considered by many to be a

contraindication to central neuraxial blocks, although
there exists ongoing debate about the extent of the co-
agulation derangement that would constitute an absolute
contraindication. The American Society of Regional
Anesthesia has published useful guidance on this which
has been highlighted in a paper by Horlocker et al.122

The situation with regard to peripheral nerve blocks is
perhaps not so clear cut. Although few significant prob-
lems have been reported in patients with a coagulopathy
undergoing CPNB, the literature is not devoid of such
reports.

One case report details the use of an axillary brachial
plexus catheter in a hemophiliac patient with no adverse
effects.123 Another paper reports on three patients who
had undergone total knee arthroplasty with femoral and
sciatic nerve catheters being placed to provide post-
operative analgesia; all patients were receiving enox-
aparin.124 In all three patients, some bleeding was noticed
before catheter removal and in one of these massive thigh
swelling occurred after catheter removal. Another report
of a patient receiving low molecular weight heparin
therapy in the presence of a lumber plexus catheter
described the development of a sciatic nerve palsy after
surgery.125 Although the peripheral nerve catheter was
initially suspected to be the cause of the complication, it
was found to have resulted from a periarticular hema-
toma compressing the sciatic nerve. These case reports
highlight the need for close postoperative supervision of
the patient.

Little can be concluded from sporadic case reports of
the safety or complications related to the use of CPNB in
coagulopathic patients. In the absence, and likely con-
tinuing absence, of definitive data, the opinions of experts
must be relied upon. The decision of whether to perform
a block in patients with a pathological coagulopathy,
being given anticoagulant drugs, or who are likely to be
given anticoagulant or thromboprophylactic drugs after
surgery, is one that cannot be definitively guided by the
available literature. It is a decision that must be taken
on an individual patient basis, taking into account the
following factors:

� the likely benefits to the patient of the block (e.g. it
may be that few would criticize an expert if they
were to perform a sciatic nerve block by the
posterior approach in an elderly, infirm, and
anticoagulated patient with tight aortic stenosis and
severe chronic obstructive pulmonary disease, in
order to avoid general anesthesia or neuraxial
blockade; this may not be the case if the
anticoagulated patient were younger and
fitter);

� the proximity of the block technique to major blood
vessels and the likely incidence of arterial puncture;

� the experience, expertise and confidence of the
anesthesiologst;

� the extent or likely extent of the coagulopathy.
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Infection

LOCAL INFECTION

Few anesthesiologists would choose to pass their block
needles through an overtly infected area of skin or into a
part of the body in which sepsis is suspected. This is
particularly true of catheter-based continuous techniques.

SYSTEMIC INFECTION

The literature contains articles on the risk of infectious
complications after regional anesthesia in febrile or
immunocompromised patients; some of these articles
offer advice on clinical management, while admitting that
this advice is often expert opinion at best.126, 127 Although
the focus of Wedel and Horlocker’s article126 on regional
anesthesia in the febrile or infected patient is spinal and
epidural blockade, presumably because they are associated
with a higher incidence of infectious complications, such
as meningitis or epidural abscess, the recommendations
they make at the end of the paper can be paraphrased in
the context of continuous peripheral nerve blocks:

� the decision to perform a peripheral nerve block
must be made on an individual basis considering the
anesthetic alternatives, the benefits of regional
anesthesia and analgesia, and the risk of central
nervous system (CNS) infection (which may
theoretically occur in any bacteremic patient);

� consideration should be given to the removal of
catheters in the presence of local erythema and/or
discharge; there are no convincing data to suggest
that concomitant infection at remote sites or the
absence of antibiotic therapy are risk factors for
infection.

Given the likely (or assumed) lower incidence of infec-
tious complications associated with peripheral nerve
blocks, or at least their likely lower risk of grave impli-
cations, experts may take slightly more license in the
performance of CPNB in febrile patients. However, they
may be more reluctant to perform such a block in a
patient with significant, untreated systemic sepsis and
even more so to pass their block needle or catheter
through frankly infected skin. However, in some cir-
cumstances it may be believed that a septic patient may
derive particular benefit from the avoidance of a general
anesthetic and the decision to perform a nerve block will
remain a matter for consideration on an individual
patient basis.

Preexisting neurological problems

Some neurologists in the past may have advised against
the use of peripheral nerve blocks in patients with

degenerative neurological disorders, most commonly
multiple sclerosis. While there are no published data to
support the view that the use of either single-shot or
continuous peripheral nerve blocks can lead to a dete-
rioration in these diseases, if the performance of the
peripheral nerve block coincides with an acute dete-
rioration in the neurological disorder, the anesthesiologist
is likely to be apportioned blame for the deterioration. In
such cases, the decision to use CPNB will depend on an
assessment of the risk and benefit for each patient and
whether the technique is thought to offer particular
clinical advantage to the patient.

Block-specific contraindications

There exist absolute and relative contraindications to
particular peripheral nerve blocks and therefore to their
associated, derived continuous techniques. These are
more correctly considered in texts on single-shot blocks.
However, as an example, Urmey et al.128 demonstrated
with ultrasound imaging that the performance of a suc-
cessful interscalene brachial plexus block is associated
with a 100 percent incidence ipsilateral hemidiaphrag-
matic paralysis, proposing this was due to the inevitable
block of the phrenic nerve during interscalene block.
Although few patients become subjectively or objectively
breathless as a result, there have been reports of
dyspnea and desaturation in association with this
phenomenon.129, 130 This effect of a single-shot inter-
scalene brachial plexus block is sustained during con-
tinuous interscalene analgesia by infusion of local
anesthetic drugs.131 Therefore, any patient who might be
compromised by hemidiaphragmatic paralysis, such as in
the presence of significant lung disease, should undergo
neither the single-shot nor the continuous technique. The
incidence of phrenic nerve block as one descends the
brachial plexus decreases such that it is thought to be 0
percent for the axillary brachial plexus block, although a
low incidence has been claimed for just one relatively
high brachial plexus block – the bent needle technique
described by Cornish.132 Bilateral interscalene blocks are
to be avoided for fear of precipitating ventilatory failure
even in healthy patients.

EQUIPMENT

Catheterization kits

There are now a number of different catheterization kits
available. Catheterization equipment can be divided
broadly into catheter-through-needle or cannula-over-
needle-catheter-through-cannula designs. The latter for-
merly dominated the market; the former is now prevalent.
The needles used are almost always insulated and
designed to be used with a peripheral nerve stimulator.
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The tips of the needle can be faceted, pencil-point, or
Tuohy-tipped. The ability of the Tuohy tip to direct the
catheter at an angle to the shaft of the needle is thought to
aid catheterization in approaches in which the needle
does not pass parallel to the nerve or nerve sheath. Denny
et al.133 describe early experiences with a Tuohy system,
arguing that the design facilitates plexus sheath cathe-
terization. The catheter can be a plain plastic tube or a
stimulating catheter – one which can be connected to a
peripheral nerve stimulator so as to allow the position of
its tip to be identified if it is within reasonable proximity
to a nerve that has provides innervation to a muscle.134,
135 The stimulating catheters are more expensive than
their nonstimulating counterparts and can be stiffer and
therefore more difficult to place. While their ability to
provide confirmation of correct placement both before
initial injection and during postoperative use has been
seen as an advantage,136[III], 137[III] evidence of benefit
compared with conventional catheters is mixed.138[III]

In one study, stimulating catheters used for inter-
scalene plexus blocks led to faster onset of the block and
improved postoperative analgesia in patients undergoing
shoulder surgery compared with conventional cathe-
ters.139[II] However, in another study comparing stimu-
lating and conventional interscalene catheters, although
onset of motor block was faster in the stimulating
catheter group, there was no difference in pain relief.140

[II] Results for continuous femoral nerve block are also
mixed with one comparison of stimulating catheters
versus nonstimulating catheters for anterior cruciate
ligament reconstruction showing faster onset block, but
no difference in pain relief,141[II] while another group
reported no difference in onset time of sensory and motor
block or postoperative pain.138[III] When comparisons
were made for continuous posterior popliteal sciatic nerve
blocks used for elective foot surgery, a significantly
shorter onset time of both sensory and motor block was
reported when stimulating catheters were used compared
with nonstimulating catheters, but again there was no
difference in quality of pain relief at rest and with
movement between the two groups.136[II]

If a stimulating catheter is to be used to aid placement,
the anesthesiologist must be careful not to inject local
anesthetic down the introducing needle before inserting
the catheter – this will make nerve stimulation impos-
sible. However, injection of some fluid is thought to aid
catheter passage; the use of saline or dextrose for this
purpose is both rational and effective.134

Ultrasound imaging is being increasingly used to guide
needle placement in regional anesthesia,142 and in the
insertion of peripheral nerve catheters.143 With skill and
experience, it is possible to visualize the tip of a catheter
and to thereby confirm its proximity to a target nerve.
During injection down the catheter, it is possible to see
the local anesthetic spreading around the catheter.
Anesthesiologists are starting to use ultrasound contrast
(agitated local anesthetic solutions that contain myriad

small air bubbles that show well on ultrasound) to
identify the spread of local anesthetic with some
certainty.142

Pumps

An increasing number of infusion pumps for continuous
regional analgesia are being brought into the market to
match the increasing interest in this form of treatment.
The pumps can be elastomeric or electronic; they can
infuse at fixed rates or variable rates; and they can
have the facility for patient-controlled bolus injections.
Different pumps will suit different environments and
different applications. In general, those pumps designed
for epidural infusion are reasonably well suited to con-
tinuous neural blockade as they are designed to infuse
against the relatively high resistance of a long, thin
catheter.

Elastomeric pumps are usually used in patients who
will be discharged with CPNB in place. These pumps have
a (small) choice of infusion rates� patient-controlled
bolus doses, are robust and simple to use.

In a review of portable infusion pumps (three elec-
tronic and three elastomeric) used for continuous region-
al analgesia, it was noted that infusion rate accuracy
differed significantly among the pumps; elastomeric
pump infusion rates increased with an increase in tem-
perature; and battery life was a limiting factor in one
of the electronic pumps.144 Another review of portable,
bolus-capable infusion pumps used for patient-controlled
continuous regional analgesia also showed this variation,
suggesting that flow-rate accuracy and consistency, infu-
sion profile, and temperature sensitivity should be taken
into consideration when choosing a portable infusion
pump for local anesthetic administration.145

DRUGS

Local anesthetics

CHOICE OF DRUG

Any local anesthetic can be used, but there are few who
use the perhaps more logical choice of the shorter-acting
agents lidocaine and prilocaine. Tachyphylaxis has
been reported with the former146 and the latter is
known to be associated with occasional cyanosis
caused by methemoglobinemia.147 It is perhaps for
these reasons that these drugs have not been favored.
Bupivacaine,31, 80, 148, 149 levobupivacaine,150, 151 and
ropivacaine20, 149, 150, 152, 153, 154 have all been used for
CPNB, but in general there are insufficient data available
to suggest an optimal local anesthetic solution. It has been
argued that ropivacaine should be favored as it has the
capacity to be motor-sparing so that more movement is
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retained for a set degree of sensory block. Indeed, the late
Andrea Casati preferred ropivacaine to lidocaine for this
reason.155[III] However, the evidence for this difference in
CPNB is limited and mixed.

For example, 0.2 percent ropivicaine provided the
same degree of pain relief when used in interscalene
CPNB after shoulder surgery when compared with
0.15 percent bupivicaine,149[II] or 0.125 percent
levobupivicaine,151[II] but a greater degree of motor
block was observed following the bupivicaine149[II]
and no difference151[II] noted with levobupivicaine.
A similar study using double the concentrations of
these drugs (0.25 percent levobupivacaine and 0.25 and
0.4 percent ropivacaine) showed that pain relief and
motor block for an interscalene catheter infusion were
similar after both 0.25 percent levobupivacaine and
0.4 percent ropivicaine and better than 0.25 percent
ropivicaine.156[II] In a study of popliteal catheter infu-
sions, Casati et al.150[II] also showed that 0.125 percent
levobupivacaine was roughly equivalent to 0.2 percent
ropivacaine, both in terms of analgesia and motor block
sparing effect.

The term ‘‘analgesic gap’’ has been used for the
period of inadequate analgesia that often occurs after the
offset of the initial block associated with catheter
placement, but before the subsequent local anesthetic
infusion has taken full effect.5, 157 This may be particularly
difficult to manage if the patient is discharged after day-
care surgery with a catheter and infusion system in place.
It is important that regular oral analgesia is commenced
prior to the block wearing off and that additional
analgesia is readily available and used at first sign of
discomfort.

DOSE REGIMENS

Anesthesiologists have used a number of different infu-
sion strategies which range from simple continuous fixed
infusion rates,13, 20, 148, 154 through to patient-controlled
intermittent bolus doses only,20, 148, 152 and a combination
of the two.20, 148, 149, 152, 153 In general, the optimum local
anesthetic regimen for CPNB appears to be a combina-
tion of continuous infusion plus patient-controlled bolus
doses.20[II], 148, 152[II] In their review article of CPNB,
Grossi and Allegri2 also concluded that the best infusion
regimen was a combination of a preset basal infusion
together with intermittent bolus dose administration for
almost all CPNB in adults.

There is no good evidence as yet for the optimal
infusion rate, size of bolus dose, or lockout interval,
although infusion rates of 5–10mL per hour, bolus
doses of 2–5mL per hour and lockout intervals of
20–60 minutes have been used successfully.158 However,
there will always be variation between patients, and
infusion regimens should be adjusted to provide the
desired effect.

TOXICITY

The continuous infusion of local anesthetic drugs
creates the possibility that plasma levels may increase
over time, such that toxic levels are eventually
achieved. Although there have been no reports of cardi-
ovascular collapse due to high plasma levels of local
anesthetic, there have been reports of minor subjective
sensations likely to be associated with high plasma
levels.26 Plasma ropivacaine levels after an interscalene
block with ropivacaine 7.5mg/mL 30mL followed by
infusions of ropivacaine 2mg/mL 9mL per hour in
patients with a mean weight of 75 kg were well below
thresholds for CNS toxicity and this dosing regimen
would therefore appear to have a wide safety margin.154

[III] Peak plasma levels may be lower with patient-con-
trolled bolus doses than continuous infusions.159[II]
Although there are, as yet, no reports of local anesthetic
toxicity resulting from infusion pump malfunction, this
remains a potential hazard.

Local anesthetic toxicity due to accidental intra-
vascular injection or rapid absorption is a known
complication of all peripheral nerve blocks, and was
associated with cardiac arrest (1.4 per 10,000) or seizures
(7.5 per 10,000) in a prospective survey of over 21,000
cases.160

Adjuvant drugs

Most drugs added to local anesthetic solutions as
adjuvants are added in order to prolong the duration
of a single-shot block or to speed its onset. When
using continuous regional analgesia, these considerations
are not valid – the onset need not be rapid and the
block can be prolonged with the simple expedient
of not turning the pump off. The addition of adrenaline
(epinephrine) has its advocates as an indicator that
can be used for the first injection down a catheter to
exclude intravascular positioning. Its addition to lido-
caine for single-shot blocks prolongs duration and
intensity.161, 162, 163 However, there is little logic in its
use for CPNB.

Clonidine is an alpha-2 adrenoceptor agonist – for
more details on its pharmacology see Chapter 6, Clinical
pharmacology: other adjuvants. There is some evidence
that the addition of clonidine prolongs the duration of
single-injection blocks,164[II], 165[I] albeit at the cost of a
slight increase in patient sedation.164[II] However, there
seems to be little benefit in terms of better pain relief
when it is added to local anesthetic solutions use for
CPNB,19[II], 166[II], 167[III] and it may delay recovery of
motor function.166[II] Klein and Nielsen168 have recently
supported the view that although adjvants can prolong
the duration of single-shot local anesthetic blocks, sig-
nificant and flexible prolongation is only really possible
with ongoing infusions.
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POSTOPERATIVE CARE

The approach to the care of a patient with a peripheral
nerve catheter needs to be multidisciplinary. The patient
and their carers, whether in hospital on a ward or in the
patient’s home, need to be familiar with the catheter and
pump, and know how to manage block failure and to
recognize and treat local anesthetic toxicity. This requires
an ongoing education program for all those who will be
caring for the patient, and involves the patient, patient’s
family or carer, hospital nurses, community nurses,
physiotherapists, and medical staff. Information sheets
and guidelines are a useful resource and patient should
be given written advice, including on the care of a
numb limb.

There should be provision for a ‘‘plan B’’ for patients
in hospital and those discharged home. Repeating
blocks and the use of opioid analgesics are practicable
for inpatients, but blocks cannot be repeated for patients
at home. Plans for readmission should be devised and
put in place if necessary. All must be aware of the
early symptoms and signs of local anesthetic toxicity
and arrangements should be made for the disposal of
the catheter and infusion equipment in the home setting.

There have been many successful reports of outpatient
management of CPNB.5, 168, 169 Success in this respect
appears to depend upon good communication and
organization, along with careful choice of surgical pro-
cedure and patient. However, successful outpatient
management of continuous neural blockade is not a
universal experience. Readers are encouraged to read a
series of three publications by Greengrass’s group. The
title of the first paper boldly declared, ‘‘Continuous
interscalene brachial plexus blockade provides good
analgesia at home after major shoulder surgery.’’170 Later
experience led them to entitle their next report of the
program, ‘‘The difficulties of ambulatory interscalene
and intra-articular infusions for rotator cuff surgery.’’157

Their experiences are summarized in a more recent
review that is well worth reading.171

COMPLICATIONS

Continuous neural blockade techniques carry with them
all the general and block-specific complications of the
single-shot block techniques upon which they are based.

Neurological

The possibility of producing permanent nerve damage
rightly preoccupies many anesthesiologists. The subject is
very well covered by three seminal papers that address this
topic for single-shot blocks.160[III], 172[III], 173[II]

The survey by Auroy et al.160 of regional anesthesia
in France in 1997 suggested that the incidence of

neurological problems following peripheral nerve block
(PNB) was 3.8:10,000 (0.4 percent) cases. Over double the
number of PNBs (43,946) were included in their second
survey in 2002172 – compared with 1997 (21,278) – and
the authors reported 12 (0.02 percent) patients with
transient neuropathy and one with a permanent neuro-
pathy, suggesting a rate of 1:43,946 (0.002 percent) for
permanent neurological problems following PNB.

Brull et al.173 reviewed 32 studies investigating the risk
of complications after central neuraxial blockade and
PNB over ten years. On analysis of the 16 papers (65,092
cases) that involved PNB, they found a 3:100 (3 percent)
rate of neuropathy; there was only one report of perma-
nent neurological injury. Of the common PNB techni-
ques, they reported that the rate of neuropathy after
interscalene brachial plexus block, axillary brachial plexus
block, and femoral nerve block was 2.84, 1.48, and 0.34
percent, respectively.

The literature on the neurological complications
associated with CPNB is not extensive but would suggest
that there is no difference in the risks between single-shot
blocks compared with CPNB. Borgeat’s group7 pro-
spectively followed 520 patients for nine months after an
interscalene block (single-shot or continuous infusion)
for shoulder surgery and showed that 17 percent of the
single-shot group and 11 percent of the continuous
infusion group complained of neurological symptoms
postoperatively. Only one of the 520 patients (0.2 percent)
incurred a permanent neurological injury; unfortunately,
this paper does not specify from which group this patient
came.7 Results from another later review by Borgeat’s
group174 also concluded that there was no difference.

It may be that because most catheters for CPNB are
placed by anesthesiologists who are already very experi-
enced in single-shot block techniques, it is predictable
that there appears to be little difference in the incidence of
nerve damage between series of single-shot blocks and
catheters. However, large, randomized prospective studies
would be necessary to prove the lack of a difference
conclusively. It is unlikely that such studies will be
performed.

In a one-year prospective survey of CPNB after
orthopedic surgery, Capdevila et al.175[III] reported three
nerve injuries (0.21 percent), all associated with femoral
nerve catheters but resolving completely within 36 hours
to ten weeks.175 The study by Bergman et al.176 of 368
patients (405 axillary nerve catheters) reported that four
patients (1.0 percent) had new neurological deficits of
which two were attributed to the surgery. Swenson
et al.143 also reported on complications associated with
CPNB; two patients of the 620 included in their study
had transient neurological problems that resolved within
six weeks. The recent study by Wiegel et al.177 of almost
1400 orthopedic patients with anterior sciatic, femoral, or
interscalene brachial plexus CPNB found that 0.8 percent
of patients had transient symptoms and that one patient
(0.07 percent) suffered a permanent neurological injury.
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So to summarize, a reasonable incidence of transient
neurological symptoms following a peripheral nerve
catheter to quote to patients would be 1–11 percent with
the rate of permanent problems less than 1 percent.
However, there have and will be further case reports of
neurological irritation or damage.178, 179

Catheter-related

Just as accidental misplacement of a single-shot block is
not only possible but occasionally inevitable, catheters
can be misplaced. Amongst those reported to be asso-
ciated with CPNB are accidental catheterization of the
epidural space during an attempt at interscalene brachial
plexus180, 181 and psoas compartment175 blocks, unin-
tentional vertebral artery catheterization (which resulted
in local anesthetic toxicity) during an interscalene
approach,182 and the placement of a planned lumbar
plexus catheter into the subarachnoid space.183 There are
also reports of catheters knotting or breaking, which
sometimes requires surgical assistance for catheter extri-
cation.176, 177, 184, 185 Catheter kinking, obstruction, and
accidental removal are so common so as not to warrant
individual publication.

Correctly placed catheters can also give rise to block-
related complications. In one such report, use of a cor-
rectly placed interscalene brachial plexus catheter for
analgesia at home after painful shoulder surgery resulted
in chest pain, dyspnea, and lower lobe lung collapse,
probably secondary to phrenic nerve palsy associated with
this block.186 Another report of respiratory distress fol-
lowing use of an interscalene brachial plexus catheter was
probably due to the same reason.187

Reports of the migration of peripheral nerve catheters
also exist.188, 189 In both these reports, the authors claim
that a catheter originally placed correctly in the inter-
scalene brachial plexus sheath migrated thence to the
pleural space. The latter of these two reports provoked
publication of a letter querying whether this purported
migration was in fact an original misplacement.190

Reports of signs of local anesthetic toxicity more than
24 hours after initiation of a continuous neural block-
ade176 may also suggest catheter migration into a blood
vessel, but more importantly, it highlights the need for the
patient and carer to be aware of the signs of local anes-
thetic toxicity and how to manage it.

Infection

Peripheral nerve catheters left in place can lead to infec-
tion. Although inflammation of the catheter insertion site
and bacterial colonization are relatively common, cases of
overt sepsis are rare. Adam et al.191 reported a psoas
abscess that complicated a femoral nerve catheter. The
catheter had been in place in a fit 35-year-old patient for

some 96 hours when sepsis was noted. The organism was
Staphylococcus aureus; the patient responded well to
antibiotic therapy. Capdevila et al.175 studied more than
1400 patients undergoing CPNB. They noted that only 3
percent of catheter insertion sites became inflamed,
whereas it was possible to culture bacteria from 28.7
percent of the sites; the bacteria found most frequently
were coagulase-negative staphylococcus (61 percent) and
Gram-negative bacillus (22 percent). A psoas abscess
developed in a diabetic patient after femoral catheter
placement; this too responded to antibiotic therapy.

Other studies have also reported high colonization
rates, but low infection rates.192, 193 Wiegel et al.177 noted
inflammation at the interscalene, femoral, and sciatic, but
only found infection (pustules) at femoral nerve sites.

These reports support the view that strict asepsis
should be adopted for catheter insertion and catheter sites
should be observed closely, while continuous neural
blockade is performed with extra care and vigilance for
femoral nerve catheters.

CONCLUDING THOUGHTS

Single-shot blocks are well established in clinical practice
and have demonstrable benefits over and above the
excellent analgesia that they provide. We believe that we
know a great deal about the incidence of the serious
complications of single-shot blocks, and we are therefore
in a position to give our patients the information they
need about the benefits and material risks involved for
them to make an informed choice about their treatment.
The risks of continuous catheter techniques are not yet as
well defined and, arguably, neither are their benefits.

However, the authors would argue that the jury is still to
provide its final verdict on this question, if it ever reaches a
verdict. In the meantime, CPNB should be used when it is
specifically indicated, i.e. in situations in which significant
pain will persist for some considerable time. They should
not be used simply because it is possible to do them.
Continuous techniques will form an important weapon in
the armamentarium wielded by those involved in acute
pain management. However, the role of CPNB may not be
as significant as is envisaged by the many enthusiasts
who currently expound the technique. The development
of sustained release formulations of local anesthetics194 may
ultimately obviate the need for CPNB, but these formula-
tions are not yet being used in clinical practice.

Whatever the future of continuous regional analgesia,
we would advise caution, care, and communication –
with your colleagues and your patients!
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KEY LEARNING POINTS

� Neuraxial techniques are safe and provide better

postoperative pain relief than parenteral opioids after a

wide range of surgical interventions and across different

patient populations.
� Co-administration of neuraxial local anesthetic agents

and opioids enhances the quality of analgesia. New

local anesthetic agents with improved safety profile and

short-acting, highly potent opioids have been developed

and licensed for neuraxial use.
� Different adjuvant drugs may have additional benefits in

terms of analgesia and pharmacokinetic interaction with

neuraxial local anesthetics and opioids.

� Specific indications exist for patient-controlled epidural

analgesia, combined spinal–epidural analgesia and

continuous spinal analgesia.
� In patients having neuraxial blockades, regular

monitoring of analgesic efficacy and potential side

effects is indispensable.
� Neuraxial analgesia appears to improve morbidity in

specific settings, while its impact on mortality is not

clear.
� Neuraxial techniques are associated with a high degree

of patient satisfaction and procedure-related quality of

life.

INTRODUCTION

Neuraxial analgesic techniques were first described in the
late nineteenth and early twentieth century. The German
surgeon August Bier reported the first intrathecal anes-
thesia in 1898,1 while the first lumbar epidural probably
dates back to 1921.2 However, the safety and efficacy of
neuraxial anesthesia and analgesia were only established
in the 1970s.3

Over the following decades, significant progress was
made in both surgical and anesthetic domains, enabling

more and more complex procedures to be carried out in
more and more fragile populations. In this context,
neuraxial techniques cannot only produce reliable
and flexible analgesia, but they also have been advocated
as a method of attenuating detrimental physiologic
responses in the perioperative period and improving
postoperative outcome. This chapter presents a summary
of the recent evidence about epidural and spinal anal-
gesia, evolving indications in specific settings, and the
impact of neuraxial techniques on different outcome
variables.



NEURAXIAL ANALGESIA: INDICATIONS AND
CONTRAINDICATIONS

There are no formal indications, but rather clinical
situations where patient preference and physiology make
a neuraxial block the technique of choice. Thoracic and
abdominal, inguinal, urogenital, rectal, and lower extre-
mity surgery, including ambulatory surgical procedures,
are suited for neuraxial anesthesia and analgesia. While
epidural techniques are indicated for major surgery
where lasting postoperative analgesia is required, spinal
techniques produce rapid anesthesia and analgesia
for up to 24 hours and have advantages in ambulatory
surgery.

Contraindications to neuraxial blockade are patient
refusal, clotting defects, sepsis, poor or limited cardiac
function, and severe hypovolemia. Relative contra-
indications are immunocompromise, preexisting neuro-
logic deficits, or spinal deformities. That preexisting
central nervous system (CNS) disorders should not be
regarded as an absolute contraindication to neuraxial
blockade has been confirmed recently, when a survey
found no increased frequency of complications.4 In con-
trast, clinicians should be aware that neuraxial blockade
in patients with preexisting peripheral sensorimotor
neuropathy or diabetic polyneuropathy may lead to
worsening of neurologic function postoperatively; the
incidence of such severe deterioration in a case series was
0.4 percent (95 percent confidence interval (CI), 0.1–1.3
percent).5

Regardless of formal indications or contraindications,
the decision to perform a neuraxial block must be an
individual one. Detailed physiological and pharmaco-
logical knowledge, as well as patient-informed consent
prior to, meticulous technique during, and continuous
follow up after performance of a neuraxial block are
prerequisites for successful neuraxial analgesia.

MECHANISMS OF NEURAXIAL ANALGESIA

The precise sites of action and mechanisms of specific
neuraxial drug effects are not known, but analgesia is
likely to be mediated via extradural (radicular), subdural
(spinal), and peripheral structures.6 Pharmacokinetic
studies have shown that an epidurally administered drug
diffuses down its concentration gradient into the epidural
fat, where it acts at the spinal nerves that traverse the
epidural space. In addition, the drug diffuses through the
spinal meninges, into the cerebrospinal fluid (CSF) and
into the white matter of the spinal cord dorsal horn where
its central effects are mediated. Spinal analgesics are given
directly into the CSF and correspondingly traverse fewer
structures. Finally, neuraxial drugs reach the plasma
compartment via venous uptake.7

Neuraxially administered local anesthetic (LA) agents
penetrate nerve axonal membranes and bind to sodium

channels, thus reducing postsynaptic depolarization and
nerve stimulus propagation. The effect is nonselective,
involving both autonomic and somatic nerve fibers. In
addition to sodium channels, multiple neurotransmitters
are involved in nociceptive transmission in the dorsal
horn of the spinal cord, such as tachykinins (for example,
substance P), somatostatin, acetylcholine, g-aminobutyric
acid and N-methyl-D-aspartate (NMDA). Neuraxial
administration of LA seems to decrease nociception by
interference with these transmitters.

Clinically, a differential pattern of sensory and motor
block can often be discerned with LA. Thinner C-fibers
that convey pain and autonomic impulses are blocked
first, followed by the preganglionic sympathetic B-fibers
and finally the large A-fibers that transmit touch, pres-
sure, and motor information.

The effects of neuraxial opioids are complex and are
mediated by both peripheral and central mechanisms.3, 8

At a spinal level, they bind to nonspecific presynaptic
afferents to inhibit release of substance P. They also bind
to specific m (mu), k (kappa), and d (delta) receptors in
the substantia gelatinosa of the dorsal horn where they
decrease transmission of nociceptive inputs by hyper-
polarization of postsynaptic neurones and inhibition of
various neurotansmitter releases. After cephalad transport
via the CSF, opioids exert an analgesic action on central m,
k, and d receptors. After intravascular absorption, opioids
have systemic antinociceptive effects on peripheral m
receptors.

DRUGS USED FOR NEURAXIAL ANALGESIA

Local anesthetic agents

Almost every LA agent can be administered neuraxially.
The first LA drugs to be used on a larger scale in the 1980s
were of the ester type, such as procaine and tetracaine.
These were then replaced by amino-amides (for example,
lidocaine, bupivacaine) with an improved safety profile.
When it was found that bupivacaine was associated with
cardiac arrest and life-threatening arrhythmias, levobu-
pivacaine and ropivacaine were introduced. These are
S-enantiomers with similar anesthetic efficacy and
reduced toxicity when compared to the racemic mixture.9

While levobupivacaine is less cardiotoxic, ropivacaine also
appears to cause less motor blockade. A meta-analysis of
neuraxial ropivacaine in obstetric analgesia suggests
clinical advantages, notably a differential block with
improved motor function,10 but the clinical relevance of
this aspect continues to be debated.

Overall, neuraxial LA alone have never become widely
used because of significant block failure and early
regression of sensory block with lower doses and because
of the unacceptable incidence of motor block and hypo-
tension with larger doses.

256 ] PART II MANAGEMENT – TECHNIQUES



Side effects of neuraxial local anesthetics

Serious complications can result from systemic absorp-
tion or inadvertent intravascular injection of LA in large
doses, such as CNS toxicity (alterations of consciousness,
seizures) or cardiovascular toxicity (arrhythmias, con-
duction abnormalities). These side effects will not be
detailed further as this review is centered on complica-
tions resulting specifically from neuraxial administration
of LA.

A review by Hodgson et al.11 about the neurotoxicity
of drugs given intrathecally found that all LA have the
potential to be directly neurotoxic.11 In usual con-
centrations, lidocaine and tetracaine seem to be more
neurotoxic than bupivacaine. In animal experiments,
neurotoxicity with lasting histopathologic and electro-
physiologic changes and neurologic deficits occurred only
when LA were given in high doses and concentrations
within a restricted area.12, 13 The exact mechanism of
nerve injury induced by neuraxial LA remains unde-
termined, but may be related to electrolytic imbalances
at the neuronal membrane. Despite these preclinical
concerns, extensive epidural and spinal use of LA agents
has attested to their relative safety in clinical doses.14

Another more recent concern with intrathecal LA in
clinical doses are transient neurologic symptoms (TNS).
Various types of paresthesias, as well as unilateral or
bilateral pain in the lower extremity pain, were first
reported in 1993 after the intrathecal use of 5 percent
hyperbaric lidocaine.15 Subsequent case series revealed an
incidence of TNS between 4 and over 30 percent,
depending on the type and concentration of LA, type of
surgery, and patient position.16, 17, 18 Average onset of
TNS was 12 to 24 hours after surgery with a duration
between six hours to four days and largely spontaneous
resolution.19 Proposed mechanism of TNS are disruption
of the blood–nerve barrier by highly concentrated LA,
decreased neural blood flow, and irritation of nerve cell
membranes.20 It is most likely not a manifestation of
direct neurotoxicity, as neurological deficits are not part
of the syndrome and all symptoms are fully reversible. In
any patient presenting with neurologic symptoms, the
exclusion of more sinister causes, such as nerve com-
pression or infection, is mandatory.

Another concern, especially with spinal LA, are cardio-
vascular side effects. Blockade of sympathetic vasomotor
fibers leads to a significant fall in peripheral vascular
resistance by both arterial and venous dilation. If the
block level is higher than T5, cardiac sympathetic
outflow is affected, so that marked hypotension and
bradycardia can occur. While hypotension is seen in over
one-third of patients after spinal anesthesia, probably due
to the sudden decrease in peripheral vascular resistance,
the incidence is only between 0.7 and 6 percent with
epidural LA.21

Motor blockade is the rule after intrathecal LA, but
occurs rarely when low concentrations of local anesthetics

are used to provide epidural analgesia. Patients under
epidural analgesia with significant motor impairment
should be followed up carefully, as this might be a
symptom of beginning spinal cord compression.

Opioids

Neuraxial opioids produce intense analgesia without
significant motor impairment. Morphine, fentanyl, and
sufentanil are the most commonly used epidural and
intrathecal opioids, and there is extensive clinical evi-
dence attesting to their efficacy.

Hydrophilic opioids, such as morphine, penetrate
neural tissue slowly, resulting in slower onset, delayed
elimination and a longer duration of action. Furthermore,
hydrophilic opioids have a widespread CSF distribution
with the potential of significant cephalad migration.22 Its
prolonged analgesia (up to 24 hours) makes morphine
suitable for single epidural or intrathecal bolus adminis-
tration. However, respiratory depression limits the use-
fulness of intrathecal morphine doses over 300 mg and
requires prolonged monitoring and some vigilance.
Newer pharmacologic formulations of morphine were
recently introduced into clinical practice, for example
liposome-encapsulated morphine, which provides up to
48 hours of pain relief after total hip replacement surgery,
but sedation and respiratory depression occurred fre-
quently (4 percent of patients requiring naloxone) and
requires careful monitoring and assessment for at least
48 hours.23[II], 24[III]

As opposed to the preferential CSF distribution of
hydrophilic opioids, lipophilic opioids tend to diffuse
into perineural fat and are then released back into the
epidural space. While fentanyl is the neuraxial opioid
most often employed in Australia and in the USA, the
fentanyl analog sufentanil is extensively used in Europe.
Sufentanil is a m receptor selective, highly lipophilic syn-
thetic opioid five to ten times more potent than fenta-
nyl.25 Because of their good bioavailability at the spinal
cord, fentanyl and sufentanil have a rapid onset of action.
Analgesia tends to be segmentally restricted because of
rapid uptake by neural and fatty tissue. The limited
duration of lipophilic opioids aids in recovery after short
procedures.

Side effects of neuraxial opioids

In contrast to LA, even in large doses neuraxial opioids do
not seem to be neurotoxic,26 and motor impairment is
not an issue. However, opioids have several class-specific
side effects, as well as complications specifically related to
their epidural and spinal use.

The incidence of pruritus with intrathecal opioids
varies from 30 to 100 percent and is higher than with
epidural administration.27[II] While the exact mechanism
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remains unclear, opioid-induced pruritus is probably
not histamine-related, but rather due to activation of
spinal m receptors.28 Reviews comparing the side effects
of intravenous and epidural opioids concluded that
epidural administration was associated with slightly more
pruritus (16 versus 14 percent).29, 30[I]

The treatment of opioid-related pruritus is difficult.
5-HT3 antagonists should be the first choice (for example
odansetron 0.1mg/kg i.v.).28[V] Propofol has some effi-
cacy (10mg i.v., followed by a small continuous infusion),
as well as opioid antagonists (for example, naloxone
1–2 mg/kg i.v. per hour, naltrexone 6–9mg p.o.) or low
doses of an agonist/antagonist (for example, nalbuphine
4mg i.v.). There is no evidence in favor of the tradi-
tionally administered antihistamines.

Although intrathecal opioids distribute rapidly within
the CSF and about 10 percent of the dose can reach the
cisterna magna within 30 minutes after lumbar injec-
tion,31 the overall incidence of respiratory depression with
intrathecal opioids is less than 1 percent.7[V] Respiratory
depression after epidural injection is reported in 0.24–1.6
percent of patients.21[V] As lipophilic opioids are
highly potent with a rapid onset of action, they tend to
cause early respiratory depression. In contrast, delayed
respiratory depression is a concern with neuraxial mor-
phine because of its high affinity to CSF with significant
risk of late cephalad spread.

Urinary retention of up to 12 hours after neuraxial
anesthesia is common; after epidural analgesia, urinary
retention occurs in almost one-third of patients,
compared to 15 percent with intramuscular opioids
and 13 percent with intravenous patient-controlled
opioids.30[I] These figures may seem prohibitive.
However, only patients after large surgical procedures
are likely to require postoperative epidural analgesia,
and urinary catheters are routinely inserted in these
patients.

Nausea and vomiting are very distressing side effects of
opioids and are probably mediated by direct stimulation
of the chemoreceptor trigger zone. However, nausea and
vomiting do not seem to be specifically related to neur-
axial administration. In a recent review, the incidence
was approximately 25 percent and was unaffected by
route of administration (intravenous, intramuscular, or
epidural).30[I] Treatment of nausea and vomiting after
neuraxial opioids follows the same principles as other
types of opioid-induced nausea and vomiting.32[V] It
involves 5-HT3 antagonists, such as ondansetron (4–8mg
i.v.), dopamine (D2), antagonists, such as droperidol
(0.625–1.25mg i.v.), and corticosteroids, such as dex-
amethasone (5–10mg i.v.).

Another common side effect of opioids is sedation.
While 4.6–6.4 percent of patients on intravenous patient-
controlled analgesia (PCA) complained of excessive
sedation, the incidence was only 0.9–1.4 percent with
epidural opioids.30[I] Administration of the smallest
possible doses of neuraxial opioids, close clinical

monitoring, as well as avoidance of additional intra-
venous sedatives are useful preventive measures.

Combination of local anesthetics and opioids

Various mixtures of neuraxial LA and opioids have
been studied or are commonly used for both epidural
and spinal analgesia; some are even commercially avail-
able in some countries. Compared with either component
alone, such a combination achieves better analgesia with
lower doses of each component.21 This particularly
reduces the hypotension and motor block seen with
LA. However, one should always bear in mind that
co-administration of LA agents and opioids not only
combines the advantages, but also the potential side
effects of each drug.

Systematic dose-finding studies with regard to
optimal concentrations and combinations of LA-opioid
mixtures have not been undertaken. Clinically, in terms
of pain relief and side effects, differences between
modern LA, such as levobupivacaine or ropivacaine,
mixed with opioids, such as fentanyl or sufentanil, are
probably minor. Typically, lipophilic opioids are chosen
over hydrophilic ones for epidural administration in
combination with local anesthetics. In contrast, hydro-
philic opioids can have advantages in situations where
catheter level and level of incision are incongruent.
Probably the most often used epidural is combination
bupivacaine 0.05–0.1 percent with 2–4 mg/mL of
fentanyl. As co-administration of LA and opioids is
routine practice, premixed solutions are available in many
centers.

Other neuraxial drugs and adjuvants

EPINEPHRINE (ADRENALINE)

Epinephrine is a mixed a- and b-adrenergic receptor
agonist. Its principal effect of interest in neuraxial use is
the intense vasoconstriction it provokes. This markedly
slows the systemic absorption of neuraxial LA and
opioids, so that the sensory block is longer and more
intense.33[II] Addition of neuraxial epinephrine decreases
the doses of LA and opioids used.34[II] Epinephrine can
be an adjunct to intrathecal, as well as epidural, analge-
sics; intrathecal doses are between 100 and 300 mg, and
epidural doses are 0.5–3 mg/mL. Theoretical concerns
have been raised about the detrimental effects of epi-
nephrine on spinal cord blood flow, but these have been
refuted in clinical studies.35, 36

Besides its vasoconstrictive effects, epinephrine may
also have an analgesic effect of its own.37 Indeed, several
studies have shown that the addition of epinephrine to
thoracic epidural analgesia (TEA) with fentanyl and
bupivacaine improved analgesia.38[II]
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ALPHA-ADRENERGIC AGONISTS

Clonidine is an a2-receptor agonist that was introduced
for epidural use in the 1980s. It inhibits pain transmission
by binding to pre- and postsynaptic receptors of noci-
ceptive afferents, particularly in the dorsal horn of
the spinal cord.39 While having sympatholytic (anti-
hypertensive) and sedative properties, the fact that clo-
nidine is devoid of side effects such as respiratory
depression, pruritus, and urinary retention makes it a
potentially useful adjunct to neuraxial LA and opioid
analgesia.

Several studies indicate that small doses of epidural
clonidine (5–20 mg per hour) may improve analgesia,
increase motor block, and reduce the dose of LA
required, but the evidence is mostly weak and incon-
sistent.40[II] Significant side effects, particularly hypo-
tension and sedation, limit the use of clonidine in greater
doses.

In 1998, Armand et al.41[I] undertook a meta-analysis
to analyze the efficacy of extradural clonidine to relieve
postoperative pain. The authors found that meta-analysis
was impossible due to serious methodological flaws in
existing trials and due to lack of consistent study designs
enabling direct comparison. They concluded that despite
the frequent use of epidural clonidine, doses and indi-
cations remained widely a matter of personal habits and
that no sound data for or against the use of epidural
clonidine existed.

Dexmedetomidine is a more selective alpha2-receptor
agonist than clonidine. In a recent study, dexmedetomi-
dine has been described as equipotent to clonidine and as
effective for prolongation of bupivacaine spinal block.42

[II] However, epidural dexmedetomidine is currently
not in clinical use and further studies are needed to clarify
its role.

KETAMINE

Ketamine, a phencyclidine derivative, had long been
used as an anesthetic before it was discovered that it
possessed significant analgesic properties in subanesthetic
doses.43 Among other target sites, ketamine acts as a
noncompetitive antagonist at NMDA receptors where it is
thought to play a role in blocking central sensitization,
wind up, and pain memory. As ketamine is effective in
both acute and chronic pain and has none of the side
effects typically related to LA and opioids, it could be a
very useful adjunct in neuraxial analgesia. Commercially
available ketamine preparations contain potentially
neurotoxic preservatives and should not be used for
spinal or epidural analgesia, but preservative-free keta-
mine is well tolerated.

A systematic review assessed the effects of ketamine as
adjuvant analgesic to various epidural regimens.44[I]
Eight trials were identified and five of these reported
improved analgesia and opioid-sparing effects with no

increase in ketamine-related adverse events, such as
excessive salivation or psychomimetic effects.

Studies on intrathecal ketamine are scarce; in asso-
ciation with bupivacaine it does not appear to improve
analgesia, but to increase side effects.45

More studies are warranted to identify the clinical
applications of neuraxial ketamine.

NEOSTIGMINE BROMIDE

The acetylcholinesterase inhibitor neostigmine bromide
reduces the breakdown of acetylcholine in the dorsal horn
of the spinal cord. In animal experiments, it has been
shown to potentiate muscarinic receptor-mediated
analgesia, but human experience is limited. A multicenter
study of intrathecal neostigmine after hysterectomy found
that neostigmine reduced postoperative analgesic
requirements, but this came at the price of increased and
dose-dependent postoperative nausea and vomiting.46[II]
Epidural neostigmine is more promising and seems to
have a LA-sparing effect, especially in labor analgesia
with concurrent epidural clonidine.47[II] Its routine use
requires further evaluation.

MIDAZOLAM

Benzodiazepines act at GABAA receptors, which are
thought to be involved in antinociception at a spinal level.
Preservative-free midazolam for neuraxial use is presented
in an aqueous solution buffered to pH 3.5. At physiologic
pH, it becomes more lipophilic, which facilitates tissue
penetration. Nishiyama et al.48 reported improved pain
control with a combination of epidural midazolam and
LA compared to LA alone, but increased sedation
occurred with midazolam. In another study, intrathecal
midazolam potentiated the analgesic effect of intrathecal
fentanyl.49 A recent report by Yaksh et al.50 reviewed the
current data about neurotoxicity of neuraxial midazolam
and concluded that, although there seems to be a degree
of safety, further research is necessary and routine clinical
use is currently not recommended.

TIMING AND TECHNIQUE

Timing and duration

Elective surgery can be defined as a ‘‘planned physical
aggression.’’ As the timing and extent of tissue injury
are known, analgesic interventions can be given before,
during, and after the noxious stimulation.

Over the last years, results of fundamental research and
promising animal experiments have shaped the concept
of preemptive analgesia, which means establishing an
effective analgesic level before the actual noxious input
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arises.51 Thus, central nervous perception of afferent
nociceptive impulses could be blocked and acute pain, as
well as central sensitization and pain memory, prevented.
In order to provide preemptive analgesia, an analgesic
intervention given before surgery must be shown to be
more effective than the same analgesic intervention given
after surgery. In this context, neuraxial regimens seem
intuitively appealing because of their easy titrability and
their combined peripheral and central actions. Various
randomized controlled trials (RCT) of preemptive epi-
dural analgesia have been conducted, but clinical benefit
was marginal.52 Currently, there does not seem to be a
role for routine preemptive epidural analgesia.51

Even if neuraxial techniques are not used preemptively,
it is reasonable that analgesia be titrated to an adequate
level during the intraoperative and immediate post-
operative period. The optimal duration of postoperative
epidural analgesia is not clearly defined and decisions
should be made on individual grounds (patient comor-
bidities, extent of surgery, postoperative rehabilitation
program). Commonly, epidural analgesia is maintained
for two to four days after major surgery until the patient
can be switched to a step down regimen of other
analgesics.

Level of insertion of epidural catheters

The location of epidural catheters affects analgesic effi-
cacy.53 Since it has become standard practice to insert an
epidural catheter at the level of the incisional dermatome,
a shift from lumbar to thoracic epidurals for major
thoracoabdominal interventions has been observed.
Although there are no randomized controlled trials
comparing the efficacy of the same epidural drugs
administered via a thoracic or a lumbar approach,
numerous studies have demonstrated effective pain relief
with thoracic epidural analgesia (TEA), especially
dynamic pain relief after extensive thoracic surgery.54[I]

Another advantage of TEA is that the sympathetic
and sensory-motor innervation of the lower abdomen
and the lower extremity remains intact. This translates
into minimal motor blockade, less urinary retention, and
less hypotension compared to lumbar epidurals. While
there are theoretical concerns that the placement of a
TEA may involve a greater risk of spinal cord injury, the
current evidence does not support this view.55

Patient-controlled epidural analgesia and
continuous epidural infusion

In the era of patient-oriented outcome variables and
individualized pain management, giving patients control
of their own analgesia is an important principle. Analo-
gous to patient-controlled intravenous analgesia, patient-
controlled epidural analgesia (PCEA) has been developed

and has become a standard modality of postoperative
analgesia. In most cases, a continuous epidural infusion
of LA and opioids is combined with patient-controlled
bolus administration of the same mixture. To minimize
side effects of repeated bolus doses, a lockout period –
mostly 10–20 minutes – is defined before the patient can
self-administer the next bolus. While this provides reliable
background analgesia during periods of low activity and
at night, the patient can manage his or her pain ‘‘on
demand’’ according to his or her individual needs and
activities. Dedicated color-coded PCEA pumps are avail-
able and should be used in order to avoid confusion with
other intravenous drugs and infusions. Automatic lock of
the PCEA pump after a certain time, and need of an
access code to unlock and modify parameters, are useful
features of safe epidural analgesia.

Combined spinal–epidural analgesia

For performance of combined spinal–epidural (CSE)
analgesia, a needle-through-needle technique is com-
monly employed. First, the larger epidural needle (for
example, an 18-gauge Tuohy needle) is placed in the
lumbar epidural space. Then, the smaller spinal needle
(for example, a 20- or 22-gauge pencil point needle) is
put through the epidural needle until CSF is seen. A single
shot spinal is then given through the spinal needle, which
is subsequently taken out, and a lumbar epidural catheter
is placed.

While the subarachnoid bolus produces immediate
and dense analgesia, the epidural catheter can be used to
top up the block during longer interventions and for
postoperative analgesia. The small dural puncture makes
significant intrathecal diffusion of epidurally adminis-
tered drugs unlikely.

CSE analgesia is an option in prolonged surgery of the
lower extremity and has also been incorporated into the
practice of obstetrical anesthesia, both for labor analgesia
and surgical anesthesia. While the intrathecal component
has a rapid onset of action and offers a dense neuraxial
blockade, the epidural catheter provides prolonged
surgical anesthesia and postoperative analgesia as needed.

Continuous spinal analgesia

Continuous spinal analgesia (CSA) can be used for lower
abdominal and lower extremity procedures. Placement of
a catheter into the subarachnoid space produces rapid
and reliable analgesia. By repeated injection of small doses
of LA (for example, hyperbaric bupivacaine by steps in
2.5mg), the block height can be titrated and analgesia
can be extended as required. Especially in the elderly or in
patients with significant cardiovascular compromise, it
makes sense to avoid the cognitive dysfunction associated
with general anesthesia on the one hand and the
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hemodynamic side effects associated with large intrathe-
cal bolus administrations on the other. Orthopedic
interventions, such as hip replacement surgery, are par-
ticularly suited for CSA.

Until the early 1990s, dedicated CSA microcatheters
(o24 gauge) were available. After multiple case reports
of cauda equina syndrome in 1992,56, 57, 58 the Food
and Drug Administration (FDA) issued a safety alert
and banned these microcatheters. Subsequently it was
found that the neurological complications most likely
resulted from direct neurotoxicity when high concentra-
tions of lidocaine were administered through these small
needles. Currently, there is a prudent revival of interest in
CSA with emphasis on meticulous insertion techniques
and use of small doses and low concentrations of LA.
A recent review concluded that CSA is a safe modality
when patients are carefully selected and appropriately
managed.59 However, CSA catheters are still not available
in most countries so that epidural catheters are often used
for this purpose. A disadvantage of these catheters is the
large dural leak they create and the subsequent risk of
postdural puncture headache (see below under Postdural
puncture headache). This means that CSA should
preferably be used in patients over 75 years where the
incidence of headache is very low.

COMPLICATIONS OF EPIDURAL AND SPINAL
ANALGESIA

Spinal hematoma

Among the most dreaded and devastating adverse
events associated with neuraxial techniques are bleeding
complications with resultant permanent damage of the
spinal cord. Fortunately, despite a rising number of
patients on chronic or perioperative anticoagulant
drugs, spinal hematomas remain very rare, and estima-
tions of its incidence are difficult. In a large Finnish
study based on 23,500 patient insurance claims from
1987 to 1993, the overall incidence was 0.005 percent,
with 0.003 percent of spinal hematomas occurring after
epidural and 0.004 percent after spinal anesthesia.60

Another Swedish report summarizes severe neurological
complications after central neuraxial blockades between
1990 and 1999.61 Among 1,260,000 spinal blocks and
450,000 epidurals, spinal hematoma occurred in only 33
cases, 11 of which were associated with anticoagulation.
However, the consequences of spinal and epidural
hematoma in this review were severe. Only six patients
made a full recovery and 27 suffered permanent neuro-
logical damage, such as paraparesis, cauda equina
syndrome, and sensory deficits. A more recent review of
8120 patients with epidural catheters under the care of an
acute pain service identified two epidural hematomas
(incidence o0.05 percent) with no long-term neurolo-
gical sequelae.62

Technical difficulties with block performance seem
to be the single most important risk factor for spinal
hematoma.63 Therefore, indications for neuraxial block-
ade must be weighed carefully and abandoning the
procedure should be considered in case of difficulties
or ‘‘bloody taps.’’

Another risk factor for spinal–epidural hematoma is
concurrent anticoagulation. In the late 1990s, after the
introduction of low molecular weight heparin (LMWH)
for routine thromboprophylaxis, a sharp rise in the
incidence of spinal hematomas was observed.64 This was
mostly related to intraoperative or early postoperative
administration of LMWH and a twice-daily, high-dose
administration regimen, as practiced in the USA in con-
trast to the European once-daily administration.65 Since
then, there have been several consensus recommendations
for safe practice of epidural and spinal blocks in anti-
coagulated patients. A summary of relevant guidelines
according to the 2003 Second American Society of
Regional Anesthesia and Pain Medicine Consensus Con-
ference on Neuraxial Anesthesia and Anticoagulation
will be given here.66

� Intraoperative systemic heparinization in patients
under neuraxial blockade is safe. The same applies to
low-dose unfractionated heparin (for example, 5000
IU/12 hours subcutaneously). Indwelling neuraxial
catheters should be removed two to four hours after
the last heparin dose; unfractionated heparin can be
started two hours after removal.

� For patients on LMWH, at least 12 hours should
elapse after a standard dose and 24 hours after higher
doses before neuraxial blockade is considered. After
surgery under neuraxial anesthesia, the first dose of
LMWH should be administered after six to eight
hours and then every 24 hours. Epidural catheters
can be removed 12 hours after the last dose, and the
next LMWH dose can be given two hours later.

� Oral anticoagulants should be stopped four to five
days before a neuraxial block. The international
normalized ratio (INR) must be closely monitored
and should be less than 1.5 for catheter insertion and
removal. Low-dose oral anticoagulants (for example
warfarin 3–5mg per day) started after catheter
insertion seem safe.

� With regard to antiplatelet drugs, low-dose aspirin
(for example, 100mg per day) and nonsteroidal anti-
inflammatory drugs (NSAIDs) do not appear to add
a substantial risk, whereas neuraxial blocks should
never be undertaken in patients on clopidogrel,
GPIIb/IIIa antagonists, and direct thrombin
inhibitors. However, as these anticoagulants have
been introduced only recently, no formal studies and
risk calculations exist.

Even with adherence to these guidelines, routine neuro-
logic monitoring should be undertaken in every patient
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after neuraxial blockade, and more so in patients on any
anticoagulant medication.

Infectious complications

Serious infectious complications related to neuraxial
analgesia are very rare. A recent English survey of 8100
patients who had received epidural anesthesia between
2000 and 2005 identified six epidural abscesses and three
cases of meningitis.67 In another study which reviewed
17,372 epidurals, the overall incidence of infectious
complications was 0.05 percent.68 Risk factors, such as
immunosuppression, diabetes, difficult insertion, or
longer catheterization time (greater than three days), were
present in 75 percent. No infections were seen when
catheters were left in place for two days or less.68 Simi-
larly, a very recent review of 8120 patients with epidural
catheters identified six epidural abscesses (incidence o0.1
percent) with no long-term neurological sequelae.62

Epidural analgesia in patients with localized infections is
controversial. Septicemia is generally considered a contra-
indication. Although the data situation is not clear, expert
advice is against the use of neuraxial blockade, other than
single-shot spinal anesthesia in patients with untreated
systemic infections.69 However, Jakobsen et al.70 undertook
a retrospective study of 69 patients with localized skin
infections who underwent repeated epidural catheteriza-
tion and reported no infection. Immunocompromise
should be regarded as a relative contraindication.71

Full sterile technique for performance of neuraxial
blocks is mandatory. Moreover, careful follow up and a
high index of suspicion for infectious complications and
recognition of associated symptoms, such as erythema,
severe back pain, and progressive neurologic deficit, are
required. Early involvement of a neurologist and liberal
use of imaging procedures, such as magnetic resonance,
are indispensable when in doubt. In cases of confirmed
spinal–epidural abcess or meningitis, the most frequent
etiologic organism is Staphylococcus aureus, and timely
administration of probabilistic antibiotics is important.72

Surgical decompression must be realised as appropriate.
The issue of infectious complications has been the topic
of a recent practice advisory of the American Society of
Regional Anesthesia and addressed in an accompanying
editorial.73

Unfortunately, the outcome of patients with spinal or
epidural abcess is bleak. Due to late recognition, the risk
of persistent neurological deficit from an epidural abcess
is almost 50 percent. In an analysis of the literature,
Kindler et al.74 found that this has not improved since the
1970s.

Postdural puncture headache

Postdural puncture headache (PDPH) is a common
complication of spinal anesthesia and occurs in 2 to 3

percent.75 The risk of accidental dural puncture with
epidurals is estimated at 1 percent. Predictive factors for
PDPH are younger patient age, possibly female sex
(parturients), and size and type of needles.76

The pathophysiologic mechanism for PDPH is thought
to be the dural defect induced by needle puncture with
continuous transdural leakage of CSF. Headache occurs
due to decreased CSF pressure, especially when the
patient assumes an upright position because additional
traction is then placed on the meninges.76

Smaller needles decrease the risk of PDPH, but are
technically more difficult to handle. Noncutting (pencil
point tip) needles are associated with fewer dural leaks.
If PDPH has occurred, treatment by epidural blood
patch provides effective tamponade of the CSF leak
and increases subarachnoid pressure. Alternative, albeit
less successful, options are hydration and intravenous
administration of caffeine or intake of caffeinated
beverages. Spontaneous improvement of PDPH occurs in
ten days in over 90 percent of patients.76

EPIDURAL AND SPINAL ANALGESIA IN
SPECIFIC SETTINGS

The use of neuraxial anesthesia and analgesia in obstetrics
is the topic of Chapter 26, Pain in pregnancy, childbirth,
and the puerperium and will not be discussed here.

Cardiac surgery

Cardiac surgery has several unique features that need to
be considered before performing neuraxial analgesia.
First, cardiac surgery is a highly invasive and stressful
intervention that is carried out in a high-risk population.
Second, intense postoperative pain can arise from ster-
notomy, thoracotomy, and chest tube insertion, and this
can lead to chronic pain.77 Third, intraoperative pro-
longed pulmonary collapse and postoperative atelectasis
can cause significant pulmonary dysfunction. Fourth, a
significant proportion of cardiac interventions is carried
out under cardiopulmonary bypass. Significant platelet
dysfunction or coagulopathy may arise from intraopera-
tive anticoagulation. In addition, interventions, such as
prosthetic heart valve surgery, warrant early long-term
anticoagulation.

In this complex and unpredictable setting, it is difficult
to evaluate the risks and benefits of neuraxial blockades
for an individual patient. On the one hand, neuraxial
analgesia seems attractive because it produces excellent
analgesia and has the potential to attenuate the stress
response and improve postoperative pulmonary dys-
function. On the other hand, a particular risk is associated
with the use of epidural and spinal analgesia in anti-
coagulated patients. Several recent randomized controlled
trials and meta-analyses have addressed this topic.
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Intrathecal morphine given as a single-shot injection
via a small needle provides effective postoperative
analgesia up to 24 hours without the risk of spinal
hematoma that might be associated with the use of large
needles and the placement of indwelling catheters. Two
reviews of intrathecal morphine in patients undergoing
cardiac surgery found it to achieve good postoperative
analgesia.78, 79[I] However, no additional benefits were
observed, in particular no impact on the perioperative
stress response. Larger intrathecal doses of morphine may
attenuate the stress response, but they cause an unac-
ceptable delay of extubation.

Epidural techniques provide effective analgesia after
cardiac surgery.78, 79[I] Moreover, TEA has the potential to
selectively block the cardiac sympathetic outflow (T1 to
T5), which was found to attenuate stress-related increases
in heart rate, blood pressure, inotropy, and myocardial
oxygen consumption.80 In a randomized controlled trial
among patients with poor left ventricular function
undergoing coronary artery bypass grafting, TEA was
associated with improved cardiac index, reduced incidence
of arrhythmias, and decreased inotropic requirements.81

[III] While these advantages have been demonstrated,
their clinical relevance is currently not clear.

In contrast, a recent randomized controlled trial
designed to compare thoracic PCEAwith intravenous PCA
after elective cardiac surgery found no significant differ-
ences.82[II] There was only a lower intraoperative con-
sumption of anesthetics and a trend towards reduced
incidence of confusion and pneumonia in patients receiv-
ing PCEA. In 2006, Chaney79 published a review about
intrathecal and epidural anesthesia and analgesia for car-
diac surgery. They found that while TEA induced thoracic
sympathectomy and attenuated the postoperative stress
response, its impact on patient outcome remained unclear,
and TEA seemed to offer no benefits other than analgesia.
Similar results were found in a meta-analysis by Liu et al.
which looked at the effects of perioperative neuraxial
analgesia on outcome after coronary artery bypass sur-
gery.78[I] While TEA was associated with faster extubation,
slightly decreased pulmonary complications, decreased
cardiac dysrhythmias, and reduced pain scores, no differ-
ences in major morbidity or mortality were detected.

In conclusion, intrathecal and epidural analgesia for
cardiac surgery remains controversial. The only proven
benefit is good postoperative analgesia, but this can also
be achieved by a combination of intravenous or oral
opioid and nonopioid analgesics. The risks of neuraxial
blockade in the fully anticoagulated or coagulopathic
patient are substantial.

Thoracic surgery

Thoracic interventions probably come close to cardiac
surgery in terms of invasiveness and perioperative risk.
There is also a high level of intraoperative stress and

postoperative pain after thoracic interventions. In addi-
tion, intercostal nerve dysfunction may result from inci-
sion, retraction, trocar placement, or sutures.83 Intense
pain on respiration can cause postoperative hypoventila-
tion and atelectasis in patients who often present sig-
nificant pulmonary compromise at baseline, and such
acute pain may predict chronic postthoracotomy pain.84

A meta-analysis by Ballantyne et al. concluded that
TEA for thoracic surgery achieved good dynamic pain
control, reduced pulmonary atelectasis, decreased the risk
of infection, and increased oxygen saturation.85[I] A more
recent review found consistent evidence that TEA reduced
perioperative pulmonary complications, especially in
high-risk patients.86[I]

In the future, less invasive surgical techniques, such as
video-assisted thoracoscopy, are likely to be used more
extensively. Whether the benefits of TEA will persist in
this setting will be subject to reevaluation.

Apart from intravenous opioids, new analgesic tech-
niques for thoracic surgery are emerging and compare
favorably to epidurals. Davies et al. compared the efficacy
of epidural and paravertebral blocks.87[I] The latter were
placed under direct vision by the thoracic surgeon. While
both paravertebral and thoracic epidural blocks achieved
good postoperative analgesia and dynamic pain control,
the epidural group had significantly more adverse effects,
such as block failure, hypotension, and urinary retention.
Moreover, paravertebral blocks are less problematic with
regard to anticoagulation.88

Vascular surgery and coagulation

It has long been known that major surgery is associated
with a hypercoagulable state, which persists into the
postoperative period so that patients are at risk of vaso-
occlusive and thrombotic events. Some decades ago it was
proven that the vasodilatation associated with neuraxial
blockades reduced such events.89, 90[II] A recent review,
however, found minimal evidence that epidural analgesia
affected the incidence of deep venous thrombosis or
pulmonary embolism when state-of-the-art thrombo-
prophylaxis was used.86[I]

In a recent Cochrane review, epidural analgesia versus
systemic opioids for abdominal aortic surgery was ana-
lyzed.91[I] Epidural analgesia provided better pain relief at
rest and dynamic pain relief for up to three postoperative
days, and it reduced the duration of postoperative intu-
bation by 20 percent. Epidural analgesia, in particular
TEA, reduced overall cardiac complications, myocardial
infarction, and gastric and renal complications. However,
TEA had no impact on postoperative mortality.

Gastrointestinal surgery

Ileus is common after major abdominal surgery and can
be associated with significant postoperative morbidity. In
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contrast, early enteral feeding reduces septic complica-
tions and improves wound healing.92 The avoidance of
parenteral opioids and the blockade of sympathetic
afferents resulting from epidural analgesia can potentially
reduce postoperative ileus.

A Cochrane review of randomized controlled trials
revealed reduced gastrointestinal paralysis in patients after
major abdominal surgery who had epidural analgesia as
compared to systemic opioids.29[I] High lumbar and
thoracic epidurals were more effective than lower lumbar
epidurals.93 Another more recent review found consistent
evidence that epidural analgesia hastened bowel recovery
by 24–37 hours.86[I] Continuous epidural analgesia
was superior to PCA in relieving postoperative pain, but
was associated with a higher incidence of pruritus.29[I]
Benefits with regard to improved analgesia and shortened
duration of ileus have also been confirmed by a recent
meta-analysis of RCTs in the setting of colorectal surgery;
however, specific complications were also identified and
length of hospital stay was not shortened.94[I]

There was no evidence that epidural analgesia increases
the risk of anastomotic leakage.95[I]

Orthopedic surgery

After hip or knee replacement, epidurals provide better
analgesia, especially dynamic pain relief, than parenteral
opioids.96[I] A review published in 1995 found less
deep venous thrombosis in patients undergoing total hip
replacement or knee arthroplasty under epidural than
general anesthesia.86 However, as pointed out above, the
preventive effect of epidural analgesia on thrombosis
may be less relevant today. Another review found less
postoperative delirium, reduced deep venous thrombosis,
and less pneumonia with epidural analgesia for hip
replacement surgery.97

A recent meta-analysis in patients undergoing total hip
replacement and spinal fusion surgery found that neur-
axial techniques led to reduced blood loss and a reduced
number of patients transfused.98[I]

PROSPECT is a group which provides systematic
reviews of randomized controlled trials leading to
consensus recommendations for analgesia at a dedicated
website (www.postoppain.org),99 e.g. after total hip
replacement.100[I] The authors recommend general
anesthesia combined with a peripheral nerve block, such
as femoral nerve block, as the first option, because this
combination provides reliable analgesia and has a favor-
able risk–benefit profile. An alternative recommendation
is a single-shot spinal anesthesia with LA and opioids,
followed by postoperative intravenous and oral analgesics.
Epidural analgesia is recommended only for patients at
particular risk for cardiopulmonary events.

Similar recommendations have been made by this
group for the treatment of pain after total knee joint
replacement, where again the evidence is more in favor

of peripheral nerve blocks, when benefits and risks are
weighted.

SAFETY AND EFFICACY OF NEURAXIAL
ANALGESIA

Postoperative pain may result in a variety of unfavorable
short- and long-term outcomes, such as psychological
distress, inability to perform physiotherapy, delayed
return to normal function, and chronic pain.101 Over the
last decades, the importance of aggressive pain manage-
ment has been recognized and different forms of neur-
axial analgesia with variable combinations of LA agents,
opioids, and other adjuvants have been developed for
treatment of postoperative pain. Numerous randomized
controlled trials and meta-analyses have attested to the
safety of epidural and spinal analgesia when performed
according to recognized guidelines. Serious adverse
events and mortality are so rare that it is difficult to
obtain reliable data on their incidence.

As far as the efficacy of neuraxial analgesia is con-
cerned, a study of almost 6000 patients who received
intrathecal morphine for analgesia after different surgical
procedures reported effective analgesia for up to 24
hours.102 In a survey of 1057 patients with postoperative
PCEA, Wigfull et al.103 reported that nearly 94 percent of
patients had adequate analgesia with PCEA. Block et al.
undertook a meta-analysis on the analgesic efficacy of
epidural versus intravenous patient-controlled analgesia,
which included 100 randomized controlled trials.104[I]
They found that the overall analgesia with epidurals was
better than with parenteral opioids at all time points,
across all patient populations, and after all types of sur-
gery. Similarly, a meta-analysis by Wu et al. found that
PCEA after different surgical interventions provided
superior analgesia compared to intravenous PCA for
overall pain, pain at rest, and pain with activity.105[I]

OUTCOME AFTER SPINAL AND EPIDURAL
ANALGESIA

Cost-effectiveness

Cost-related issues are important aspects of anesthetic
decision-making in a time where healthcare resources
are scarce. As demographic changes and financial
restrictions are only recent developments, no compre-
hensive reviews of costs and benefits associated with
neuraxial analgesia have been published. In addition, no
consensus exists as to which costs should be measured, in
which clinical settings, and at what points in time this
should be done. Comparison of cost-effectiveness data is
likely to be hampered by major differences in healthcare
systems.
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A cost evaluation of epidural versus intravenous PCA
after major abdominal surgery in Sweden published in
1995 found that epidurals provided more effective pain
control, but were three times more expensive.106 The
beneficial effect of better pain control was only seen in the
immediate postoperative period, so that the authors
judged epidural analgesia poorly cost-effective and not
overall justified. In contrast, a German analysis of 6349
patients comparing postoperative PCEA, intravenous
PCA, and brachial plexus blockade concluded that the
higher initial costs of PCEA could be set off by better pain
relief and earlier discharge from the intensive care unit.107

In conclusion, a detailed cost-effectiveness analysis of
neuraxial analgesia remains to be performed. It is most
likely that neuraxial techniques become cost-effective
by utilizing their advantages to permit aggressive post-
operative rehabilitation.108 Earlier discharge from high
dependency wards, decreased postoperative complica-
tions, and long-term benefits, such as reduction in mor-
bidity, may then outweigh the higher initial costs of
epidural analgesia, especially in high-risk patients.109 In
low- and intermediate-risk patients undergoing less
invasive interventions, neuraxial analgesia may not be
cost effective.

Morbidity and mortality

Numerous studies have proven that major surgery and
perioperative pain are powerful activators of the neu-
roendocrine stress response. Manifestations of this stress
response include hypercoagulability, immunosuppression,
increased myocardial workload and oxygen consumption,
widespread inflammation, and increased catabolism with
hyperglycemia, muscle breakdown and poor wound
healing. Epidural analgesia has the potential to block this
detrimental pathophysiology by improving analgesia and
by blocking sympathetic afferents.

Indeed, many studies undertaken in the 1980s and
1990s found that epidural analgesia attenuated the post-
operative stress response and improved outcome.110, 111

[II] In 1987, Yeager et al. reported such a significant
improvement in morbidity and mortality in high-risk
patients receiving epidural analgesia that their study
was stopped early by the local ethics committee.112[II]
In 2001, Beattie et al. published a meta-analysis including
11 randomized controlled trials with 1173 patients from
1966 to 1988.113[I] They found that epidural anesthesia
and analgesia was associated with a 40 percent reduction
of postoperative myocardial infarction.

Yet the most comprehensive meta-analysis in favor of
neuraxial anesthesia is the CORTRA analysis by Rodgers
et al. that was published in 2000.114[I] This review
included 141 randomized controlled trials from 1977 to
1995 with almost 9600 patients, with the majority of
trials coming from the 1980s. The authors observed a 30
percent reduction in overall mortality (1.9 versus 2.8

percent) with intraoperative neuraxial blockade com-
pared to general anesthesia.

After much discussion of these impressive data, several
large multicenter trials were undertaken with less striking
results. In a study with 1021 patients published in 2001,
epidural anesthesia and analgesia did not improve overall
morbidity and mortality.115[II] The only benefit was seen
in a subgroup of patients undergoing abdominal aortic
procedures. The MASTER trial (2002) analyzed data
from 915 patients undergoing major abdominal surgery
under combined epidural and general anesthesia or
under general anesthesia alone.116[II] Postoperative
analgesia was either via epidural catheters or via intra-
venous PCA. There was no benefit in terms of mortality
and only a slightly improved morbidity in the epidural
group. In 2007, Liu et al. carried out a systematic update
of the evidence to assess the effect of postoperative
analgesia on major postoperative complications.86[I]
They analyzed randomized controlled trials from 1996 to
2006 and found that there was insufficient evidence
to confirm or deny the ability of postoperative analgesia
to affect postoperative mortality or morbidity.

In conclusion, several randomized controlled trials and
meta-analyses report reduced morbidity and even mor-
tality with epidural anesthesia and analgesia, while others
find no significant benefit apart from good pain relief.
Several aspects may explain these seemingly contradictory
results.

Methodological difficulties most certainly play a role.
Comparison of various data sets from heterogeneous
studies with different patient groups undergoing a variety
of surgical procedures is not evident. It is equally difficult
to differentiate which effects are due to general anesthesia
and which are due to intraoperative or postoperative
neuraxial analgesia.117 In the postoperative period, it is
difficult to establish the exact impact of neuraxial
analgesia amidst a multitude of therapeutic measures
and individual patient factors. Therefore, the changes in
mortality observed in several studies may not have been
brought about by analgesia alone, but by a combination
of different factors, such as optimization of preoperative
medical status, use of short-acting anesthetic drugs and
the laryngeal mask, less invasive surgical technique,
modern thromboprophylaxis, and accelerated recovery.
A corroborating aspect to this argument is that results of
studies and meta-analyses seem to be affected by their
publication date.118[I] While older studies tend to find
significant benefits from neuraxial analgesia, this effect is
much attenuated in recent publications.

Modern anesthesia may also be a victim of its own
success in that serious morbidity and mortality have
become too rare to be measured in clinical trials of
ordinary sample size. This aspect was addressed by Wu
et al. in 2004, who analyzed a random sample of
American Medicare beneficiaries undergoing different
types of major surgery from 1997 to 2001.119 In their
database of 12,780 patients, they found that epidural
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analgesia was associated with a significantly lower odds
ratio of death at 7 and 30 days postoperatively.

In conclusion, the impact of neuraxial analgesia on
mortality remains to be determined and is likely to be
less important than in the past due to surgical and
anesthesiologic advances. However, epidural techniques,
in particular, are very useful as part of a multimodal
approach to control postoperative pain and hasten
recovery.117

Nontraditional outcome measures

Over the last few years, patient-centered outcome vari-
ables have been introduced as monitors of anesthetic care
and are likely to supplement or replace the traditional
outcome measures, morbidity and mortality.

While many authors agree that patient satisfaction is
an important outcome measure, no validated and stan-
dardized tools exist for rating patient satisfaction with
regard to neuraxial analgesia.120 Satisfaction is a complex
psychosocial construct, which is likely to be influenced by
numerous factors other than analgesia, for example
patient expectations, level of information, baseline phy-
sical and psychological status, communication, and
interaction with healthcare providers.121 While it seems
inherently difficult to measure patient satisfaction,
reproducibility and comparison of such data from dif-
ferent studies is highly problematic.

Nevertheless, several trials have addressed this complex
issue. In a survey of 1057 patients receiving postoperative
PCEA, Wigfull et al.103 found that PCEA produced
excellent analgesia and high patient satisfaction. Another
study of almost 6000 patients who received intrathecal
morphine for analgesia after a range of surgical proce-
dures equally reported high patient satisfaction.102 A
systematic review found that, compared with systemic
opioids, epidural analgesia was associated with higher
patient satisfaction.122[I] Indeed, in a prospective seven-
year survey of nearly 6000 surgical patients, neuraxial
analgesia was associated with a high degree of patient
satisfaction (mean satisfaction score of 8.5 on a scale from
0 to 10).102

As far as measurements of health-related quality of life
are concerned, these have not been carried out with
regard to postoperative analgesia. ‘‘Analgesia-related
quality of life’’ is not yet an issue in most clinical studies.
However, if the goal after a surgical intervention is to get
the patient ‘‘up and functioning’’ and back to his or her
preoperative state as soon as possible, neuraxial techni-
ques may play an important role because they provide
better pain relief and contribute to early rehabilitation. In
one study, Carli et al.123 found that epidural analgesia
enhanced postoperative quality of life. Another con-
tribution of neuraxial analgesia to better quality of life
may be the avoidance of chronic pain by aggressive
management of early postoperative pain.101

RESEARCH AGENDA AND FUTURE DIRECTIONS

Despite many recent advances with insight into pain
mechanisms, further basic and clinical research is needed
in order to elucidate the phenomenon of acute pain and
associated physiology, such as the pain-related stress
response. Better knowledge of peripheral and central pain
reception and modulation may lead to better use of
existing neuraxial techniques and to the development of
new epidural and spinal analgesics.

As far as practical conduct of neuraxial analgesia is
concerned, safer techniques of insertion, such as ultra-
sound-guided techniques, need to be studied, and safe
catheters for epidural and intrathecal use are needed.

Based on further randomized controlled trials and
meta-analyses, it is likely that more procedure-specific
guidelines for postoperative pain management will be
developed and that indications and contraindications will
be tailored to specific subgroups of patients.

Finally, systematic outcomes research with regard to
neuraxial analgesia needs to be conducted, with special
emphasis on nontraditional outcome measures, analgesia-
related quality of life, and cost-effectiveness.

CONCLUSIONS

The last decades have witnessed important advances in all
aspects of patient care. In parallel with the introduction of
less invasive and individualized surgical methods, new
techniques of postoperative pain relief have been added to
the armamentarium of the anesthetist. Specific guidelines
about indications, contraindications, and the technical
performance of neuraxial procedures are available.

Standard intrathecal and epidural analgesia and their
variations, such as combined spinal–epidural analgesia
and continuous spinal analgesia, provide effective pain
relief after various types of surgical procedures. Patient-
controlled epidural analgesia is an important component
of effective and individualized management of post-
operative pain.

Appropriately administered neuraxial analgesia is a key
component of multimodal rehabilitation programs after
major surgery and has benefits in terms of patient satis-
faction and health-related quality of life. Significantly
decreased morbidity has been proven in selected patients.
The exact impact of epidural and spinal analgesia on
mortality remains to be determined.
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KEY LEARNING POINTS

� Acute pain states tend to be treated with drugs

although the burden of side effects can be considerable,

especially in the elderly population.
� Nonpharmacological analgesic strategies, especially

techniques involving nerve stimulation, are often simple

to use, cheap and have few serious adverse effects.
� Transcutaneous electrical nerve simulation (TENS) has a

role in the management of acute pain in selected

patients and physiological studies provide a rationale

for its use.
� Clinical experience is encouraging although systematic

reviews of randomized controlled trials reveal a lack of

good quality evidence. Evidence is equivocal for TENS

for postoperative pain, labor pain, dysmenorrhea,

angina, and procedural pain.
� Acupuncture has become standard therapy in many pain

and palliative care services for the management of

acute pain, although optimal treatment protocols

remain uncertain.
� For acute dental pain and acute low back pain (LBP),

results of systematic reviews of acupuncture are

considered positive by some and difficult to interpret by

others. For minor trauma, labor pain, and dysmenorrhea,

the evidence for acupuncture is promising, but better

research is needed.

INTRODUCTION

Successful acute pain management depends on a logical,
stepwise approach to diagnosis and if there is a treatable
cause then this should be managed. Where the cause of
pain cannot be removed entirely, then treatment can be
directed at modifying the disease process, reducing
factors that exacerbate the pain, and managing symptoms
with drugs. However, the burden of side effects is
often considerable, especially in the elderly population.

Nonpharmacological analgesic strategies have many
potential advantages. Techniques involving nerve stimu-
lation have been used to provide analgesia in various
forms for many centuries – suggesting that they are
worthy of closer scrutiny. These strategies are often simple
to use, cheap, and have few serious adverse effects. Acu-
puncture has become standard therapy in many pain and
palliative care services in the management of acute pain.
Much work remains to be done on the choice of optimal
treatment for acute pain problems and more robust data



are needed on efficacy. There has been increasing interest
from pain practitioners in the role of TENS in the man-
agement of acute pain. The evidence from clinical
experience and case reports is encouraging, and studies
investigating the physiological basis of observed clinical
effects provide a rationale for its use. However, more data
from well-conducted clinical trials in acute pain are
needed to underpin its use.

TENS

Historical context

Electric fish were used by the ancient Egyptians in 2500BC
to relieve pain and, in pre-Christian times, electric ray fish
were used to treat headache, gout, and arthritis.1 In the
modern era, publication of the Gate Control Theory of
pain reawakened interest in electrical stimulation.2 Per-
cutaneous electrical nerve stimulation was shown to
relieve chronic neuropathic pain and spinal cord stimu-
lation (SCS) to relieve certain types of chronic pain.3, 4

Originally, TENS was used to select patients for SCS, but
it was realized that TENS was effective in its own right.
With improvements in solid-state electronic technology
in the 1970s, small battery-operated TENS devices
became readily available and were tried on many types of
pain with varying success.5

Definition of treatment

During TENS, a portable pulse generator delivers electrical
currents across the intact surface of the skin via conducting
pads called electrodes (Figure 14.1). By strict definition,
TENS is any technique that delivers electricity across the
intact surface of the skin to activate underlying nerves.
However, healthcare professionals use the term to describe

a ‘‘standard TENS device’’ (Figure 14.2, Table 14.1).
Minor variations in standard TENS devices between
manufacturers have limited impact on the physiological
effects produced.6 Recently, a variety of TENS-like devices
have flooded the market, although claims of their effec-
tiveness are often inflated.6 The common types of TENS
are conventional TENS, acupuncture-like TENS (AL-
TENS), and intense TENS (Table 14.27, 8, 9, 10, 11, 12). Con-
ventional TENS should be used in the first instance, and is
most commonly used in practice, and AL-TENS used in
specific situations (see Ref. 13 for discussion of AL-TENS).

Mechanism of action

The intention of conventional TENS is to selectively
activate large diameter nonnoxious afferents (A-beta)
without activating smaller diameter nociceptive fibers (A-
delta and C). This has been shown to reduce activity in
central nociceptive transmission cells (Figure 14.3)14, 15

and is recognized by a strong but nonnoxious electrical
paresthesia under the electrodes. Postulated mechanisms
of TENS vary with the intensity, frequency, and amplitude
of the electrical stimulus.

LOW INTENSITY STIMULATION

� Peripheral mechanisms. Antidromic activation of
nerve fibers increases the latencies of compound
action potentials and early somatosensory evoked
potentials (SEP) in healthy subjects; this suggests that
TENS could produce a ‘‘busy line-effect’’ on large
afferent fibers.16, 17 The conduction velocity and
amplitude of A-alpha, A-beta, and A-delta
components of the compound action potential
recorded from isolated nerves in the cat are reduced,
respectively, as the amplitude of TENS is increased.18

Portable current
generator

Self-adhesive
electrodes

Electrode
leads

Figure 14.1 Transcutaneous electrical nerve

stimulation.
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� Segmental mechanisms. Animal studies show that
TENS segmentally inhibits central transmission of
nociceptive information in the dorsal horn.14, 15, 19, 20

This effect is maximal when TENS is applied to
somatic receptive fields and is rapid in onset/offset.21,
22, 23 Studies in animals also show that TENS reduces
inflammation-induced sensitization of dorsal horn
neurons in anesthetized rats.14

HIGH INTENSITY STIMULATION

� Spinal cord segmental mechanisms. In animal studies,
high intensity stimulation of A-delta afferent activity
produces long-term depression (LTD) of central
nociceptor cells lasting up to two hours after
stimulation.24, 25 Although postulated as a mechanism
underlying TENS, it is difficult to attain sufficient

Battery

Pulse
pattern

Modulated pattern (M)

Continuous pattern (C)Pulse duration

Short Long

Pulse intensity

High Low

Pulse
intensity
0-60mA

Pulse
intensity
0-60mA

Channel 1 Channel 2

Pulse
duration

50μs 250μs

Pulse
frequency

1Hz 200Hz

Burst pattern (B)

Pulse frequency

High Low

B C M

Figure 14.2 Schematic view of TENS controls on a ‘‘standard TENS device.’’

Table 14.1 Features of a typical TENS device.

Features

Dimensions 6� 5� 2 cm (small device)

12� 9� 4 cm (large device)

Weight 50–250 g

Channel (electrodes) 1(2) or 2(4)

Batteries Usually 9 volt or rechargeable

Pulse amplitude (adjustable) 1–50mA into a 1 kO load usually constant current output

Pulse waveform (usually preset) Monophasic

Biphasic (symmetrical or asymmetrical)

Pulse duration (usually adjustable) 50–500 ms
Pulse frequency (usually adjustable) 1–200 pulses per second

Pulse pattern (selection of preset

options)

Continuous (burst, random frequency, modulated amplitude,

modulated frequency, modulated pulse duration)

Additional features Timer

Adapted from Johnson.6, 7
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intensity with TENS electrodes to stimulate A-delta
fibers, and patients may find high intensity stimuli
painful. LTD has been demonstrated in human
volunteers following a low frequency, high intensity
conditioning stimulus, which is delivered by punctate
electrodes and initially evokes pain.26 Longer post-
stimulation analgesia may be obtained by
administering conventional TENS in the first instance,
followed by a brief period of intense TENS.20

� Extra-segmental mechanisms. Antinociceptive effects
from TENS-induced A-delta activity are reduced by

spinal transection, suggesting that segmental spinal
inputs activate a spinobulbar loop of ascending fibers
to the brain stem and then descending pain
inhibitory pathways.27, 28, 29 Small diameter muscle
afferent activity induced by AL-TENS is also believed
to activate descending pain inhibitory pathways.30

NEUROPHARMACOLOGY OF TENS

Effects of TENS stimulation on neurotransmitter systems
involved in nociception have been investigated in animal

Table 14.2 Common TENS techniques.

Intention Patient experience Electrode
location

TENS
characteristics

Analgesic profile Duration of
treatment

Conventional

TENS

Selective

activation of

large diameter

nonnoxious

afferents

Strong comfortable

electrical

paresthesia with

minimal muscle

activity

Dermatomal High frequency –

10–200 pulses

per second

Rapid onset and

offset within

30min

Continuously

when in pain

Site of pain Low amplitude –

nonnoxious

intensity

Pulse duration –

100–200 ms
Pulse pattern –

continuous

AL-TENS Indirect

activation of

small

diameter

muscle

afferents

through

muscle

twitches

Strong comfortable

muscle

contractions

(twitches)

Myotomal

over

muscles or

motor

nerves

Low frequency

bursts of

pulses – 1–5

bursts of 100

pulses per

second

Rapid onset but

delayed offset

of over 1 h

�30min per

session

‘High’

amplitude-

nonnoxious

intensity to

generate

muscle

contractions

Pulse duration –

100–200 ms
Pulse pattern –

burst

Intense TENS Activation of

small

diameter

noxious

afferents

Electrical

paresthesia that

is uncomfortable

but tolerable

with post-

stimulation

hypoesthesia

Main nerve

bundle

from origin

of pain

High frequency –

50–200

pulses per

second

Rapid onset and

delayed offset

over 1 h

�15min per

session

High amplitude-

noxious

intensity

Pulse duration

4500 ms
Pulse pattern –

continuous

Adapted from Johnson.6, 7
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studies, but the contribution of these mechanisms have
not been evaluated in clinical trials.

� Evidence suggests that TENS mediates opioid
release throughout the central nervous system31, 32

and that opioid tolerance may develop with repeated
use of TENS.33 Originally, it was suggested that
AL-TENS, but not conventional TENS, was mediated
by endorphins.34, 35 Recent research suggests
that the effects of low frequency TENS are
diminished in morphine tolerant rats36 and are
mediated via mu opioid receptors. High frequency
TENS effects may be mediated by delta opioid
receptors, with kappa receptors having no
involvement.31, 37

� Gamma-aminobutyric acid (GABA) may have a role
in TENS38 although LTD generated by low frequency
stimulation of A delta fibers was not influenced by
bicuculline, a GABAA receptor antagonist, but was
abolished by D-2-amino-5-phosphonovaleric acid, an
N-methyl-D-aspartate (NMDA) receptor antagonist,
suggesting a role for glutamate.20, 24 High-frequency,
but not low-frequency, TENS reduces aspartate and
glutamate release in the spinal cord dorsal horn.39

� High and low frequency TENS cause activation of
spinal muscarinic receptors40 and peripheral alpha-
2A adrenergic receptors.41 TENS effects are enhanced
by systemic clonidine.42

� 5-HT2 and 5-HT3 receptors have been implicated in
the effects of low frequency, but not high frequency
TENS.43

Indications

TENS is used for symptomatic relief of pain. Most often
it is used for nonmalignant chronic pain irrespective of

origin, although any type of pain may respond to
TENS.44 Theoretically, pains that are widespread, deep
seated, and/or severe are less likely to respond. TENS has
been used for many acute pains including postoperative
pain, labor pain, dysmenorrhea, angina, and procedural
pain. TENS is inexpensive, easy to use, noninvasive, and
has few adverse effects.8, 9 TENS can be used in con-
junction with other treatments and long-term use has
been shown to reduce medication and physical therapy
costs.45

GIVING A PATIENT A TRIAL OF TENS FOR THE FIRST TIME

Patients should administer TENS for themselves, fol-
lowing appropriate instruction by a healthcare profes-
sional. New TENS patients should be given a supervised
trial to ensure that TENS does not aggravate pain, to
determine whether the patient is likely to respond to
TENS, and to check that the patient is competent in
TENS technique. To maintain the patient’s confidence, it
is necessary to troubleshoot problems arising from poor
response using early reviews of progress. In most cir-
cumstances, TENS is generated within, or close to, the
site of pain.

Conventional TENS techniques should be used in the
first instance (see Table 14.2). Patients should be
instructed to administer TENS in 30-minute sessions for
the first few times until they have familiarized themselves
with the equipment. They should then be encouraged to
use TENS as much as they like, and to experiment
with stimulator settings, so that they achieve the most
comfortable pulse frequency, pattern, and duration of
stimulation. Patients should not use TENS in the
shower or bath, but they can use TENS at bedtime pro-
viding the device has a timer so that it automatically
switches off.
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Figure 14.3 Simplified mechanism of action for
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pain sensation. Arrows indicate direction of nerve
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Determinants of TENS outcome

ELECTRICAL CHARACTERISTICS OF TENS

The characteristics of TENS currents include pulse ampli-
tude, frequency, pattern, and duration. For conventional
TENS, patients are instructed to alter the intensity (i.e.
amplitude, 1–50mA) of currents to achieve strong but
comfortable electrical paresthesiae without muscle con-
traction in the area of pain. Patients are encouraged to
experiment with other TENS settings to find what is com-
fortable and effective for them, as individual preferences
vary.7, 44, 46 Hypothetically, high frequency pulses (�10–200
pulses per second, pps) with pulse durations between
50–500ms are optimal for differential recruitment of fiber
type. However, research about the effect of TENS settings,
such as pulse frequency, pattern, and duration, is conflict-
ing, confusing, and generally of very poor quality. Studies
comparing the effect of pulse frequencies (usually high
�100 pps and low �2 pps) and pulse patterns either fail to
standardize other TENS settings or are underpowered.47

ELECTRODE POSITIONS

Electrodes must be positioned on healthy innervated
skin where sensation is intact. For most types of pain
TENS electrodes are placed around the site of pain so
that paresthesiae can be directed into the painful area
(Figure 14.4). Alternatively, electrodes can be positioned
along the main nerves proximal to the site of pain, at
spinal segments related to the origin of pain or at con-
tralateral dermatomes when there is diminished skin
sensation or it is not possible to deliver currents within
the site of pain (e.g. amputation, skin lesion). If allo-
dynia and/or hyperalgesia exist, electrodes should be
positioned along the main nerves well proximal to the
site of pain in the first instance, because TENS may
aggravate the pain. Dual channel devices with four
electrodes should be used for pains covering large areas
or for pains that change their location and quality over
time. Accurate placement of electrodes can be time-
consuming and is achieved by a process of informed trial
and error.
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pain
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Post-herpetic
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Dressing
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Figure 14.4 TENS electrode placement for common conditions: (a) anterior aspect; (b) posterior aspect.
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TIMING AND DOSAGE

There is a lack of good quality evidence to support the
belief that different TENS techniques have different
analgesic profiles. Studies show that TENS analgesia is
maximal when the stimulator is switched on44, 48 and that
long-term users administer TENS throughout the day to
achieve adequate analgesia.44, 45, 49 Regimens of 20 min-
utes of conventional TENS at daily, weekly, or monthly
intervals are likely to be ineffective for persistent pains.44,
46, 48, 50, 51, 52 Patients can leave electrodes in situ and use
TENS intermittently providing they attend to skin care
underneath the electrodes. Reports of poststimulation
analgesia vary widely and are confounded by natural
fluctuations in symptoms and the patient’s expectation of
treatment duration. Evidence suggests that TENS effects
declines over time (see Table 92-1 in Ref. 11 for a sum-
mary of studies) and may be partly overcome by changing
TENS settings, electrode placement, or temporarily
withdrawing TENS treatment so that an objective
assessment of the contribution of TENS to pain relief can
be made.

CONTRAINDICATIONS AND PRECAUTIONS

TENS usually performs favorably in evaluations of risk
when compared with other available treatments, includ-
ing medication. There are few contraindications and
adverse events with TENS, but the following should be
noted:

� TENS manufacturers list cardiac pacemakers,
pregnancy, and epilepsy as contraindications to its
use because it may be difficult to exclude TENS as a
potential cause of a problem in these patients. TENS
may be used in some of these situations following
consultation with the appropriate specialist, and
providing electrodes are not applied locally and the
patient’s progress is carefully monitored.

� Electrodes should not be applied to damaged,
inflamed, infected, or frail skin (e.g. open wounds,
eczema). Hypoallergenic electrodes may be tolerated
in patients who develop contact dermatitis.

� Pain may be aggravated in areas of allodynia and/or
hyperalgesia, although this is not always the case.

� Avoid TENS over the anterior neck (as it may cause
laryngeal spasm or hypotension), over the eyes, or
placed in a transthoracic orientation.

� Nausea, light headedness, and fainting may occur in
patients with a history of autonomic reactions to
tactile allodynia, and caution or avoidance while
operating hazardous equipment is suggested.

� TENS may not be acceptable to all patients due to an
unpleasant sensation or aggravation of pain; fear of
electrical equipment; inability to understand the
instructions; inadequate manual dexterity to operate
the controls.

CLINICAL EFFECTIVENESS OF TENS

Opinion is divided about the effectiveness of TENS for
acute pain because clinical research findings do not always
match clinical experience. Blinded controlled trials are
difficult to conduct and systematic reviews (Table 14.3)
often report that the evidence for TENS is inconclusive
because of methodological shortcomings in randomized
controlled trials (RCTs). Sometimes these shortcomings
underestimate TENS effects because of inappropriate
TENS technique which leads to inadequate dosing and
inappropriate use and timing of outcome measures.55

Clinical trials suggest that TENS is useful for a wide
range of acute pains. These include orofacial dental
pain,60, 61, 62, 63 pain caused by renal colic in emergency
care,64 acute LBP during emergency transport,65 acute
neck pain not due to whiplash,59, 66 acute traumatic
pain,67 pain associated with multiple rib fractures,68, 69

and acute hand infections.70 However, a health technol-
ogy assessment on TENS for acute pain in general,
reported that TENS was more effective than controls in
22/39 RCTs, suggesting that available evidence was
inconclusive.53

Acute postoperative pain

Systematic reviews have reported that in 12/20 RCTs53

and 15/17 RCTs,54[I] TENS did not produce significant
postoperative pain relief when compared to controls. This
conclusion has been challenged55[I] as pain relief was
taken as the primary outcome measure and patients had
access to additional analgesic drugs, and therefore
patients in both sham and TENS groups could titrate
analgesic consumption to achieve similar levels of pain
relief. This subsequent meta-analysis of 21 RCTs reported
that TENS reduced analgesic consumption by 26.5 per-
cent (range –6 to 151 percent) compared to sham.55 A
subgroup analysis of appropriate TENS techniques (i.e. 11
RCTs (964 patients) using a strong, subnoxious electrical
stimulation at the site of pain) against inappropriate
TENS technique (ten RCTs) revealed an outcome in favor
of adequate TENS; this demonstrated the importance of
using appropriate outcome measures and adequate TENS
techniques in RCTs and meta-analyses.

Labor pain

There is widespread use of TENS as an adjunct during
childbirth and many women are satisfied with its effect.71

TENS is applied using a dual channel stimulator over
thoracolumbar and sacral vertebrae. Systematic reviews
have found TENS to be no better than control in 7/9
RCTs,53 5/8 RCTs,56[I] and 7/10 RCTs,57[I] although
these reviews suffer from similar shortcomings to those
regarding acute postoperative pain. Interestingly, two
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Table 14.3 Systematic reviews of TENS for acute pain.

Reference and
context

Condition Data set (RCTs/patient
numbers)

Outcome (trial vote count
and/or meta-analysis)

Systematic review
authors’ conclusion

Our judgment Comment

Reeve et al.53 Acute pain

(postoperative pain,

labor pain,

dysmenorrhea,

dental, back,

cervical, orofacial)

39 RCTs Pain relief and/or mobility:

TENS4comparison in 22/

39 RCTs and 19/34 grade 1

RCTs

Evidence inconclusive –

RCT methodology

weak

Evidence inconclusive Comparisons included

active and inactive

interventions

34 were ‘grade 1’

(suitable) quality

Reeve et al.53

(subgroup analysis

performed post hoc

by Johnson)

Postoperative pain 20 RCTs Pain relief and/or functional

outcomes (e.g.

ventilation):

TENS4comparison in 12/

20 RCTs

Evidence inconclusive –

RCT methodology

weak

Evidence inconclusive Comparisons included

active and inactive

interventions.

Patients allowed

free access to

analgesic

medication

Carroll et al.54 Postoperative pain 17 RCTs (786 patients) Pain relief and/or analgesic

sparing:

TENS4comparison in 2/17

RCTs and TENS4sham in

0/14 RCTs

Evidence of no effect Evidence inconclusive –

shortcomings in

RCTs/review

Comparisons included

active and inactive

interventions.

Patients allowed

free access to

analgesic

medication

Bjordal et al.55 Postoperative analgesic

consumption with

subgroup analysis on

appropriateness of

TENS intervention

21 RCTs (964 patients) Only 11/21 RCTs met criteria

for ‘adequate TENS’

Evidence of effect-

analgesic sparing

Evidence of effect-

analgesic sparing

Review reveals impact

of applying TENS

inappropriately on

RCT and review

outcome

Reducing analgesic

consumption:

TENS4sham

(WMD= 35.5%)

‘‘Adequate’’

TENS4‘‘Inadequate’’

TENS

Reeve et al.53 Labor pain Nine were of suitable

quality (grade 1)

Pain relief, analgesic sparing,

and/or mobility:

TENS4comparison in 3/9

‘grade 1’ RCTs

Evidence inconclusive –

RCT methodology

weak

Evidence inconclusive Comparisons included

active and inactive

interventions.

Patients allowed

free access to

analgesic

medication

(Continued over )



Carroll et al.56 Labor pain 8 RCTs (712 women) Pain relief: Evidence of no effect Evidence inconclusive –

potential

shortcomings in

RCTs/review

Comparisons included

active and inactive

interventions.

TENS4comparison in 1/8

RCTs

Patients allowed free

access to analgesic

medication

TENS vs sham: Odds

ratio = 1.89 (1 RCT)

Positive outcome RCT

used transcranial

TENSAnalgesic sparing:

TENS4comparison in 3/8

RCTs

TENS4sham in 2/5RCTs:

Odds ratio 0.57;

NNT = 14; relative

risk = 0.88 (4 RCTs)

Carroll et al.57 (update
of Carroll et al.56)

Labor pain 10 RCTs (877 women) Pain relief: TENS4comparison

in 0/10 RCTs

Evidence of no effect Evidence inconclusive –

potential

shortcomings in

RCTs/review

Additional RCTs

strengthen original

conclusionAdditional analgesics:

TENS4comparison in

3/10 RCTs

Proctor et al.58 Primary dysmenorrhea 7 RCTs (213 patients) Pain relief HF TENS versus

sham: Odds ratio = 7.2 (2

RCTs); WMD= 45 (1 RCT)

Evidence of effect for

HF TENS only

Evidence inconclusive Comparisons used

small samples

Pain relief LF TENS versus

sham: Odds ratio = 1.3 (2

RCTs); WMD= 24.1 (1

RCT)

Vernon et al.59 Acute neck pain (not

due to whiplash

injury)

1 RCT (30 patients) Pain relief: TENS4comparison

group (1 RCT)

Evidence of effect Evidence inconclusive Comparisons used

small sample

Adapted from Johnson.7



RCTs found that women favored TENS over sham at the
end of childbirth, when women were relaxed yet still
under double-blind conditions.72, 73[II] It seems unrea-
sonable to dismiss the use of TENS for labor pain without
better quality evidence.

Dysmenorrhea

TENS on acupuncture points and over the thoracic spine
has been reported to relieve symptoms in primary dys-
menorrhea.74, 75, 76 A Cochrane review of seven RCTs (213
patients) reported that high frequency, but not low fre-
quency, TENS was superior to sham at reducing pain
associated with primary dysmenorrhea.58[I] There is
clearly a role for TENS as an adjuvant to nonsteroidal anti-
inflammatory drugs (NSAIDs) in severe cases77 and as sole
therapy in those women who are intolerant of NSAIDs.

Angina pectoris

TENS may be used when an angina attack occurs or is
anticipated. It may benefit patients not responding
satisfactorily to medical or surgical treatment, in patients
waiting for surgery, and for those intolerant of nitrates.78

Electrodes are sited on the anterior chest wall so that the
stimulation paresthesia covers the area of radiation of the
pain. Evidence suggests that TENS reduces the number
and severity of angina episodes78, 79[II] increases exercise
capacity,80, 81[II] improves tolerance to pacing,79, 82, 83[II]
decreases ST segment depression,79, 81[III] improves
myocardial lactate metabolism,82, 83[II] and reduces
myocardial oxygen consumption.78, 79, 80, 81, 82, 83, 84[II]

Procedural pain

TENS has been used to manage the pain of dressing
changes,85[III] lithotripsy,86, 87[II] distension shoulder
arthrography,88[II] cervical laser treatment,89[II] vene-
puncture,90[II], 91[III] and prior to injection of local
anesthetic. Evidence for the use of TENS for electronic
dental anesthesia (EDA) is equivocal, although it is well
tolerated and preferred to injections by adults and
children.92, 93, 94, 95, 96[II] During dental hygiene proce-
dures (scaling and root treatments) in patients with
hypersensitive teeth, active EDA resulted in significantly
reduced pain scores compared with inactive EDA.97

ACUPUNCTURE

Historical context

According to the principles of traditional Chinese medi-
cine (TCM), disease alters the balance of the vital energies
of life (Yin and Yang). Acupuncture is used to redress this
imbalance in energy channels called meridians. It also

affects internal organs such as the liver, kidney, and
bladder; the TCM concept of these organs is somewhat
different to the western understanding of their physiol-
ogy. Acupuncture points are named and numbered to
correspond to this Chinese concept of the various organs,
e.g. liver or large intestine. Some knowledge of the Chi-
nese point notation can help in the understanding of
Chinese point selection. A large part of the world still
practices TCM, including the use of tongue and pulse
diagnosis; this can be very confusing for western health
care professionals. Different styles of acupuncture and
different theories about its putative method of action have
added to this confusion. Chinese medicine is based on a
holistic model and western medicine is founded on linear
causality and reductionism. Chinese Taoism has distaste
for explanatory theories and would rather observe nat-
ure’s phenomena – if a needle in the hand cured tooth-
ache, that was enough – the Chinese did not care why!
This basic dichotomy largely explains the rejection of
acupuncture by the West until relatively recently. Refer-
ences to the use of acupuncture began to appear in the
English medical literature about 150 years ago. Interest
declined over the early part of the last century and has
only reemerged in the past 40 years. The majority of
western practitioners now adopt a different approach to
acupuncture that involves diagnosis and treatment
according to orthodox medicine.

Definition of treatment

Acupuncture involves inserting fine needles through the
skin at particular points on the body. Needle placement
varies with the disease being treated and the treatment
philosophy being used. In western medicine it is claimed
that acupuncture points are related to specific (neural)
pathways and that needles stimulate underlying nerve and
muscle tissue. Practitioners achieve additional (stronger)
stimulation by ‘‘twirling’’ the inserted needle or by pas-
sing mild electrical currents through pairs of needles
using a portable electrical stimulator (electroacupuncture,
EA). Acupuncture can also be used in conjunction with
heat, moxibustion (burning herbs on the end of the
needle to heat the tip), and acupressure.

Indications

Clinical experience suggests that acupuncture reduces
nociceptive and musculoskeletal pain, but may be less
effective for neuropathic pain. Acupuncture can be
combined with drug therapy or TENS.

Rationale and mechanism of action

At present, evidence to support the existence of mer-
idians is weak and practitioners adopting a western
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approach to acupuncture usually subscribe to a neuro-
physiological explanation for acupuncture analgesia.
Needling during acupuncture activates high-threshold
receptors and/or their afferents (A-delta and C).98 This
generates segmental and extrasegmental modulation of
nociceptive inputs.8 Activation of descending pain inhi-
bitory pathways, release of endogenous opioids, and/or
positive feedback neural circuitry in the mesolimbic
region of the brain may account for the prolonged
poststimulation effects often seen following needling.99

Acupuncture also influences autonomic nervous system
activity. Studies have found improvements in micro-
circulation, perhaps via axonal reflexes and the release of
vasoactive substances such as calcitonin gene-related
peptide and substance P. Acupuncture points have been
shown to correspond to nerve bundles, nerves emerging
from deep to superficial planes, motor points, myofascial
trigger points, and perivascular plexuses.100, 101 The
relevance of these findings has been challenged.102

However, when pain thresholds were measured before
and after electroacupuncture of Hegu acupuncture
points of the hand and nonacupuncture points in
volunteers, the pain threshold increased significantly in
all tested sites after electroacupuncture. Interestingly,
the analgesic effect was predominant in those points
lying along the acupuncture meridians, suggesting that
point selection may be important for analgesia with
acupuncture.103

Animal models may elucidate some mechanisms of
acupuncture analgesia. For example, EA treatment in
inflammatory pain models in mice prolonged paw
withdrawal latency (a surrogate for analgesia) after
single and multiple treatments when compared to sham
acupuncture.104 Another inflammatory pain model in
mice demonstrated suppression of peripheral inflam-
mation with EA, but not with traditional acupuncture;
this suppression did not occur in the presence of per-
ipheral (but not central) opioid inhibition.105 The
analgesic effect of EA in inflammatory pain models could
be mediated via muscarinic cholinergic receptors or
serotonin receptors, e.g. 5HT1a and 5HT3.

106 Similarly,
relief from cold allodynia in rat models of neuropathic
pain appears to be mediated via the 5HT1a and 5HT3

spinal serotonergic receptors, as well as via spinal alpha2-
adrenergic receptors.107 EA may also affect the progress
of experimental inflammatory pain by modulating the
expression of NMDA receptors in primary sensory
neurons.108

The use of functional imaging may be important
in elucidating the mechanisms of acupuncture in
humans.98, 109, 110

Principles underlying clinical techniques

Formal training is required for any healthcare professional to
administer acupuncture (www.medical-acupuncture.co.uk).

POINT SELECTION AND NEEDLING TECHNIQUE

The site and depth of needle insertion is believed to be
critical to the outcome and is determined by the practi-
tioner on an individual basis. Optimal point selection is
usually achieved through a process of trial and observa-
tion; the use of simple ‘‘cookbook’’-type point selection is
probably less effective than individualized treatments.
Sometimes acupuncture points are selected according to
physiological and anatomical principles, e.g. based on
dermatomes, myotomes, and sclerotomes. Some practi-
tioners select points based on principles of TCM diag-
nosis. Stronger stimulation techniques (e.g. EA and heat)
are often used if distant acupuncture points away from
the main site of pain are chosen.

NOCICEPTIVE PAIN AND MUSCULOSKELETAL PROBLEMS

Trigger points are often used for pains of musculoskeletal
origin. These tender points are manipulated by inserting
needles with or without injection of other substances,
such as local anesthetics.111 Dry needling is considered to
be effective in the treatment of myofascial trigger point
pain by deactivating the trigger point. Often these points
can be relieved with superficial needling, occasionally
deeper penetration of the needle is required particularly if
nerve root compression is implicated.112 It is important
following successful needling that the correction of the
underlying musculoskeletal abnormality is addressed.

NEUROPATHIC PAIN

Needles should be inserted into innervated regions with
functioning nerves to achieve an effect; stimulation of
hypo- or hyperesthetic areas should be avoided. In
situations where there is definite nerve damage, needles
are usually placed proximal to the damage or on the
opposite side of the body. When hyperalgesia and/or
mechanical allodynia are present, practitioners stimulate
above and below affected segments or on contralateral
‘‘mirror’’ points. Needling areas of skin with compro-
mised circulation or lymphedema should be avoided.

TIMING, DOSAGE, AND DE QI

Pain relief after acupuncture may be immediate or
delayed in onset. Some patients may experience a tran-
sient increase in pain called an ‘‘aggravation.’’ Analgesia
often outlasts the period of needle insertion and may
persist for several days or weeks. A cumulative increase in
pain relief with subsequent acupuncture treatments
usually occurs in those who respond.

A typical course of acupuncture consists of 6–12
treatments given once per week; this may be followed up
by ‘‘top up’’ sessions thereafter; it would be unusual to
treat more than twice per week. Fine disposable steel
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needles that are between 0.2–0.3mm in diameter are
commonly used. Needles may be placed briefly or left
in situ for up to 30 minutes. Sensations of heaviness,
soreness, dull aches, referred pain, numbness, and/or
paresthesia may occur; these sensations are known as de
qi. Some practitioners use intradermal needling, e.g. in
fibromyalgia. Tapping the needle onto bone is sometimes
practiced; this is called ‘‘periosteal pecking.’’ Small studs
may be left in the ear so that the patient can apply
repeated stimulation. Some Japanese acupuncture tech-
niques involved embedding tiny needles subcutaneously
and leaving them in permanently.

The acupuncture needle sensation known as de qi has
been difficult to describe and words such as dull, aching,
and spreading are often used. Previously, there has been
little agreement on which words are acceptable as
descriptors for de qi. Recently, a group of international
experts rated a scale of 25 possible sensations associated
with acupuncture in two categories: those predominantly
associated with de qi and those with acute pain at the site
of needling.113 Seven sensations were considered to be
associated with de qi: aching, dull, heavy, numb, radiat-
ing, spreading, and tingling. Nine sensations were asso-
ciated with acute pain at the site of needling: burning,
hot, hurting, pinching, pricking, sharp, shocking, sting-
ing, and tender. It is important for trials of acupuncture
to have a standardized measure or description of the
sensation experienced so that similar trials can be com-
pared and that the technique of acupuncture used can be
monitored for variation in needling sensation.113

Contraindications and precautions

Acupuncture generally has few side effects when admi-
nistered by trained personnel. In an analysis of adverse
events due to acupuncture in 391 patients, tiredness (8.2
percent), drowsiness (2.8 percent), and aggravation of
pre-existing symptoms (2.8 percent) were the most
common adverse events reported.114 Localized problems
due to needle insertion, needle withdrawal, or bleeding at
needle sites were relatively uncommon in this study. More
serious adverse events are rare, but can include death,
pneumothorax, cardiac injury, spinal lesions, or infec-
tions.115, 116, 117, 118, 119 Relative contraindications include
bleeding disorders, anticoagulant medication, placing
needles close to a pregnant uterus, and patients with a
needle phobia. Care needs to be taken with those at
particular risk of infection, e.g. those with diabetes,
immune suppression, or endocarditis risk. Ear studs or
other more permanent needles pose the most risk in this
situation. EA is contraindicated for patients with cardiac
pacemakers. Pain due to the needling, tiredness after
therapy, and bleeding at the site of needling are common,
but usually of minor consequence. Some patients may feel
disorientated after treatment and driving capabilities may
be compromised; they should be warned about this.

Occasionally patients may feel nauseated and/or faint
after treatment.

CLINICAL EFFECTIVENESS OF ACUPUNCTURE

The methodological rigor of clinical trials on acupuncture
has generally been poor. Standards for Reporting Inter-
ventions in Controlled Trials of Acupuncture (STRICTA)
have been developed in line with the Consolidated Stan-
dards for Reporting Trials (CONSORT) and these should
improve critical appraisal, analysis, and replication of
future trials.120, 121, 122 Common problems have been
noted in acupuncture trials:123

� inadequate sample size;
� sample size calculations not performed;
� lack of appropriate randomization;
� difficulty in standardization of acupuncture

technique;
� inherent difficulty in blinding or inappropriate sham

techniques for both patient and assessor;
� appropriate control group not identified;
� inadequate follow up or description of drop-outs;
� incomplete presentation of data and statistics;
� endpoints not described;
� lack of generalizability of results;
� funding sources not appropriately acknowledged.

Important criteria in the design, implementation, and
writing up of controlled clinical acupuncture trials have
been described by Birch.123

Acute LBP

To date, all systematic reviews on the effectiveness of
acupuncture for acute LBP have concluded that there is
insufficient good quality evidence to make a firm judg-
ment (Table 14.4). Van Tulder et al.129[I] conducted a
Cochrane Review of 11 RCTs of acupuncture for LBP, but
found that no study evaluated acupuncture for acute LBP,
and concluded that there was a need for more high-
quality RCTs. An updated Cochrane Review including 35
RCTs for nonspecific LBP and low back myofascial pain
syndrome was conducted by Furlan et al.124[I] Three trials
of acupuncture for acute LBP were included but, as these
had small sample sizes and low quality methodology, it
was not possible to draw conclusions about the effec-
tiveness of acupuncture in acute LBP. Manheimer et al.125

[I] performed a meta-analysis on the effectiveness of
acupuncture for acute and chronic LBP that included 33
RCTs. Acupuncture was significantly better than sham
treatment or no additional treatment for short-term relief
of chronic pain, but no more effective than other active
therapies. Four RCTs on acute LBP were included in the
review, but were excluded from the meta-analysis because
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Table 14.4 Systematic reviews of acupuncture for acute pain.

Reference and
context

Condition Data set (RCTs/
patient numbers)

Outcome (trial vote count and/or
meta-analysis)

Systematic review
authors’ conclusion

Our judgment Comment

Furlan et al.124 Acute LBP Three RCTs (163

participants)

No evidence of effect (needle

acupuncture versus sham 2/3 RCTs)

Unable to draw

conclusion due to

small sample sizes

and study quality

Evidence in acute back

pain inconclusive

Manheimer et al.125 Acute LBP Four RCTs (130

participants – 65

on treatment)

Pain relief; Acupuncture4sham or

TENS (RCT 2/4)

Unable to draw

conclusion due to

small sample sizes

Evidence in acute back

pain inconclusive

No difference between

acupuncture and

analgesics in two

RCTs

Lee and Ernst126 Labor pain Three RCTs (496

patients)

Reduction in analgesia required in

needle acupuncture vs usual care

(2/3 RCTs)

Promising role of

acupuncture as an

adjunct to

conventional pain

control in labor

More evidence required

but may have an

adjunctive role

Reasonable quality of

available trials

Proctor et al.58 Dysmenorrhea One RCT (48

patients)

Pain relief; Needle acupuncture4sham

acupuncture (OR 9.5 95% CI

1.7–51.8)

Insufficient evidence to

recommend

More evidence required Acupuncture and TENS

also compared in

one trial

White127 Dysmenorrhea Two blinded RCTs,

two unblinded

RCTs (133

participants)

Pain relief: Acupuncture and

acupressure may be

promising

Evidence inconclusive Unable to perform

meta-analysis due

to study

heterogeneity

Traditional acupuncture4nonpoint

acupuncture or usual care (2/2

RCTs)

Acupressure4sham acupressure or

usual care (2/2 RCTs)

Ernst and Pittler128 Acute dental pain 11 RCTs (464

participants)

Pain relief: Acupuncture can

alleviate dental pain

– future studies

should identify

optimal technique

Methodological quality

of included trials

quite low. Postop

needle acupuncture

may have promise

Unable to perform

meta-analysis due

to heterogeneity of

study methods and

outcomes

Postop needle acupuncture4sham

acupuncture (5/7 RCTs).

Postop

electroacupuncture = conventional

analgesics (1 RCT)

Preop electroacupuncture = needle or

sham acupuncture (2/2 RCTs)



of heterogeneity; this meant that there was insufficient
data to draw conclusions about the short-term effective-
ness of acupuncture for acute pain.

Postoperative pain

To date, there have been no systematic reviews of acu-
puncture and postoperative pain. Usichenko et al.130[II]
conducted an RCT of auricular acupuncture for pain relief
after total hip arthroplasty. They concluded that acu-
puncture could be used to reduce postoperative analgesic
requirements, but that it had no effect on pain scores. The
trial did not account for differences in mobilization after
surgery that could be a confounding factor. In a similar
study by Usichenko et al.,131[II] 20 patients randomly
received a true auricular acupuncture or sham before
ambulatory knee arthroscopy; permanent press ear needles
were retained in situ for one day after surgery. There was no
difference in pain intensity and other parameters between
the groups. As in the hip trial, postoperative analgesic
requirement was reduced after acupuncture, but this is a
poor surrogate for analgesic efficacy. Gilbertson et al.132[II]
demonstrated that acupuncture was superior to sham
acupuncture for pain relief, analgesic consumption,
and patient satisfaction following arthroscopic acromio-
plasty in 40 patients. However, Gupta et al.133[II] could not
demonstrate any such benefit from acupuncture when given
under anaesthesia in an RCTof 42 patients undergoing knee
arthroplasty. Sim et al.134[II] showed that preoperative EA
reduced intraoperative alfentanil consumption, though this
effect may is nonspecific. EA had a morphine sparing effect
during the early postoperative period; but this is a poor
measure of analgesic efficacy as it is influenced by so many
other factors. A number of trials have explored the use of
EA in intra- and postoperative pain states with a variety of
control groups; outcomes have been inconclusive.134, 135, 136
, 137[III] A study involving the use of acupressure following
open abdominal surgery showed no benefit of acupressure
versus sham acupressure on postoperative analgesic con-
sumption or pain scores.138[II]

Labor pain

Lee and Ernst126[I] performed a systematic review on
acupuncture for labor pain that included three RCTs.
They concluded that there was insufficient evidence to
make a judgment about acupuncture in this setting,
although early data were promising. Acupuncture was
compared with standard care in two RCTs and sham
acupuncture in one RCT. Nesheim et al.139[II] found that
women receiving acupuncture requested opioids on fewer
occasions than women receiving standard care; however,
there was no difference in the dose of pethidine given
between the groups. Ramnero et al.140 [II] demonstrated
that women receiving acupuncture requested less epidural

analgesia than those who did not have acupuncture; there
were no differences in pain relief or requests for other
analgesics between the groups. Skilnand et al.141[II] found
that pain relief after acupuncture was superior to that
after sham acupuncture (superficial needling of non-
acupuncture points). Nesheim and Kinge142[V] con-
ducted an observational study on laboring women; they
concluded that those having acupuncture had reduced use
of epidural analgesia compared with those not using
acupuncture. An RCT by Lee et al.143[II] compared acu-
pressure versus sham-acupressure in 75 women; they
demonstrated a significant reduction in labor pain at all
time points and shortened delivery time in the true
acupressure group compared with the sham group.

Dysmenorrhea

Proctor et al.58[I] conducted a Cochrane Review on the
effectiveness of TENS and acupuncture for primary dys-
menorrhea. They found only one small trial of acu-
puncture on its own, but it was methodologically sound.
The findings were promising; acupuncture was superior
to sham acupuncture and no treatment control groups for
pain relief. However, the reviewers concluded that there
was insufficient evidence to make definitive judgments
about acupuncture. White127[I] conducted a systematic
review of controlled trials of acupuncture or acupressure
for gynecological conditions (four studies). He concluded
that acupuncture and acupressure appeared promising for
dysmenorrhea. An RCT of 216 high school students
demonstrated similar analgesic efficacy between acu-
pressure and ibuprofen in the management of primary
dysmenorrhea.144[II]

Angina pectoris

Richter et al.145[III] demonstrated a significant reduction
in angina attacks (10.6 to 6.1 with acupuncture) com-
pared with a tablet placebo in a cross-over study of 21
patients who were using optimal medical therapy. How-
ever, a trial including 49 patients with less severe angina
demonstrated no significant difference between genuine
or sham acupuncture; although there was a 50 percent
median reduction in angina attacks in both groups.146[II]
A similar study of 26 patients demonstrated an
improvement in cardiac work as an outcome with genu-
ine but not sham acupuncture.147[II] There is currently
little evidence to support the use of acupuncture in
angina, although a cost–benefit analysis of this treatment
has shown beneficial results.148[V]

Acute dental pain

Ernst and Pittler128[I] performed a systematic review on
the effectiveness of acupuncture in treating acute dental
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pain. Sixteen controlled clinical trials were included and
the reviewers concluded that acupuncture alleviated
dental pain. Lao et al.149[II] performed a small RCT in
patients with acute dental pain following oral surgery that
demonstrated a reduction in analgesic use in those treated
with acupuncture versus placebo, but no effect on overall
total pain scores.

Trauma

The use of acupuncture for minor acute trauma is an
attractive idea, but there are few large well-designed stu-
dies. In a study of prehospital care in 38 patients with
acute hip fracture, patients were randomized to receive
bilateral auricular acupressure at three ear points for hip
pain or bilateral auricular acupressure at sham points.
Patients in the true intervention groups had less pain and
anxiety and lower heart rates on arrival at the hospital
than did patients in the sham control group.150[II]
Paramedics who are trained in acupressure treated 60
minor trauma patients in a double-blind randomized trial
with three groups (true points, sham-points, and no
acupressure). There was significantly less pain, anxiety,
heart rate, and a greater satisfaction in the ‘‘true points’’
group.151[II] However, both of these studies do have some
fundamental methodological problems, e.g. hetero-
geneity, sample/group size, appropriate controls, and
selection of comparators.

SUMMARY AND CONCLUSION

Acupuncture and TENS are generally well-tolerated
treatments advocated by enthusiasts and dismissed by
skeptics. They have the benefit of being utilized in
conjunction with, and without detriment to, existing
analgesic therapies. The potential analgesic benefits of
both acupuncture and TENS have been compromised by
previous methodological problems and poor quality
trials. One of the major difficulties in designing the
trials has been the identification of an appropriate con-
trol or sham control group. In some conditions the
evidence of efficacy is sufficient to draw conclusions,
e.g. acupuncture is effective for acute dental pain.
For minor trauma, labor pain, and dysmenorrhea,
the evidence for acupuncture is promising, but better
research is needed. For acute LBP the results are
considered positive by some and difficult to interpret by
others.

TENS has a role in the management of acute pain in
selected patients. Equivocal evidence exists for use of
TENS in angina and procedural pain. It may have more of
a role in the management of dysmenorrhea or acute labor
pain. Future studies should not only be more methodo-
logically robust, but should also utilize appropriate
techniques by trained professionals.
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KEY LEARNING POINTS

� Psychological factors play an important role in all pain

processing. These factors include mood, fear-avoidance,

catastrophizing, perceived threat, beliefs and meanings,

expectations and previous pain experience.
� Although medical interventions reduce acute pain

intensity, they do not provide the complete solution.
� Using a broad definition, psychological interventions

include the provision of information, education of

healthcare providers, attentional techniques, relaxation,

hypnosis, and cognitive-behavioral therapy (CBT).

� Evidence for the majority of these interventions for

postoperative pain is mixed. The evidence for cognitive

behavioral interventions for people with acute pain who

are at risk of developing long-term problems is

promising.
� Further research is required to help clinicians ascertain

which interventions are appropriate for which

population and at what time point.

INTRODUCTION

There is increasing emphasis on the need to reduce the
occurrence and intensity of acute pain because:

� unrelieved acute pain can result in psychological and
physiological effects;1

� acute pain is a factor in the development of
persistent pain.2

For many years, the medical model of pain assumed a
direct relationship between physical pathology and pain
and neglected the influence of psychological factors.
Treatments often continue to follow this assumption,
seeking to identify the cause and eliminate pain by

improving pathology or blocking pain pathways. As
conventional medical treatments do not eradicate all
acute pain, the focus needs to shift to multimodal reha-
bilitation techniques, which include psychological inter-
ventions. This chapter will focus on psychological
interventions for two prevalent types of acute pain:

1. patients with postoperative pain;
2. patients with acute pain who are at risk of

developing persistent pain and chronic problems.

The literature’s interpretation of what constitutes a
psychological intervention for acute pain ranges
from the provision of basic information to complex
cognitive-behavioral interventions provided by a range of



healthcare providers (HCPs) with varying levels of
training. For the purpose of this chapter, a broad range
of interventions will be discussed and will include
education for HCPs.

BACKGROUND

Moderate to severe pain continues to be a problem in
medical and surgical hospital settings.3, 4 It is thought to
be experienced by 50–80 percent of people following
surgery and trauma,5, 6 and between 0.05 and 1.5 percent
of people at one year postsurgery.7 These statistics need to
be improved because inadequate postoperative pain
management may

� decrease patient satisfaction with the perioperative
experience;8

� decrease psychological and physical quality of life in
the immediate postoperative period;4, 9

� increase the risk of the development of chronic
postoperative pain, defined as pain of at least two
months duration following surgery,10, 11 which
accounts for up to 25 percent of referrals to chronic
pain services.12, 13, 14

When considering the need to reduce the prevalence of
postoperative pain, the current healthcare climate and the
implications on resources cannot be ignored. For exam-
ple, the drive to decrease the length of hospital stay and
increase the numbers of day-cases means that the relief of
acute pain is essential if targets are to be met and primary
care and hospital visits following discharge are to be
minimized.15, 16, 17

With regards to acute pain caused by musculoskeletal
problems, the reported lifetime prevalence of at least one
episode of low back pain (LBP) varies but has been stated
as ranging from 49 to 70 percent.18 The majority of the
working population has at least one episode of work
absenteeism due to LBP during their career.19, 20, 21 Whilst
most episodes of acute LBP resolve within one month, for
some the pain will persist and reoccur. Reports of short-
term recovery in primary care populations vary from
21 to 90 percent depending on the selection criteria and
outcomes used in the studies,22 but it is estimated that
3–10 percent develop long-term disability.23

Since the publication of various recommendations,24,
25, 26, 27 acute pain services have gradually increased in
number. These documents propose that acute pain should
be managed by an interdisciplinary team. However, they
rarely refer to the provision of psychological interven-
tions, their focus being on medical and nursing inter-
ventions. It remains unusual for a clinical psychologist to
be a member of an acute pain team. In 2004, only ten (4.9
percent) of the 227 UK National Health Service acute pain
teams employed a psychologist.28

To understand the role of psychological interventions
for acute pain, clinicians must move away from the
artificial dualistic model of pain and develop an under-
standing of the role of psychosocial factors involved in
pain perception.

An early explanation of pain physiology by Descartes
in the seventeenth century proposed that

� a direct, unbroken pathway exists between peripheral
pain receptors and specific brain centers;

� pain is always a result of damage;
� the intensity of pain is proportional to the amount

of damage sustained;
� pain perception is purely a physiological process.

This model is now known to be too simplistic and
has been surpassed by the gate control theory,29 which
itself has been refined since its inception.30 As psycho-
physical and functional magnetic resonance imaging
(fMRI) research has developed, so too has our under-
standing of (1) the neural correlates of the pain experi-
ence and (2) the role of psychological processes in the
subjective experience of pain.31 fMRI results suggest that
reports of pain intensity do not correlate with stimulus
intensity but with the degree of cortical activation
in several brain regions that are not only important in
pain processing but also cognitive processes.32 Pain
should not be viewed as either organic or psychological in
origin as both physical and psychological factors play an
important role in all pain perception. Considering only
nociception and somatic factors when formulating peo-
ple’s experience of pain is inadequate. Using only psy-
chological factors to explain pain is often unhelpful and
distressing for the patient. Engel33 developed the bio-
psychosocial model that highlights the dynamic inter-
action between biological, psychological, behavioral, and
social factors during an episode of illness. This model has
been applied to pain34, 35 and has placed psychological
and social factors firmly in the realm of pain research and
practice.36

PSYCHOLOGICAL FACTORS INVOLVED IN PAIN
PROCESSING

The psychological factors that are involved in pain pro-
cessing include:

� mood (for example, anxiety and depression);
� catastrophizing (Box 15.1);
� fear-avoidance (Box 15.2);
� attention and perceived level of threat;
� thought content (for example, attitudes, beliefs, and

meanings);
� expectations;
� previous pain experience.
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These will be discussed in relation to postoperative pain
and acute pain that is at risk of developing into chronic
problems.

Psychological factors and postoperative pain

There are significant variations in reports of postoperative
pain intensity, duration, and quality of the recovery per-
iod, even following the same procedure. This has led to
work addressing the influence of cognitive and emotional
factors on postoperative pain.43, 44[III] However, results

vary due to the use of prospective or retrospective
assessments; different types of analyses; or poor metho-
dology such as omission of the numbers investigated,
the follow-up measures used, and the time of follow up.10

The available evidence suggests that the psychological
factors associated with postoperative pain are not uni-
versally applicable to all surgical procedures or types of
surgery45 and have yet to be validated in predicting
the risk of postsurgical pain in an individual patient.11

In addition, it is not only the patient’s experience
that influences postoperative pain intensity. For example,
a study focusing on elective cesarean sections reported
that the fear experiences of the birth partner were
significantly associated with the mother’s level of post-
operative pain.46

MOOD

Anxiety is commonly addressed in studies that attempt to
understand the association between postoperative pain
and psychological factors.43 The available literature
appears to support a positive association between pre-
operative anxiety and pain45, 47, 48, 49, 50, 51, 52 and post-
operative anxiety and pain51, 53 in the first hour and up to
a year postoperatively. There is also evidence that anxiety
is a predictive factor in the amount of analgesia
required.54 However, significant positive relationships
have not been reported in all studies55 and methodo-
logical problems exist in many.43 One difficulty when
drawing conclusions from the available studies is that
some address state (current) anxiety and some trait
(dispositional) anxiety (Box 15.3) and many use different
measures of anxiety.

In an attempt to make consistent comparisons
across studies, a review43 of the associations between
preoperative anxiety and postoperative variables only
included studies that assessed state and trait anxiety using
the State-Trait Anxiety Inventory.56 Of the 27 studies
that met the review’s inclusion criteria, 12 reported on the
association between preoperative anxiety and post-
operative pain. The effect sizes that could be calculated
from the reviewed studies for state anxiety ranged from

Box 15.1 Catastrophizing

Catastrophizing describes extreme negative
appraisals of internal and external stimuli and
situations. It has been defined in relation to pain as
‘‘an exaggerated negative mental set brought to
bear during actual or anticipated pain
experience’’.37 The pain literature suggests that
catastrophizing consists of three dimensions:
rumination about pain; magnification of the threat
value of a painful stimulus; and perceived
helplessness about ones’ ability to control pain.37, 38

An example of catastrophic thinking is: ‘‘I’ve heard
that people can be in excruciating pain after an
operation like this. I’m not very good at coping
with pain. It’ll be horrible and I know that
something will go wrong.‘‘

Box 15.2 Fear-avoidance

The fear-avoidance model aids understanding about
the development and maintenance of long-term
disability in the presence of persistent pain.39 The
model highlights the interaction between
psychological and physical processes. It proposes
that the presence of pain can elicit beliefs and
cognitions associated with a fear of movement
and/or damage/injury. This results in avoidance of
activity, the maintenance and exacerbation of
fear40, 41 and, in the long term, disuse, disability,
and mood changes. Catastrophizing (Box 15.1)
about pain is thought to be a salient feature in
this process. In the absence of catastrophizing,
people confront situations and engage in activities
that are more likely to promote recovery. Fear-
avoidance beliefs, for example, ‘‘physical activity
might harm my back’’ and ‘‘I cannot do my normal
work until my pain is treated’’42 predict disability
in daily or occupational activity, treatment
outcome, and return to work.42

Box 15.3 State and trait anxiety

� State anxiety is a transitory, unpleasant
emotional arousal characterized by subjective
feelings of tension and apprehension. A
cognitive appraisal of threat is a prerequisite for
the experience of this emotion.

� Trait anxiety is a stable feature of personality.
Individuals scoring high on trait anxiety are
more likely to anticipate and perceive situations
as threatening and respond with state anxiety.
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0.18 to 0.41. Only two effect sizes could be calculated for
trait anxiety, these were 0.37 and 0.38. Despite incon-
sistencies between the studies’ findings, the review ten-
tatively concluded that preoperative state and trait anxiety
both positively correlate with postoperative pain.
The authors attributed the inconsistencies to variations
between the studies (for example, type of surgery and
the gender ratios and age range of the participants) and
methodological problems (for example, differences in
statistical analysis and no controlling for levels of
preoperative pain).

The literature that attempts to understand adults’
anxiety when facing surgery is surprisingly sparse. Anxi-
ety about perioperative risks and problems is thought to
be associated with worse than expected postoperative pain
experience.8

Studies report minimal positive or no effects of pre-
operative anxiolytics on postoperative pain and analgesic
requirements.57, 58, 59 However, there is some evidence to
the contrary60 which may be mediated by the type and
severity of surgery.57

Anxiety does not exist in isolation and its effect on
postoperative pain may be mediated by other psycholo-
gical variables such as coping style, cognitive style, and
other aspects of mood. The association between post-
operative pain and depression has received less attention
than anxiety. The studies available suggest that pre-
operative depression is associated with higher post-
operative pain intensity,48, 61 morphine requirements, and
requests for patient-controlled analgesia (PCA).62 Even
mild depression is a predictor of moderate to intense
postoperative pain.48

CATASTROPHIZING

Research findings have consistently suggested that
catastrophizing (Box 15.1) is associated with heightened
pain experience across a range of diverse patient groups.37

Catastrophizing prior to surgery has been shown to be
associated with greater postoperative pain intensity38[III],
44[III] and may mediate the effect of anxiety on post-
operative pain.38[III] One study made a distinction
between postoperative pain at rest and during activity,
suggesting that people classified as ‘‘high’’ or ‘‘low’’ cat-
astrophizers did not differ on reported pain intensity at
rest following an operation. However, the high catastro-
phizers reported more pain during activity.44[III] This
may have a detrimental impact on postoperative rehabi-
litation. An association between postoperative catastro-
phizing and increased pain intensity has also been
reported.63[III]

Reports of the association between catastrophizing
and the use of postoperative analgesia are varied: an
increased use of analgesia has been found following
breast surgery63[III] but not following anterior cruciate
ligament repair.44[III]

THREAT VALUE

Perception of threat is a significant factor in pain per-
ception.64 If an event occurring in the presence of pain is
perceived to be a greater threat than the pain, attention
is likely to be removed from the pain and towards the
threatening event. Thus the pain becomes less salient
and disruptive. If the pain is caused by a stimulus that
is perceived to be threatening, attention is likely to be
focused towards the pain and attention on current tasks,
activities, and events is disrupted.65 Anticipation of pain
results in a similar response.66

Perceived threat is thought to activate pain schemata
(Box 15.4) that represent the sensory, spatial, temporal,
and affective properties of the pain experience67 and
influence attention to pain. For example, a study reported
that although people classified as high or low catastro-
phizers attended to pain to a similar degree, the high
catastrophizers had more difficulty disengaging from the
pain.68 The authors postulated that the perceived threat
activated the pain schemata. This may have elicited a
negative state and increased the accessibility of schema-
congruent information and interfered with the processing
of schema-incongruent information (Box 15.4). This
resulted in a difficulty disengaging from the pain-
congruent information. This selective processing bias
towards threat stimuli that is congruent with current
concerns has been shown to be a predictive factor in
postoperative pain.43

The extent to which the pain is perceived as personally
threatening is thought to influence which pain-
related schemata are activated. If attention is on
the sensory aspects of the pain, the sensory schema
overrides the affective schema and the pain is reduced.
If the pain is perceived as threatening, the affective
schema is activated and the pain intensity experienced
increases.69

Box 15.4 Pain schemata, congruent and
incongruent information

� Schemata (plural) are mental representations
that mediate perceptions and guide responses.
They can be revised by new information.
Someone’s pain schemata will contain beliefs,
thoughts, and images about pain that have
evolved through their experience.

� Schema (singular) congruent information is
information that is compatible with someone’s
schema, in this context, someone’s
representations of pain.

� Schema incongruent information is
information that is incompatible with someone’s
schema.
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BELIEFS AND MEANINGS

Patients’ beliefs and meanings

Beliefs and meanings influence the perception of and
responses to pain.8, 70, 71 They may be about, for example,
the cause and consequences of the pain, expectations of
pain intensity, or a treatment or diagnosis. Beliefs and
meanings are shaped by factors such as past experiences
of pain, family and cultural beliefs, and experiences
with HCPs.

Different people hold different beliefs and meanings
and these will influence their reports of their pain
experience, including pain intensity. For example, it has
been suggested that patients who have abdominal surgery
to treat cancer are less likely to report moderate to intense
postoperative pain than those who have abdominal sur-
gery for a problem with a benign etiology.48 The authors
suggest that this may be because the patients with cancer
viewed the pain as necessary if their heath was to improve.
Conversely, if a patient believes that experiencing pain
indicates postoperative complications or that their
situation is graver than they thought, they may report
greater pain intensity.

Patient beliefs can result in a reluctance to report pain
even if severe pain is being experienced. Such beliefs may
be about:

� clinicians being too busy to help;72

� having to show they can tolerate pain;73, 74

� concerns about addiction to analgesia.75

Fears of addiction and concerns about potential overdose
and side effects have been reported to reduce the use of
PCA in one-quarter of patients.76 Most patients used the
PCA as soon as they experienced pain or had to move,
but over one-third waited until they could not tolerate the
pain. Nearly half used the PCA only when told to do so by
someone else, and many limited their use of analgesia
because they were trying to balance analgesic effects
against side effects and feared administering a possibly
harmful drug76 (see Chapter 11, Patient-controlled
analgesia).

Patients’ beliefs about how much knowledge they
should have about their condition and the extent of their
involvement in their health care can affect their pain
management. For example, it has been proposed that
those who seek information report less severe pain.47

Patients adopt three general strategies for managing
postoperative pain:77

� Passive recipient – Patients do not involve themselves
in decision making about their pain management
and refer this process to HCPs. This passivity can be
reinforced by their context, such as the language used
by HCPs.78

� Problem solving – Patients actively increase their
knowledge about analgesia.

� Active negotiation – Patients ensure that they are
involved in decision making regarding their pain
management.

Adoption of a passive recipient role (60 percent of
patients) was associated with poorer pain management
and an increased likelihood of receiving nonopioid
analgesia; whereas patients using problem solving and
active negotiation (23 and 17 percent, respectively) were
more likely to receive opioid analgeisia.77

Healthcare providers’ beliefs and meanings

Studies have reported that HCPs’ knowledge, beliefs,
perceptions, attitudes, and behaviors also influence
patient reports of postoperative pain and the quality
of their pain management.79 Examples associated
with postoperative pain and inadequate postoperative
analgesia include

� HCPs viewing adequate rather than absolute pain
relief as a goal of postoperative analgesia;79

� a lack of agreement between the hospital team about
treatment goals;75

� an underestimation by HCPs of postoperative pain
intensity80 and beliefs about how well patients are
coping with their pain;81

� inadequate assessment and documentation of pain
and relief;75

� a belief that analgesia makes diagnosis difficult;
� a belief that opioid dose should relate to disease

severity rather than pain intensity;
� HCPs’ fear of side effects and addiction, particularly

when the analgesia is an opioid47, 82 or the patient
has a history of drug abuse;75

� a lack of knowledge amongst HCPs regarding the
terms addiction, physical dependence, psychological
dependence, and tolerance. This can result in the
withholding of analgesia.8

Progression of acute to persistent pain

Acute pain may progress to persistent pain following
surgery, trauma, infection (e.g. acute herpes zoster), or
following an episode of musculoskeletal pain.61 Although
variable in its quality, evidence is beginning to demon-
strate that psychological and social factors play important
roles in the transition from acute to persistent pain36, 83

and may have more of an impact on disability than bio-
mechanical factors.36 The psychological variables involved
in the transition from acute to persistent pain are thought
to be36

� cognitive factors (for example attitudes, cognitive
style, fear-avoidance beliefs, interpretation of pain);

� passive coping;
� pain cognitions (for example catastrophizing);
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� mood (notably depression and anxiety);
� self-perceived poor health status.

Psychosocial factors that are associated with the risk
of developing long-term pain and disability following
an episode of acute LBP are called ‘‘yellow flags’’84

(Box 15.5).
Although differences exist between LBP and pain in

other areas, yellow flags are thought to be applicable to
populations other than those with low back pain.85

Guidelines have been developed84 to help HCPs identify
their patients’ psychosocial yellow flags and provide
interdisciplinary interventions that facilitate recovery and
prevent or reduce long-term disability. Unfortunately,
some HCPs misuse the identification of yellow flags to
formulate the patient and their problems within an
unhelpful framework that suggests functional or psycho-
somatic pain or even evidence of malingering, which is
not their purpose.84

FEAR-AVOIDANCE AND CATASTROPHIZING

The relationship between fear-avoidance (Box 15.2),
catastrophizing, and disability has been investigated,
mainly in persistent pain.40, 86, 87, 88 Research findings are
beginning to suggest that some people hold fear-avoid-
ance beliefs and have a tendency to catastrophize even if
they have not experienced an episode of LBP or they are
experiencing their first acute episode. Clinical studies
have indicated that higher levels of catastrophizing in the

very early stages of acute pain onset is associated with
reports of greater pain intensity86 and is predictive of
self-reported disability at six months89 and one year.90

Studies that have investigated catastrophizing prior to an
episode of acute pain have provided mixed evidence with
regards to whether pain intensity reports are associated
with catastrophizing before or during the experience of
acute pain.91

HCPs BELIEFS

HCPs’ beliefs influence their practice, and this may
impact on the persistence of pain and level of disability of
their patients.92 Despite recommendations to avoid bed
rest in the management of acute back pain,18, 93, 94, 95, 96, 97

[I] some HCPs do not follow the guidelines.98, 99, 100, 101

Beliefs that physical activity may be harmful and should
be avoided in LBP continue to be prevalent amongst
general practitioners.102 A study involving physical
therapists reported that despite recognizing predictors of
chronic disability in patients with acute pain, 34.5 percent
of physical therapists advised these patients not to work.
The greater the physical therapists’ perception of severe
spinal pathology, the more likely they were to give this
advice.98 HCPs’ beliefs may also influence their patients’
beliefs. A study has shown that patients with LBP who
have fear-avoidance beliefs have seen rheumatologists
who also have extensive fear-avoidance beliefs about the
relationship between work activities and back pain.103

PSYCHOLOGICAL INTERVENTIONS

Many people with acute pain do not require formal
psychological interventions. High quality care aimed at
the management of anxiety is sufficient for many. Should
the level of threat become unmanageable for the patient,
then more comprehensive psychological interventions
may be required.

A meta-analysis104[III] of 191 studies addressed the
effects of three types of interventions in the context of
surgery:

� healthcare information (information on preparation
for surgery, timing of procedures and pain, functions
and roles of HCPs and ways to self-manage);

� skills teaching (exercises, relaxation, hypnosis,
cognitive reappraisal);

� psychosocial support (identifying/alleviating
concerns, reassurance, problem-solving, encouraging
questions).

Although significant small to moderate beneficial effects
were found on recovery, postoperative pain, psychological
distress, and length of hospital stay, there were metho-
dological problems with the review: it did not assess

Box 15.5 Yellow flags

Yellow flags are the psychosocial factors that have
been found to predict poor outcome following an
episode of acute LBP and are associated with the
development of long-term pain and disability.
These include

� the belief that back pain is harmful and/or
disabling;

� reduced activity levels due to fear of increased
pain;

� tendency to low mood and withdrawal from
social interaction;

� expectations that recovery will be facilitated
purely by passive treatments rather than active
participation;

� problems with claim and compensation;
� history of back pain, time off, other claims;
� problems at work, poor job satisfaction;
� heavy work, unsociable hours;
� overprotective family or lack of support;
� treatment that does not fit best practice.
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whether these improvements were of clinical relevance; it
included nonrandomized trials; and it was unable to state
which specific interventions were effective because it
analyzed many types of intervention together. This meta-
analysis was published in 1992. There does not appear to
be a more recent published meta-analysis or systematic
review that addresses the efficacy of a range of non-
medical interventions for postoperative pain. The more
recent studies that are discussed below have tended to
focus on one intervention.

The provision of information

Although some may not interpret providing information
to patients as a psychological intervention, it is an
essential foundation when addressing the needs of
patients with acute pain. The majority of research that
addresses the provision of information for acute pain
focuses on the effects of procedural and sensory infor-
mation on pain intensity following surgical and medical
procedures. Procedural information describes what will
happen during an intervention and sensory information
describes the possible sensory experiences.61 Procedural
and sensory information can be provided separately or in
combination. Reviews of their effectiveness have pro-
duced mixed findings. However, a summary of the
evidence105 based on a systematic review106[I] states that

� providing a combination of sensory and procedural
information preoperatively significantly reduces
postoperative pain, distress, and negative affect;

� providing sensory information alone has similar, but
not as strong, effects and is more effective than
providing procedural information alone which does
not provide any significant benefits over a control
group.

A combination of sensory and procedural information
may be more effective because procedural information
provides ‘‘a map of specific events’’ and sensory infor-
mation ‘‘facilitates their interpretation as nonthreaten-
ing.’’106[I]

A more recent meta-analysis107[I] has reported that

� procedural information reduces postoperative pain;
� sensory information does not reduce postoperative

pain.

Because differences exist between patients in the amount
of information they want and need to manage the peri-
operative situation, HCPs must be sensitive to, and assess
the needs of, each individual rather than providing the
same information by the same means to every patient.
Some patients can be given too much information and
when required to make decisions they feel more anxious
and report more pain, especially if avoidance is their usual

means of coping. To help HCPs determine the type and
detail of information to provide, their assessment of
the patient should include61

� beliefs concerning the cause of the pain;
� knowledge, expectations, and preferences for pain

management;
� expectations of outcomes of treatment;
� the level of pain reduction the patient requires to

resume reasonable activities;
� views about the amount of procedural and sensory

information they would like;
� coping responses for stress and pain.

HCPs must also consider the context in which they pro-
vide information. It is best given in the context of an
ongoing relationship and in an environment where the
patient is able to attend to what is being discussed, does
not feel rushed, and feels able to ask questions and seek
clarification.

HCPs education

The biopsychosocial model suggests that the patient’s
context influences their pain perception and beliefs. HCPs
are an essential part of this context. Their beliefs and
style and content of their communication play a pivotal
role in how patients respond to their pain. HCPs need to
receive education about, and support in, the following:

� The promotion of postoperative pain as preventable
rather than inevitable,11 Some HCPs consider pain to
be an unavoidable postoperative problem and
therefore its reduction is often not a priority for
them.108

� Awareness that taking into account psychological
factors when formulating a patient’s pain experience
is not an indication that the pain is ‘‘emotionally
derived.’’10 Psychological and physical processes are
involved in all pain perception for all people.

� Awareness that a patient’s meanings and beliefs
about pain are subjective. They must not be
dismissed if they differ from those of the HCP or do
not appear to fit with an objective view of the
patient’s condition and situation. Even a minor
hospital procedure can be accompanied by a high
level of anxiety, anticipation of pain, worries about
survival and recovery, concerns about the home
situation, and memories of previous hospital
experiences.109

� Awareness that words used benignly by HCPs can be
interpreted by the patient as meaning serious
pathology and/or future serious problems and can
increase the patient’s level of perceived threat.110

� Communication skills to help HCPs and patients
work collaboratively and to enable patients to
understand their options, communicate their
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preferences, and share responsibility for their pain
management.77

� Skills to listen and respond appropriately to a
patient’s anxiety about pain experiences.

� Skills to recognize patients who are at risk of their
acute pain developing into chronic problems.

� The provision of appropriate information in line
with current guidelines.

� The ability to explore patients’ unhelpful beliefs and
concerns as opposed to providing reassurance which
may have the counterproductive and paradoxical
effect of strengthening patients’ fears.110, 111

Despite evidence to suggest that staff education programs
can improve the management of pain,112, 113, 114[III],
115[III], 116[III] these may not be effective in altering the
practice of some HCPs. Postoperative pain assessment
and documentation can still be inadequate in the clinical
environment following HCPs’ education.117 One study
concluded that despite a hospital policy of regular pain
assessment using validated tools, a pain scale was used in
only 12.6 percent of cases.77 HCPs’ fear-avoidance beliefs
or the advice they give to patients concerning physical
and occupational activities are not always modified with
education sessions.102, 103 It is essential that education
programs are rigorously developed and continuously
evaluated108 and if they are proven not to change HCPs’
beliefs and practice then alternative and possibly more
complex interventions may be required.103

Attentional techniques

There is evidence to suggest that some attentional tech-
niques (Box 15.6) reduce postoperative pain and the
amount of analgesia used.119[II], 120[III] However, this is

not so for all techniques. For example, a systematic review
concluded that focusing on music alone does not reduce
pain levels in people undergoing surgery or invasive
procedures.121[I] A study comparing music with focusing
on pain site during the changing of burns dressings
concluded that focusing on the site was more effective in
reducing pain during this procedure.122[II] Focusing on
the pain’s sensory elements during a painful procedure
may alter pain perception and reduce pain in people
who wish to have a high level of control but perceive
themselves as having low level of control.123[II], 124[II]

Relaxation

Although relaxation has become popular as a pain-
relieving intervention for acute pain, summaries of the
available evidence state there is little to suggest that it is
beneficial in the perioperative setting,61 that ‘‘convincing
evidence for the efficacy of relaxation [for acute pain] is
lacking’’ and ‘‘more trials of better quality are needed.’’125

In 1996, a review of 21 trials (19 controlled trials of
which 11 were randomized) evaluated the effects of sev-
eral different methods of relaxation and/or types of music
on postoperative pain.120[III] It concluded that 10 out of
13 studies reported a significant reduction in affective
pain and four out of four in observed pain. There was a
less significant reduction in reported pain (6 out of 12
studies) and no significant reduction in opioid intake (5
out of 15 studies). Methodological problems cast doubt
on the validity of the results.125 Some treatment groups
were small and some were not randomized. The majority
did not report on pre-intervention between group dif-
ferences in pain, some did not report controlling for any
between group differences and there were a variety of pain
measures used (sensory, affective, and unidimensional
pain and self-reported and observed pain). Many studies
did not supervise relaxation practice by the participants
and their relaxation skills were not assessed.

A systematic review in 1998 assessed seven studies (six
postoperative and one during a femoral angioplasty)
addressing the effectiveness of relaxation techniques.126

The authors could not conduct a meta-analysis due to
a lack of primary data and a number of the trials
being methodologically flawed. Three trials reported
significantly less pain and/or pain distress in those
who practiced relaxation. Four did not demonstrate a
beneficial effect of relaxation.

A more recent systematic review of randomized trials
studying the effect of relaxation on pain intensity repor-
ted similar findings to previous reviews: many studies had
weaknesses in their methodology which limited the ability
to draw conclusions about the effectiveness of relaxation.

Some studies have reported beneficial effects of
relaxation. A meta-analysis of randomized controlled
trials assessing a variety of methods of psychological
preparation for surgery reported that relaxation was

Box 15.6 Attentional techniques

Attentional techniques aim to61

� alter attention in relation to the pain;
� modify the experience of the pain;
� achieve a change in emotional state.

There are two main categories of attentional
techniques.

1. Switching attention to a stimulus other than
pain, for example imagery, sensations, noise,
and smells.

2. Retuning attention towards the pain ‘‘so that
aspects are attended to which are less
distressing and interruptive.’’118
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associated with a reduction in pain intensity, negative
affect, the use of analgesia, length of hospital stay and
costs, and an improvement in clinical indices of recovery,
physiological indices, and patient satisfaction.107[I] A
meta-analysis of studies evaluating relaxation for people
with cancer undergoing acute medical interventions
(chemotherapy, radiotherapy, and bone marrow trans-
plant) suggested that relaxation strategies were associated
with a reduction in treatment-related pain.127[I]

Hypnosis

Comparing studies and drawing conclusions about the
effectiveness of hypnosis (Box 15.7) in reducing acute
pain is difficult given the variable nature of hypnotic
procedures,128 the small numbers of participants, and the
absence of controls.129 A meta-analysis of randomized
controlled trials of different methods of psychological
preparation for adults prior to surgery reported that
hypnosis does not reduce pain intensity or medication
use.107[I] A more recent review of studies that evaluated
the effectiveness of pre- and postoperative hypnosis in
both randomized and nonrandomized studies reported
mixed but more encouraging results.129 Significantly
less pain was reported by groups of patients following
orthopedic hand surgery,130[III] excisional breast
biopsy,131[II] plastic surgery,132[III], 133[III] thyroid sur-
gery,134[III] and percutaneous vascular and renal proce-
dures,135[III] but not following various gynecological
procedures,136[II] breast surgery,137[II] and radial kera-
totomy.138[III] A significantly lower amount of analgesia
was required intra- or postoperatively in breast137[II] and
thyroid,134[III] but not head and neck139[III] and max-
illofacial surgery.140[III] Other studies and reviews have
concluded that hypnosis is superior to attention or
standard care control conditions for acute pain associated

with procedures such as burn wound care, bone marrow
aspiration,141 and child birth.142[I]

It has been argued that the data in reviews of hypnosis
must be treated with caution because not every patient
can be hypnotized, many are small nonrandomized
studies, and there is great variability in the techniques and
definitions used.129, 143

Cognitive-behavioral therapy

Evidence is emerging to suggest that the psychological
and social factors that play a significant role in the tran-
sition of acute pain to a chronic problem may be present
before the first episode of pain or the first consultation
with an HCP. These factors could be used to identify
those at risk and guide cognitive-behavioral interventions
(Box 15.8) to help prevent the development of permanent
disability144, 145[II], 146, 147, 148 Some have suggested that
these interventions should focus on catastrophizing and
fear in the same manner as interventions for persistent
pain.44[III], 63[III]

Box 15.7 Hypnosis

Although definitions of hypnosis vary according to
the theoretical perspective taken, it can be
considered to be a state of focused attention
where one is absorbed in creative imagination and
dissattends to outside stimuli. This state is often
thought of as one that people naturally experience,
for example when absorbed in a book or film. Once
this state is achieved, the details of the procedure
differ depending on the therapist’s theoretical
stance. In this state, people can respond more
easily to suggestions that are given by someone
externally or that people give to themselves using
imaginal rehearsal (this involves visualization and
mental rehearsal of steps to take and/or goals to
achieve).

Box 15.8 Cognitive-behavioral therapy

Cognitive-behavioral therapy is a psychological
intervention that addresses the relationship
between people’s cognitions (thoughts), emotions,
behavior, and bodily sensations. The cognitive-
behavioral model proposes that people create
meanings and beliefs about themselves, their lives,
the world, and other people. This includes physical
symptoms experienced. Meanings, beliefs,
emotions, behaviors, and bodily sensations all
influence each other. More specifically to pain, the
meaning people hold for their pain, and their
subsequent cognitive, emotional, and behavioral
responses to their pain can increase distress and,
in the long term, disability.

Cognitive-behavioral interventions are
appropriate when meanings and beliefs are having
a detrimental impact on psychological and physical
functioning. Cognitive-behavioral therapists work
collaboratively with the patient to elicit the
meanings they hold (for example, ‘‘Having to have
this operation means I must have cancer and this
means I will die’’ or ‘‘My pain means that
something is badly damaged’’) and help them to
become aware of their unhelpful beliefs, thoughts,
thought processes, and behaviors that may be
reinforcing the patient’s difficulties. The therapist
and patient work together to gather evidence that
helps the patient generate alternative, more helpful
beliefs and meanings and to change behaviors.
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Despite growing evidence to support the provision of
psychological interventions for acute pain, many patients
continue to receive medical interventions (such as
analgesics or physical therapy149) in isolation and with
increasing intensity should initial attempts fail.150 One
study reported that people’s physical function and sick
leave did not improve over seven months despite receiv-
ing high levels of medical health care for spinal pain
during this time.151 A review of interventions for acute
pain to prevent long-term back and neck pain problems
revealed disappointing outcomes for lumbar supports,
back and neck schools, use of ergonomics, and risk factor
modification. Exercise was the only effective preventative
intervention of those evaluated.152[I] The lack of these
interventions’ effectiveness may be due to their focus
being on pain and function rather than the psychological
factors known to be associated with the risk of developing
persistent pain (for example, fear-avoidance beliefs and
catastrophizing).151

Some trials of psychosocial interventions for acute
pain have not supported their use. A clinical trial153 did
not find significant beneficial effects of a minimal inter-
vention strategy (MIS) provided by general medical
practitioners for acute or subacute LBP when compared
with care as usual. The MIS involved:

� the exploration of psychosocial prognostic factors
(causal beliefs, fear-avoidance beliefs, catastrophizing,
unhelpful behaviors such as avoidance, reactions
from significant others, and physical and
psychosocial factors at work);

� the provision of information about the cause, course,
and treatment of LBP;

� the provision of information about the interaction
between psychosocial factors, cognitions, emotions,
behavior, and pain;

� collaborative goal setting by the patient and GP
around resuming activities or work;

� discussion of time-contingent use of analgesia;
� a booklet based on the Back Book.154

The intervention for the ‘‘care as usual’’ group followed
the Dutch College of General Practitioners’ guidelines
for LBP155 advising analgesia and gradual uptake
of activities, and recommendations on reactivation and
home exercises. This group did not receive guidance
on psychosocial factors. Unfortunately, this study
had been cited as evidence that psychosocial interven-
tions do not reduce the risk of persistent pain and
disability in an acute pain population. However,
there are significant methodological problems with this
study:

� Patients who had elevated scores on the psychosocial
measures were not identified. There may have been
significance between group differences on these
measures.

� The study did not assess whether, or to what extent,
psychosocial factors were addressed in the usual care
group.

� The practitioners had only five hours of training,
which is an inadequate amount of time to learn
what can be a complex intervention. Clinicians who
have been formally trained in psychosocial
interventions receive a significantly greater amount of
training.

� The skills of the practitioners were not evaluated and
the study did not assess whether the practitioners
had carried out the interventions as required.

� Seventy percent of the patients in the MIS group had
only one 20-minute consultation in which
psychosocial issues were addressed. This may not
have been sufficient to enable some patients to use
and generalize the information.

� A significant part of the MIS intervention was
examination and activity advice. Although essential,
this may have been inadequate for people who
required a cognitive-behavioral intervention, with a
cognitive behaviorally trained clinician, to address
catastrophizing, pain-related fear, and avoidance86

with the aim of reducing their risk of long term
disability.156

Cognitive-behavioral interventions for acute pain do not
consist of one technique but are multimodal. Depending
on the patient’s needs they may include education about
pain, goal setting, graded exercise, pacing of activities,
relaxation, specific cognitive and behavioral techniques,
and problem solving. Although some have specific aims
such as return to work,157 a more general aim of these
interventions (whether in the perioperative setting or in
the prevention of acute pain developing into chronic
problems) would be to alter patients’ beliefs and behavior
in relation to their pain; reduce fear and avoidance
(Box 15.2); enhance coping; reduce distress; and prevent
long-term disability.158[II] Randomized controls trials
show that an early intervention cognitive-behavioral
group approach for those with pain in the acute phase
demonstrates significantly better results in preventing
disability when compared with control groups.157, 159[II],
160[III], 161[II], 162[II] These interventions also reduce
sick leave and healthcare use158[II] and produce long-
term health and economic benefits.163[II] Cognitive-
behavioral interventions for people who have experienced
episodes of acute back pain but who have not yet
accessed the healthcare system reduce the risk of disability
three-fold, sick leave three-fold, significantly reduce fear-
avoidance beliefs, and increase the number of pain-free
days.164[II]

Although this work is promising, some essential work
is still required:22, 156

� Those at risk need to be identified with reliable
screening instruments.
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� Further knowledge is required regarding which
patients respond, at what time point, and with what
interventions.145[II], 165

� The interventions need to be refined and controlled
studies are needed to evaluate their effectiveness.18

USING ASSESSMENT PATIENT SATISFACTION
TO EVALUATE PAIN INTENSITY

It is essential that the effectiveness of interventions for
pain intensity is evaluated. Using a visual analog scale to
assess pain intensity is extremely common although
problems exist with this method.166 It is acknowledged
that the multidimensional nature of pain should be
reflected in the outcome measures used. In an attempt to
do this, a measure of patient satisfaction with post-
operative care is often used as a means to assess the
effectiveness of pain management. However, many
patients report being satisfied with their postoperative
care despite experiencing moderate or severe post-
operative pain.71, 167, 168, 169 For example, one study170

reported that 76 percent of patients reported moderate to
severe postoperative pain, yet 81 percent reported being
satisfied with their pain management. Another reported
that although more than half of patients stated that
postoperative pain interfered with their sleep and daily
activities, and more than one-third reported that it
interfered with their normal sexual functioning, most
were satisfied with the management of their pain.4

Although patient satisfaction is influenced by a
reduction in pain intensity, it is influenced by many other
factors including:171

� perception of high levels of support;172

� lower levels of depression;172

� higher levels of internal locus of control;173

� beliefs that the HCP appears caring174 and is making
efforts to provide pain relief;175

� perceptions of the quality of HCPs communication;176

� confidence and trust in the HCP;177

� a desire to please the HCP;8

� the drug side effects experienced.8

These factors and the paradoxical relationship between
pain experienced and satisfaction suggests that satisfac-
tion ratings do not fully reflect the patient’s experience of
their pain management and should not be use to report
its effectiveness.4, 178, 179 Although it is important to assess
patient satisfaction, the assessment of pain management
requires a multidimensional assessment.178

CONCLUSION

Medical interventions can be helpful in reducing acute
pain. However, acute pain, notably postoperative pain

and the progression of acute pain to persistent pain,
continues to be a problem in the healthcare system. Given
that psychological variables are involved in the processing
of and responses to pain, psychological interventions may
be useful in reducing acute pain. Research is enabling
clinicians to consider such interventions. However, the
amount of research is relatively small when compared
with that for persistent pain, and the results are incon-
sistent. This inconsistency may be due to methodological
problems in the studies and the heterogeneity (for
example, etiology, pain site, type of surgery) of acute
pain. An effective psychological intervention for acute
pain of one cause may not be effective for another.
Research to date suggests that psychological interventions
may reduce postoperative pain and prevent the transition
from acute pain to chronic problems. However, many
studies conclude that further research is required. This
research is needed to ascertain which psychologically
based interventions are appropriate for which population
(taking account of the pain’s etiology, the patient’s psy-
chosocial characteristics, and the risk factors present) and
at what time point.

Even with sound research available, it is important that
HCPs are skilled in developing a comprehensive under-
standing of the patient and their pain that includes
psychosocial variables. This will help them to offer
appropriate individualized pain management that is
sensitive to the patient’s needs.8, 180
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KEY LEARNING POINTS

� Psychological factors play an important role in shaping

pain perception in children. These factors include

personality (temperament), mood (anxiety, depression),

and cognitions (attitudes, beliefs, meanings,

expectancies, memories of previous painful experiences).
� Comprehensive assessment of the psychological factors

that shape pain perception is imperative to maximize

the success of pain management interventions.
� Psychological interventions are useful for the

management of acute pediatric pain, although evidence

for their efficacy varies depending on type of pain.

� For procedure-related pain, particularly needle

procedures, distraction, hypnosis, and cognitive-behavior

therapy are evidence-based interventions.
� For postoperative pain, preparation, guided imagery, and

cognitive behavior therapy are promising.
� For acute pain due to illness or injury, cognitive

behavior therapy is promising.
� How parents feel and what they think and do

influences their child’s pain perception and response.

Parents need to be included in pain management

interventions.

INTRODUCTION

The most common type of pain experienced by children is
acute pain resulting from injury, illness, or, in many cases,
necessary medical procedures. Healthy children undergo
immunizations repeatedly throughout their childhood.
Currently, the Advisory Committee on Immunization
Practices (www.csc.gov/nip/acip), the American Academy
of Family Physicians (www.aafp.org), and the Canadian
Paediatric Society (www.cps.ca) recommend over 20 var-
ious immunizations before the age of 18 years. A variety of
medical conditions can result in different levels of pain for

children from mild to extreme. These include, but are not
limited to, burns, otitis media, pharyngitis, acute head-
aches, orthopedic injuries, some cancers, sickle cell crises,
and procedures such as venepunctures, lumbar punctures,
and bone marrow aspirations. This chapter will focus on:

� Procedure-related pain. Defined as pain caused by a
diagnostic or treatment procedure in the conscious
patient (e.g. venepuncture, lumbar puncture, dental).
These procedures, although sometimes perceived as
intensely painful by children, are not necessarily
tissue damaging or invasive (e.g. physiotherapy).

www.csc.gov/nip/acip
www.aafp.org
www.cps.ca


� Acute postoperative pain. Defined as pain after a
surgical procedure, sometimes associated with drains,
chest or nasogastric tubes, or related to postoperative
mobilization and resumption of daily activities.

� Acute pain due to an illness or injury. Defined as
disease-related physiological processes that cause
tissue damage and acute or recurrent pain (e.g. sickle
cell crisis, fractures with osteogenesis imperfecta,
cancer) of less than three months duration.

SIGNIFICANCE OF THE PROBLEM

There is now a substantial body of research affirming that
children who have been repeatedly exposed to anxiety-
provoking painful medical events are at increased risk for
developing adult dysfunctional cognitions and avoidant
attitudes toward health care.1 In some cases, serious
mental health problems, such as posttraumatic stress can
occur. Posttraumatic stress is characterized by severe
memories of the traumatic event; avoidance of people,
places, and things that remind the child of the trauma;
poor sleep and nightmares; and difficulty feeling calm and
in control. In a study of over 300 cancer survivors and
their parents,2 distressing recollections of pain and pain-
ful procedures were prominent, in both mothers’ and
children’s accounts, supporting the notion that poorly
managed pain during procedures contributes to long-
term psychological difficulties for children and their
parents. Relatively sophisticated theories have been
developed that explain these risk mechanisms and give
direction to specific approaches for clinical intervention.3

In recent years, great progress has been made in the use
of pharmacological analgesia to prevent and treat chil-
dren’s acute pain. However, as yet there are no perfect
analgesics that provide complete pain relief without risk or
side effects. Thus, the risks of analgesics may outweigh the
benefit for some acute pain situations, they may provide
incomplete analgesia, or have bothersome side effects such
that children or parents refuse them.4 Furthermore,
pharmacological analgesia does not adequately address the
emotional, cognitive, and behavioral components that are
integral to pain perception. Consequently, effective pain
management requires an interdisciplinary approach and
must include behavioral, psychological, and physical
techniques, which can be used alone or in combination
with pharmacologic treatment.

This chapter summarizes current knowledge about the
theoretical, empirical, and clinical characteristics of certain
psychological interventions, and aims to encourage prac-
titioners working with children to make informed choices
in their treatment selection, and understand the potential
risks, as well as benefits, of specific treatment choices for
their young patients. The chapter begins by briefly dis-
cussing a model of acute pediatric pain and the general
assessment strategy that is required when evaluating chil-
dren experiencing pain. It continues by presenting relevant

developmental and cultural considerations. Following this,
psychological interventions that are widely used in clinical
practice and have been empirically investigated in acute
pain management with children (such as preparation,
relaxation, distraction, hypnosis, and multicomponent
cognitive-behavioral programs) are presented in detail. For
each intervention the available evidence supporting its
efficacy for postoperative, procedure-related, and illness-
related acute pain is discussed. The chapter concludes by
reviewing the state of the knowledge regarding the role of
parents in pediatric pain perception and management.

PSYCHOLOGICAL INFLUENCES ON CHILDREN’S
ACUTE PAIN

Most researchers agree that many factors can influence a
child’s response to pain including historical events (pre-
vious personal and family experience with pain), envir-
onmental, developmental, sociocultural, psychological
(cognitive, emotional, behavioral), and contextual.5, 6, 7

Identifying psychological factors associated with acute pain
not only has theoretical value, but is vital for the devel-
opment and refinement of effective treatments. Figure 16.1
presents a model of acute pediatric pain based on the
biobehavioral model of pain5, 8 and recent research find-
ings. The main child-related factors contributing to pain
perception and response are briefly discussed below.

Anxiety

Preoperative anxiety in young children undergoing sur-
gery is associated with a more painful postoperative
recovery and a higher incidence of sleep and other
behavioral problems.9[IV]

Anxiety sensitivity

Anxiety sensitivity is the fear of arousal-related somatic
sensations, arising from beliefs that these sensations have
harmful consequences (e.g. fear of palpitations arising
from beliefs that cardiac sensations lead to heart
attacks).10 Lipsitz and colleagues11 found that youngsters
with noncardiac chest pain had higher levels of anxiety
symptoms and anxiety sensitivity compared to youngsters
with benign heart murmurs.

Expectancies

Expectancies are beliefs about a future state of affairs and
arise from knowledge about outcome contingencies. They
are subjective probabilities and vary in certainty.12 Palermo
and Drotar13 in their model of postoperative pain propose
that a child’s postoperative pain report is a product of
background variables (age, surgery severity, medication
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received), anticipatory emotions (anxiety), and expectations
about pain and analgesia. Logan and Rose14 found that
there is self-fulfilling prophesy in adolescents’ postoperative
pain experience, wherein teens who expect to have high
levels of postoperative pain ultimately report more pain and
use more opioid (via patient-controlled analgesia (PCA))
than those who expect lower levels of pain.

Temperament

Temperament is the behavior style or the ‘‘how’’ of beha-
vior as contrasted with the abilities, or ‘‘what’’ of behavior,
and the motivations, or ‘‘why’’ of behavior.15 A more pain-
sensitive temperament has been associated with increased
reports of pain and anxiety during painful medical pro-
cedures. Chen and colleagues16 found that pain sensitivity
moderated the effectiveness of a psychological intervention
in reducing observer-related distress during lumbar
punctures. Children with higher pain sensitivity who
received the intervention showed greater decreases in dis-
tress and systolic blood pressure than did children with
lower pain sensitivity. In the control group, those with
high pain sensitivity showed greater increases in these
variables over time. In a postoperative setting, Helgadottir
and Wilson17 found that after tonsillectomy children who
were more temperamentally active and had lower

temperamental thresholds, had more negative moods,
were distractible, and reported higher pain intensity.

Catastrophizing

Catastrophizing is defined as ‘‘an exaggerated negative
mental set brought to bear during actual or anticipated
pain experience.’’18 Bennett-Branson and Craig19 found
that coping strategy use, perceived self-efficacy, and fre-
quency of catastrophizing thoughts were significantly
predictive of children’s postoperative pain, affective dis-
tress, and physical recovery. Parental anxiety was posi-
tively related to child anxiety, and inversely related to
child self-efficacy and frequency of cognitive coping.

Coping style

In the cognitive–social model of health-information pro-
cessing, developed by Miller,20, 21 the style of information
processing where individuals typically cope with threat by
distracting themselves and avoiding threatening cues is
called ‘‘blunting.’’ Blunters should respond best to pain
management strategies such as distraction, which require
them to direct their attention away from the noxious event
or stimulus. In contrast, individuals who typically search

Child’s pain perception 

Parental factors 
• Ethnicity
• Gender
• Anxiety
• Expectancy
• Behavior

Acute pain source
Noxious stimulus 
(characteristics, duration)

Professional factors
• Technical competence
• Pharmacological

interventions
• Behavior
• Therapeutic relationship

Child characteristics
• Age and related 

developmental level
• Gender
• Genotype
• Ethnicity
• Temperament
• Anxiety sensitivity 
• Anxiety
• Coping style (e.g. 

monitoring vs
blunting)

• Cognitions (e.g
expectancies,
memories of previous 
painful experiences,
catastrophizing)

• Cognitive abilities

Child’s response
• Behavioral (verbal, nonverbal)

• Physiological

Context
• Why the pain is experienced (e.g.

sports injury vs cancer)
• Where the pain is experienced (e.g.

state of the art facility vs failing
hospital)

• Sociopolitical factors (peace vs
war time)

Figure 16.1 A model of acute pediatric pain.
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for and tune into threatening material and attend closely
to physical sensations, termed ‘‘monitors’’ by Miller and
colleagues,21 should do best with pain management stra-
tegies such as sensation monitoring, which allow them to
monitor or attend to the pain situation, while cognitively
reconceptualizing the noxious stimulation in an objective,
less affectively arousing manner.21, 22

Memory

Children’s memories of painful experiences can have
long-term consequences for their reaction to later painful
events and their acceptance of later healthcare interven-
tions.23 Chen and colleagues16 demonstrated that at any
given age, children with greater exaggeration in negative
memory of anxiety and pain, report higher distress during
a future lumbar puncture.

DEVELOPMENTAL CONSIDERATIONS

Children and adolescents experience the same amount of
pain as adults do for similar procedures and in many cases

even more. For example, in athletes scheduled for
arthroscopic anterior cruciate ligament reconstructive
surgery using the patella autograft procedure, adolescents
reported greater pain intensity, higher state anxiety, and
greater pain catastrophizing (particularly helplessness and
ruminations) than did adults.24

Children’s understanding of pain and its relief is
thought to follow Piagetian developmental stages (see
Table 16.1), therefore pain measurement and manage-
ment needs to be developmentally appropriate.27 For
example, in one study, children who received age-appro-
priate information about their upcoming medical proce-
dure displayed less overt distress than those receiving age-
advanced information.28[III]

ETHNIC AND CULTURAL CONSIDERATIONS

Cultural competence in treatment is critical to adapting
psychological treatment paradigms to clients from diverse
cultural, religious, and racial/ethnic groups. Different
cultural groups are likely to have varying norms regarding
many relevant issues, such as the role of the family, styles

Table 16.1 Developmental considerations in relation to psychological interventions for children’s pain.

Developmental
stage

Cognitive abilities Understanding of pain Psychological interventions

Preoperational (2–7

years)

Learns to use language and to

represent objects by images and

words

Pain is understood as an aversive

sensory experience

Children benefit from interventions

that are active, concrete, and

outward focused, e.g. simple

electronic toys that make animal

noises, recite a sentence, or play

a tune when the child touches

them may be effective

distractors26

Thinking is still egocentric: has

difficulty taking the viewpoint of

others

Children chose action over thought

strategies to deal with negative

emotions25

Classifies objects by a single

feature, e.g. groups together all

the red blocks regardless of

shape or all the square blocks

regardless of color

Concrete operational

(7–11 years)

Can think logically about objects and

events

Incomplete understating of the

psychosocial nature of pain

Use of a narrative rather than a

rationalistic paradigm is

preferable

Achieves conservation of number

(age 6 years), mass (age 7 years),

and weight (age 9 years)

Self-regulatory abilities are

developing

In a story, abstract concepts can

become concrete, and analogy

and metaphor can be used to

demonstrate reasoningClassifies objects according to

several features and can order

them in series along a single

dimension, such as size.

Limitations of domain-specific

knowledge, memory, and

motivation

Formal operational (11

years and over)

Can think logically about abstract

propositions and test hypotheses

systematically

Pain is understood as a psychosocial

experience

Children can benefit from verbally

based, abstract, and

introspective interventions, e.g.

reframing beliefs by realistically

appraising an aversive situation

and their ability to cope with it

Becomes concerned with the

hypothetical, the future, and

ideological problems

Has the ability for self-reflection

and perspective taking, and can

understand causality
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of coping with adverse life events, the cultural meaning
of pain, the meaning of certain adverse life events such
as illness, manners of trust and mistrust, stigma asso-
ciated with disease, and reliance on informal sources of
help and care.

Unfortunately, only a few studies have specifically
addressed cultural and ethnic issues in children’s pain.
Pfefferbaum and colleagues29 found a decrease in
observed and reported distress with increasing age in
children undergoing lumbar punctures or bone marrow
aspirations, regardless of ethnic groups. Hispanic parents,
however, reported significantly higher levels of anxiety
than did Ango-American parents. Jones and colleagues30

found few ethnic differences in parents’ desire to be
present during their child’s painful medical procedures
with most parents overall preferring to remain present
even for highly invasive procedures. Interestingly, ethnic
differences were established in the parents’ desire to have
the physician decide whether the parent should stay, with
black parents less likely to want the physician to decide
and English-speaking Hispanic parents more likely to
want the physician to decide.

MANAGEMENT

A basic principle of all clinical practice is that assessment
should precede the introduction of interventions. Pain
can be measured using self-report, behavioral observa-
tion,31 or physiologic measures, depending on the age of
the child and his or her communication capabilities.27, 32

Pain assessment is discussed in more detail elsewhere in
this volume (see Chapter 38, Pain assessment in children
in the Practice and Procedures volume of this series).
Accurate acute pain assessment requires consideration of
the plasticity and complexity of children’s pain perception
(see Figure 16.1), the influence of psychological and
developmental factors discussed above (see above under
Psychological influences on children’s acute pain), and the
appreciation of the potential severity and specific types of
pain experienced.7 There are at present no composite
measures of these key factors, and assessment of anxiety,
temperament, catastrophizing, and pain coping style are
all measured with different instruments, all demonstrat-
ing good reliability and validity.

Psychological interventions for acute pain include a
wide variety of physiological, behavioral, and cognitive
techniques aimed at reducing pain and pain-related dis-
tress through the modulation of thoughts, behaviors, and
sensory information.33 Over the past two decades, the
psychological management of children experiencing acute
pain and their parents has received much attention by
both the clinical and research communities. A large and
rich clinical treatment literature has developed, describing
interventions that are theoretically sound and have good
clinical utility. Many of these treatments have been used by
practitioners for some time, and are well accepted in the

field. Most important, there is now a growing research
literature testing the efficacy of these interventions with
pediatric populations. Pediatric procedures, particularly
needle procedures, have typically been used as a paradigm
through which acute pain interventions have been studied.
Though much research remains to be done, the efficacy
of at least some treatments is supported theoretically,
clinically, and empirically.

The approach to the management of acute pain varies
according to the origin of the pain and the estimated
intensity and duration of the expected pain. As a general
principle, a quiet environment, calm adults, and clear,
confident instructions increase the likelihood that the
specific psychological strategy selected will be effective.

PREPARATION

Preparation includes specific interventions to provide
information and reduce anxiety. Leventhal and Johnson,34

in their Self-Regulation Theory, propose that reactions to
threatening situations are influenced by cognitive factors;
therefore individuals should be able to consciously
influence the experience associated with such situations.
Providing three types of information is central to the Self-
Regulation Theory: information is provided about the
procedure itself (i.e. steps that children must perform and
steps that healthcare professionals will perform); the
sensations the patient can expect to feel (e.g. sharp
scratch, numbness); and about how to cope with the
procedure.

A meta-analysis of predominantly adult studies35[I]
involving different stressful medical procedures and var-
ious indicators of physical and psychological comfort
showed that a combination of procedural and sensory
preparation was significantly better than control on all
measures (negative affect, self-rated pain, other-rated
pain/distress). Effect sizes were larger for the combination
than either sensory or procedural information alone,
suggesting that this is the most powerful intervention.
Suls and Wan35 explain the effectiveness of such infor-
mation with their dual-process preparation hypothesis.
The procedural information specifies events on which
sensory information can be mapped; the sensory infor-
mation assures that the anticipation of the procedural
events is not interpreted in threatening terms.

For pediatric patients, research suggests that psycho-
logical preparation for surgery generally improves psy-
chological adjustment and the prepared patients require
less pain medication during recovery. When preparatory
information also includes instruction or training on
coping with postoperative pain, prepared patients require
significantly less analgesia than control patients.36[II], 37

In a recent study, more specifically concerning vene-
puncture in children, Kolk and colleagues38[II] found that
distress before and during venepuncture was significantly
reduced if parents themselves applied the anesthetic
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cream and read their child a simple story containing
information about the venepuncture procedure and the
sensations the child was likely to experience. However, a
recent meta-analysis39[I] of 28 trials with 1951 partici-
pants receiving various psychological interventions for
procedure-related pain management commented that
while there may be preliminary evidence to support the
efficacy of information/preparation there is not enough
evidence at this time to make strong conclusions.

A growing body of literature suggests that preparatory
interventions for stressful medical procedures are most
effective when they conform to the patient’s preferred way
of coping.40, 41, 42, 43, 44, 45 The literature examining indi-
vidual differences in information processing or coping
styles in response to pain management interventions has
been more limited. The few available studies have also
found that participants report less pain46 and less phy-
siological arousal during a painful procedure47 when the
content of the information provided in the intervention is
matched to their coping style. However, there is some
evidence that individuals react better to a distraction
strategy in the early stages of coping with pain, regardless
of their individual coping style, whereas the effectiveness
of sensation monitoring strategies may be more apparent
in chronic pain situations, during which sustained dis-
traction is less feasible.48, 49

Based on available evidence, psychological preparation
can improve acute pain management and postoperative
recovery. However, the type of preparation should be
matched to the child’s coping style and stage of the
procedure.

DISTRACTION

Attentional or cognitive strategies used to process infor-
mation presented by painful stimuli appear to modulate
(diminish or magnify) the salience of these events.50, 51

Attentional capacity during painful episodes may be
diverted away from pain and occupied by focusing
on information irrelevant to the noxious stimulus (see
Box 16.1 for examples of distraction techniques). Alter-
natively, attention can be focused away from noxious
stimulation by suppressing awareness of it. Suppression of
pain, like distraction, entails directing attention away
from a stimulus but, unlike distraction, does not involve
thinking about things other than pain. A number of
studies have examined distraction during painful proce-
dures with good results.52, 53, 54, 55, 56, 57, 58, 59, 60

Leventhal61 and Cioffi62 have argued that thinking
differently about pain may have longer-term effects than
not thinking about the pain at all, because thinking about
noxious events in a way that elaborates their benign
content may provide a template for evaluating the next
unpleasant event. Distraction may avoid making salient
the worst emotionally charged elements of pain, but it
does not provide a method of changing the meaning of

what is happening. This has been proposed to account for
some failures of distraction to provide analgesia,63 and
may also translate into relatively greater protection against
future painful events for those who focus on sensory
information during pain.61 Fanurik and colleagues64

found that children who were blunters in a matched
(distraction) condition showed an increase in pain toler-
ance relative to baseline, whereas monitors using sensation
monitoring showed no change from baseline.

Based on available evidence, distraction is effective
in procedure-, particularly needle-related pain manage-
ment.39[I]

RELAXATION

McCaffery and Beebe65 define relaxation as ‘‘a state of
relative freedom from both anxiety and skeletal muscle
tension, a quieting or calming of the mind and muscles.’’
This situation is characterized by decreased muscle tone,
lower heart and respiratory rates, normal blood pressure,
decreased skin resistance and intense, slow alpha-waves in
the brain.65, 66, 67 There are different types of relaxation
including tension-release,68 autogenic,69 and medita-
tion.70 Box 16.2 describes a simple relaxation exercise and
how it could be presented to a young patient.

The choice of relaxation technique depends on the
pain problem, the patient’s preferences and abilities,
availability of professional expertise, and available time.

Box 16.1 Distraction techniques

Mental exercises Count back from 1000 in 7s;
think of an animal beginning with each letter of
the alphabet in turn; remember your favorite
baseball game in detail; try to come up with some
of your own mental exercises.
Pleasant memories and fantasies Imagine vividly
concrete memories of a past experience (e.g. an
enjoyable holiday) and fantasies (what will you do
with the new bicycle that you get for Christmas?)
Counting thoughts Note the occurrence of any
thoughts that go through your mind (for example,
by marking a mark on a piece of paper) and put
them to one side rather than letting them
influence the way you feel. Note to the healthcare
professional: Counting thoughts is designed to
promote distance from negative thinking.
Focus on an object Focus your attention on an
object and describe it to yourself in as much detail
as possible, e.g. Where exactly is it? How big is it?
What is it made of? Exactly how many of them are
there? What is it for? Alternatively, describe your
wider surroundings (e.g. room you’re in).
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Patterson71 points out that progressive muscle relaxation
generally requires lengthy and frequent training before the
technique is sufficiently mastered. Certain patient popu-
lations, burned children for example, are often too
exhausted and ill to invest the time or have the discipline
required to learn these techniques. Taal72 expresses fur-
ther objections to this technique because the muscles
must be tensed before they can be relaxed. Muscle tension
in burned parts of the body can further increase pain
during wound care. In other words, even a simple tech-
nique, such as progressive muscle relaxation, can be
inappropriate for specific patient populations. More
benefit for these patients can be expected from the use of
alternative techniques, such as meditation or autogenic
relaxation.71, 72

Although approximately 43–58 percent of pediatric
hospitals in the USA use relaxation across a variety of
acute pain situations,73 uncertainty exists in the pediatric
pain literature regarding the efficacy of relaxation as a sole
analgesic in acute pain management. This is also reflected
in the adult pain literature (see Chapter 15, Psychological
therapies – adults). Based on available evidence, the effi-
cacy of relaxation as a sole technique for acute pain
management is limited. However, it may be useful in
combination with other psychological and pharmacologic
interventions.

BREATHING TECHNIQUES

Simple breathing relaxation techniques are particularly
useful in pain management, are easy and quick to learn,

can be employed immediately by the patient, and involve
no risk.74 However, even though breathing techniques are
widely used in practice and form part of many relaxation
interventions and multicomponent cognitive behavioral
treatment programs, the individual effect of breathing
exercises on acute pain has not been investigated. A recent
literature review of 11 studies74[V] using breathing exer-
cises in the management of acute pain in general, and
procedural pain in adult burn patients in particular,
found insufficient evidence to establish the efficacy of
breathing exercises in adult patients.

Box 16.3 describes a simple breathing exercise and how
it could be presented to a young patient. Generally, given
the lack of empirical evidence, the choice of a breathing
technique, the moment to teach it, and how to coach the
patient depend on the experience, background, and
clinical judgment of the health professional. There is a
lack of evidence of the effectiveness of breathing techni-
ques as a single intervention in acute pain management.

Box 16.2 Relaxation techniques

1. Choose a quiet place where you won’t be
interrupted.

2. Before you start, do a few gentle stretching
exercises to relieve muscular tension.

3. Make yourself comfortable, either sitting or
lying down.

4. Start to breathe slowly and deeply, in a calm
and effortless way.

5. Gently tense, then relax, each part of your
body, starting with your feet and working your
way up to your face and head.

6. As you focus on each area, think of warmth,
heaviness, and relaxation.

7. Push any distracting thoughts to the back of
your mind; imagine them floating away.

8. Stay like this for about 20 minutes, then take
some deep breaths and open your eyes, but
stay sitting or lying for a few moments before
you get up.

Box 16.3 Diaphragmatic breathing
techniques

Learning to breathe from your diaphragm is a skill
you were born with and have most probably lost.
Babies naturally breathe from their diaphragms,
and so do you when you are asleep. Diaphragmatic
breathing may take some practice to relearn and
once you have the skill again you can reduce the
tension in your body rapidly by breathing this way
for 5 minutes. To perform this exercise while
sitting in a chair:

1. Sit comfortably, with your knees bent and your
shoulders, head, and neck relaxed.

2. Place one hand on your upper chest and the
other just below your rib cage. This will allow
you to feel your diaphragm move as you
breathe.

3. Tighten your stomach muscles, letting them fall
inward as you exhale through pursed lips. The
hand on your upper chest must remain as still
as possible.

You may notice an increased effort will be needed
to use the diaphragm correctly. At first, you’ll
probably get tired while doing this exercise. Keep
at it, because with continued practice,
diaphragmatic breathing will become easy and
automatic.

At first, practice this exercise 5–10 minutes
about three or four times per day. Gradually
increase the amount of time you spend doing this
exercise, and perhaps even increase the effort of
the exercise by placing a book on your abdomen.
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HYPNOSIS

Hypnosis is a psychological state of heightened awareness
and focused attention, in which critical faculties are
reduced and susceptibility and receptiveness to ideas is
greatly enhanced. Hypnosis is usually introduced to the
patient as a suggestion for an imaginative experience.
Hypnotic induction procedures traditionally involve
suggestions to relax, although relaxation is not necessary
for hypnosis, particularly with children who respond
better to more active inductions. During hypnosis, the
healthcare professional makes suggestions for changes in
subjective experience, alterations in perception, sensation,
emotion, thought, or behavior (see Box 16.4 for examples
of hypnotic inductions and suggestions).75, 76

Children have blurred boundaries between fantasy and
reality which makes them particularly good candidates for
hypnotic interventions. They are open to new experiences
and find hypnosis interesting. The therapist guides the
individual to concentrate and observe the suggested
images as they are forming, and this promotes a feeling of
being active and creative in the therapeutic process. Such
an approach results in a kind of ‘‘playful’’ engagement
between the therapist and the child as she imagines and
awaits the images and emotions that emerge during a
given exercise.77 Unlike adults, children usually move and
talk during hypnosis without this meaning that they are
resisting the intervention. Young patients can also easily
be taught and learn self-hypnosis.78

Hypnotic suggestions for analgesia are usually targeted
towards both the sensory and affective dimensions of
pain. Rainville and colleagues79 pointed to the critical role
that the nature of the hypnotic suggestion plays in pain
management. Specifically, in a functional magnetic reso-
nance imaging (fMRI) study suggestions for sensory
reductions of pain resulted in decreased activity in the

somatosensory cortex, and suggestions for affective pain
reduction led to decreased activity in the arterior cingu-
late cortex (ACC), a part of the brain that processes
emotion and suffering-related information.

Theoretical conceptualizations of hypnosis have been
fiercely debated in the past and range from the ones that
maintain that hypnosis represents a cognitive process
distinct from normal day-to-day cognitive processes (i.e.
the neodissociative80 or dissociated control views81) to the
social–cognitive models that suggest that the operative
variables in hypnosis include contextual cues in the social
environment, patient and subject expectancies, demand
characteristics of the setting or situation, and role
enactment.82 The neodissociative model regards hypnosis
as a state in which one or more forms of consciousness is
split off from the rest of mental processing. Bowers and
colleagues maintained that subsystems of control in the
brain can be activated directly rather than through higher
level executive control. In other words, the strategies
subjects used to reduce pain were evoked automatically
without any type of conscious strategy.83, 84 According to
the social–cognitive models, on the other hand, neither
hypnotic induction nor the existence of an altered state of
consciousness are necessary for hypnotic responding,
including responses to suggestions for pain relief.85

Hypnotic analgesia is thought to reduce pain instead
through cognitive–behavioral mechanisms, in which
changes in cognitions are thought to alter the affective
states associated with pain.85 This conceptualization is
consistent with the evidence that cognitive–behavioral
interventions reduce both acute86[V], 87[I] and chronic
clinical pain.88[I] More recent theorists have suggested
that attempting to explain the effects of hypnosis solely in
terms of one school of thought presents distinctions that
are too arbitrary.82, 89 See Chapter 15, Psychological
therapies – adults, for further evaluation of hypnosis in
adult patients.

The findings from acute studies demonstrate consistent
clinical effects with hypnotic analgesia that are superior to
attention or standard care control conditions.87[I], 90

Hypnosis has achieved status as an empirically validated,
possibly efficacious intervention in the management of
pediatric procedure-related pain,91 according to the criteria
devised by the American Psychological Association to
judge the efficacy of psychological interventions.92 All
studies conducted to date93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103

[II] found hypnosis effective in reducing the pain and
anxiety of young patients during painful medical proce-
dures, such as lumbar punctures, bone marrow aspirations,
and voiding cystourethrography.

Limited support is available in the pediatric literature
that hypnosis significantly lowers postoperative pain and
anxiety ratings and contributes to shorter hospital stays.
Lambert104[II] randomly assigned 52 children (matched
for sex, age, and diagnosis) to an experimental or control
group. Significantly lower postoperative pain ratings and
shorter hospital stays occurred for children in the

Box 16.4 Hypnotic techniques

Simple induction technique Just think about how
you feel when you are building a Lego house at
home; just let yourself feel that way now.
Topical anesthesia Just imagine painting numbing
medicine on to that part of your body.
Moving pain away from the self Imagine for a
while that that arm (or other body part) doesn’t
belong to you, isn’t part of you y see it just
floating out there by itself.
Directing attention to pain itself Imagine that
you have come from another planet far deep in the
universe where there is no pain y you have never
experienced pain before y notice the discomfort
very carefully y what sensations you have y
how does it make you feel y
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experimental group. State anxiety was decreased for the
hypnosis group and increased postoperatively for the
control group. This is in contrast to the adult literature in
which a meta-analysis of 38 randomized controlled trials
of different methods of psychological preparation prior to
surgery reported that hypnosis did not reduce pain
intensity or medication use.105 [I]

Individual responsiveness to hypnotic suggestions
varies. Four out of five studies93, 98, 100, 101, 102 that have
examined the relationship between the child’s hypnotiz-
ability and pain relief during painful medical procedures
reported a significant positive relationship between hyp-
notizability and clinical benefit following hypnosis
treatment.

Based on available evidence, there is strong support for
the efficacy of hypnosis in procedure-related pain man-
agement and a recent meta-analysis concluded that hyp-
nosis is the most promising psychological intervention.39

GUIDED IMAGERY

Guided imagery is a self-regulatory technique that capi-
talizes on young patients’ active imagination. Activities
such as role-playing, pretending, and daydreaming are
natural elements of children’s play. Guided imagery was
developed and refined by Roberto Assagioli106 and
involves paying attention to cognitively generated mental
images. The child uses his or her imagination to create
mental images, using as many senses as possible, to alter
the pain experience. Naparstek107 describes guided ima-
gery as ‘‘a gentle but powerful technique that focuses and
directs the imagination.’’ She maintains that it is more
than visualization (and since only approximately 55 per-
cent of people are able to visualize strongly, this is worth
bearing in mind); rather it involves all the senses. Napar-
stek107 further elaborates that the body recognizes all
sensory images as real, whether fact or fantasy. Research
using positron emission tomography (PET) and fMRI
methodologies108 suggests that the neuronal processes
underlying perception are also used in imagery ‘‘and can
engage mechanisms used in memory, emotion and motor
control’’ (p. 635). Furthermore, these researchers main-
tain, ‘‘there is much evidence that imagery of emotional
events activates the autonomic nervous system and the
amygdala. That is, visualizing an object has much the same
effects on the body as actually seeing the object’’ (p. 641).

During a guided imagery session, a state of deep
relaxation is usually induced using a relaxation technique
which allows the child to then be guided in actively
creating images that facilitate resolution of symptoms,
such as pain. Imagery themes that may enhance safety
include soothing environments (beach scenes, warmth of
the sun, familiar places where the individual has felt safe),
the construction of a protective structure, or the inclusion
of a trusted individual. Two types of imagery can be
incorporated in imagery exercises: directive, in which the

image is specifically described (‘‘imagine being on a
school trip’’) and nondirective, in which less specific
description allows for the formation of more personalized
and spontaneous imagery (‘‘imagine being outdoors’’;
‘‘find some special place’’) (see Box 16.5 for suggestions
of guided imagery exercises). Some children experience
difficulty with a nondirective suggestion and prefer the
more direct approach. Images range from the concrete,
such as objects or people, to the more abstract, such as a
color or metaphor.

A number of factors may influence success with guided
imagery, including imaging ability (the ability to create
vivid mental images and to experience those images as if
they were almost real) and outcome expectancy (an
individual’s expectation regarding the effects of a parti-
cular intervention on pain). Although related, guided
imagery differs from hypnosis in that the child, through
imagery, attempts to create his own solution to the pro-
blem rather than the therapist offering suggestions and
alternatives for change.

The evidence for the efficacy of guided imagery in
acute pain management is limited. A recent randomized
controlled trial109[II] investigated imagery administered
pre- and postoperatively, as a supplement to routine
analgesics, for reduction of pain and anxiety after

Box 16.5 Guided imagery techniques

Direct

Imagine your pain has a certain size, shape, and
color yWhat does it feel like? Is it rough or
smooth? Does it stay in one place or move
around?y Allow the pain to melt and turn to a
liquid the same size, shape, and color as beforey
let the liquid flow down to your arm or leg and let
it flow out of your fingertips or toes. Watch it as it
flows out of the room, out of the hospital, down
the street.

Indirect

Ask the child to close their eyes, take several deep
breaths, and relax. Introduce the exercise by giving
them some background on the situation they will
be visualizing. Encourage them to make use of all
their senses as they imagine – sight, sound,
physical sensations, and emotions. Suggest an
image to children one sentence at a time, and
pause for several seconds after each sentence to
allow them time to process what you are saying
and to visualize the picture. As images occur
spontaneously, direct the child’s attention by
asking questions, e.g. ‘‘How do you feel here?’’,
‘‘When you observe this image, what feelings come
forward?’’

316 ] PART II MANAGEMENT – TECHNIQUES



tonsillectomy and adenoidectomy in the ambulatory
setting and at home in 73 children aged 7–12 years. After
controlling for trait anxiety (i.e. personality-related
anxiety) and for opioid and nonopioid analgesic intake
one to four hours before pain measurement, the investi-
gators found significantly lower self-reported pain and
situation-related anxiety one to four hours after surgery
in the imagery group, but not 22–27 hours after surgery.

Based on available evidence, there is strong theoretical
support on guided imagery and one clinical trial
suggesting efficacy for acute pain management.

COMBINED COGNITIVE AND BEHAVIORAL
INTERVENTIONS

The most widely practiced and researched interventions
in acute pain management are cognitive and behavioral.
Cognitive behavioral interventions are based on the pre-
mise that symptoms develop and are maintained, at least
in part, by maladaptive cognitions, as well as conditioned
and learned behavioral responses.110 Emphasis is given to
the interdependence of thoughts, behaviors, feelings, as
well as physiological responses. For the purpose of this
review, cognitive interventions are defined as interven-
tions which involve identifying and altering negative
thinking styles related to anxiety about the painful
situation, and replacing them with more positive beliefs
and attitudes, leading to more adaptive behavior and
coping styles.111 Behavioral interventions are defined as
interventions based on principles of behavioral science, as
well as learning principles by targeting specific beha-
viors.111 For pain management, cognitive and behavioral
techniques are aimed at assisting the child develop and
apply coping skills in order to manage the pain and dis-
tress, and when developmentally appropriate, to help the
child comprehend how thoughts and behaviors can alter
their experience of pain.112 The treatment also focuses on
conditioned emotional associations to memories and
reminders of traumatic medical experiences, distorted
cognitions about the event(s), and negative attributions
about self, others, and the world. Treatment plans are
based on comprehensive assessments and are individually
tailored to address the patients’ specific needs. The
rationale for the use of cognitive and behavioral techni-
ques is fully explained to young patients and their parents
so that they can be active participants in developing and
applying interventions in session, at home, and at the
clinic. Parents are included in the treatment process to
enhance support for the child, reduce parental distress,
and teach appropriate strategies to manage child reac-
tions. Cognitive–behavioral interventions are popular
because the emphasis is goal directed, short term, teach-
ing coping skills, promoting self-control, and enhancing
self-efficacy.113 Box 16.6 describes some of the commonly
used cognitive–behavioral interventions in the manage-
ment of acute pain in children.

Cognitive and behavioral interventions may modulate
pain, altering pain transmission and pain perception, by
distracting attention from the pain stimulus, producing
relaxation, or influencing mood or emotional context.114

The evaluation of the current literature regarding the effi-
cacy of combined interventions is complicated by the range
of techniques that are combined in different permutations
and the lack of clear specifications of therapeutic activity
and integrity checks. Distraction, relaxation training, ima-
gery, breathing exercises, desensitization, preparation,
modeling,115 rehearsal, reinforcement, making positive
coping statements, and coaching a child to engage in such
strategies are all examples of some of the interventions that
are frequently used to help decrease pain and distress in
children and are included in multicomponent cognitive–
behavioral programs.16 A number of studies37, 100, 116, 117, 118

have tested the efficacy of these programs for procedure-
related pain with good results. A recent meta-analysis39[I]
for needle procedures concluded that taken together the
evidence for these interventions shows that they are not
effective in reducing self-reported pain, observer-reported
pain, self-reported distress, or heart rate. However, com-
bined cognitive and behavioral interventions are effective at
reducing other reported distress and behavioral measures
of distress. Similarly, in children undergoing a voiding
cystourethrogram,119[II] it was found that children who
received a cognitive–behavioral intervention displayed
fewer distress behaviors and greater coping behaviors, and

Box 16.6 Cognitive–behavioral therapy
interventions

Reframing

Reframing involves helping the child to modify or
restructure how they perceive their difficulties, and
the context in which they take place, in a different
way. Aims to modify or restructure a child’s view
or perception of pain.

Modeling and rehearsal

Live or videotaped demonstration by another child
of coping strategies relevant to the situation that
the young patient is in.

Thought stopping

When the child begins to think about the painful
experience refuses to allow negative thoughts to
continue and gain strength by some positive and
defined action (e.g. visualize a STOP sign in your
mind’s eye; saying ‘‘stop’’ out loud).

Positive self-statements

‘‘I’ve had this procedure before and I coped
successfully.’’
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were rated as more cooperative than children receiving
standard care. However, children’s fear and pain ratings
did not differ significantly between groups. Research
also supports the efficacy of memory modification via
suggestive post-event interviews. An intervention that
targeted children’s memories of their most recent lumbar
puncture reduced anticipatory physiological and self-
report distress ratings relative to a control group at post-
intervention.120[II]

Cognitive and behavioral interventions, tested with
younger children (2–12 years) undergoing minor surgery
indicate that strategies such as relaxation,121[V] role
play,122[IV], 123[II] film modeling,124[II] and training in
coping skills125[II] are effective for reducing preopera-
tive fear, anxiety, and distress. In older adolescents,
LaMontagne and colleagues126[II] conducted a rando-
mized controlled trial with adolescents undergoing major
orthopedic surgery, exploring the efficacy of a videotaped
intervention (information only, coping only, information
plus coping, or control). It was found that information
plus coping was most effective for reducing postoperative
anxiety in adolescents with high preoperative anxiety.
Coping instruction led to less postoperative anxiety and
pain for adolescents aged 13 years and younger. The
control group reported the highest levels of pain. Recently,
Kain and colleagues127[II] found that the family-centered
preoperative ADVANCE preparation program (family-
centered behavioral preparation) is effective in the
reduction of preoperative anxiety and improvement in
postoperative outcomes (exhibited a lower incidence of
emergence delirium after surgery, required significantly
less analgesia in the recovery room, and were discharged
from the recovery room earlier). In a review of psycho-
social interventions for pain in sickle cell disease, cogni-
tive–behavioral techniques were considered as ‘‘probably
efficacious’’ for sickle cell pain.128[I]

Based on the available evidence, combined cognitive
and behavioral interventions in children undergoing
needle procedures reduce other reported distress and
behavioral measures of distress. Some combinations of
cognitive and behavioral interventions, but not all, reduce
self-reported pain and distress. There is also good evi-
dence for the efficacy of combined interventions designed
to prepare children and adolescents for surgery.

PARENTAL INVOLVEMENT IN ACUTE PAIN
MANAGEMENT

Theoretical models emphasize the role of parenting in the
development, maintenance, and amelioration of child
anxiety.129, 130, 131, 132, 133 Some models129, 131, 132 hypothe-
size that when parents are highly controlling in contexts
when it is developmentally appropriate for children to act
independently (e.g. attending elementary school), chil-
dren may experience decreased self-efficacy, and thus,
increased anxiety,134 for example, about their ability to

function on their own within their environments. Con-
versely, some models129 have hypothesized that parental
encouragement of children’s autonomy and independence
(e.g. in novel contexts) may augment children’s percep-
tions of mastery over the environment, leading to anxiety
reduction.

In the pediatric pain literature, a number of studies
point to the role that parents play in shaping their child’s
pain perception and response. Frank and colleagues135

found that during immunization, maternal behavior
accounted for 53 percent of the variance in child distress
behavior. Certain parental behaviors are associated with
child coping and others with child distress when children
undergo painful medical procedures. Parenting behaviors,
such as agitation, provision of reassurance, empathic
comments, giving control, excessive explanations and
apologies to their children, have been shown to be asso-
ciated with (and indeed precede) elevated distress and
increased pain intensity during medical procedures136, 137,
138 and experimentally induced pain.139 Humor, com-
mands to use coping strategies, and nonprocedural talk
are associated with increases in a child’s coping. There is
experimental evidence that maternal modeling of pain
behaviors can result in elevated pain perception in their
children and particularly their daughters.140 Dahlquist
and colleagues141 demonstrated the influence of speech
function on pain distress. Their results showed that vague
commands by caregivers were positively associated with
child distress during painful procedures. Liossi and col-
leagues142 showed that parental expectancies are highly
predictive of experienced pain in children undergoing
lumbar punctures. Taken together these results lend
support to the theoretical models that emphasize the
importance of parental control and behavior in the
development, maintenance, and/or amelioration of pain
reactions, but the results do not clarify the direction of
effects or the specific process involved. These remain
important questions for future research. It is possible that
when parents fail to provide children with the opportu-
nity to experience control in age-appropriate contexts,
children may not develop a sense of self-efficacy, thereby
increasing their sense of vulnerability to threat and
heightened anxiety.

Children’s pain while in hospital is one of the foremost
concerns of parents and they can potentially contribute to
more effective pain management for their children.143

Parent involvement in pain management has resulted in
parents acting as helpful agents in treating children’s pain
problems, while enhancing the parents’ feelings of use-
fulness and competency in the process. At home, parents
are expected to manage children’s pain, but are often
given inadequate instruction at discharge and no follow-
up support.144 Postoperative pain is a significant post-
hospital behavior problem at four weeks and has been
shown to adversely affect children’s attitudes towards
doctors and nurses.144 Parents who have been educated
regarding expected child posthospital behavior problems
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and who have been given instructions on how they can
assist in the care of their children have reported less
negative mood states, less depression, and fewer negative
outcomes in their children.145

Parents are often anxious not only about their child’s
distress but also about their own ability to support
and comfort their child through a painful experience.
Thus, parents need to be included in interventions and
helped to control their own anxiety which in turn will
ensure less anxiety being communicated to the child.
Simple educational leaflets can give useful information
and more extensive training programs can teach parents
what to do.146

CONCLUSIONS

Psychological factors play an important role in shaping
pain perception in children and comprehensive assessment
of the psychological factors that shape pain perception is
imperative to maximize the success of pain management
interventions. Psychological interventions are useful for
the management of acute pediatric pain, although evi-
dence for their efficacy varies depending on type of pain.
For procedure-related pain, particularly needle proce-
dures, distraction, hypnosis, and cognitive–behavior
therapy are evidence-based interventions. For post-
operative pain, preparation, guided imagery, and cogniti-
ve–behavior therapy are promising. For acute pain due to
illness or injury, cognitive–behavior therapy is promising.
How parents feel and what they think and do influences
their child’s pain perception and response. Parents need to
be included in pain management interventions.

Children with acute pain require proactive psychologi-
cal treatment approaches aiming to reduce current pain,
prevent pain in the future, and reduce risk for subsequent
physical or psychological morbidity. In recent years, a wide
range of behavioral and cognitive techniques have been
found to be efficacious for helping children to cope with
acute pain. However, although a number of strategies are
promising, there have been relatively few attempts to
customize treatments on the basis of patient character-
istics. Rather, patients tend to be treated with a one size fits
all approach, which may actually undermine their natural
coping style and artificially underestimate the apparent
efficacy of a particular pain management strategy.147
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KEY LEARNING POINTS

� Patient education is critical in improving postoperative

pain management as it reduces anxiety, allows realistic

expectation, and improves patient satisfaction.
� Preventative analgesia, particularly with nonopioids (e.g.

nonsteroidal anti-inflammatory drugs (NSAIDs),

paracetamol, and local anesthetics), reduces

intraoperative and postoperative opioid requirements,

and potentially lower opioid-related side effects as well

as improves postoperative pain relief.
� Multimodal analgesia regimens improve pain relief, and

reduce opioid requirements and opioid-related side

effects.
� Opioids should be used sparingly as opioid-related side

effects delay recovery and return to daily living.

� Regional analgesia techniques, particularly perineural

infusion of local anesthetic, reduce intraoperative

anesthetic and analgesic requirements, provide for a

rapid and smooth recovery, and facilitate early

mobilization and discharge.
� Nonsteroidal anti-inflammatory drugs (nonselective

NSAIDs or COX-2 selective inhibitors) should be used if

there are no contraindications.
� Incorporation of evidence-based procedure specific pain

management guidelines into clinical pathways may

improve postoperative pain management and surgical

outcome.

INTRODUCTION

It is estimated that ambulatory surgery constitutes 60–65
percent of all surgical procedures performed in the United
States. With increases in the surgical workload,1 the
practice of ambulatory surgery is expected to expand
further. Our ability to provide adequate postoperative

pain relief is one of the major determinants for per-
forming a surgical procedure on an outpatient basis.
Therefore, with more extensive and potentially more
painful surgical procedures being performed on an out-
patient basis, there is an increased need for prolonged
dynamic postoperative pain relief,2, 3 particularly after
discharge home.4



The adverse pathophysiological and psychological
consequences of unrelieved pain are well recognized:5

� increased postanesthesia care unit (PACU) stay;
� increased phase II unit stay;
� delayed discharge home;
� unanticipated hospital admission;
� increased contact with family practitioner;
� delayed return to daily living function;
� decreased patient satisfaction.

Uncontrolled pain may be associated with a prolonged
PACU stay, delayed discharge from an ambulatory facility,
and unanticipated hospital admission.6, 7, 8 Inadequate
postoperative pain control was also the most frequent
reason for patients to contact their family practitioner
after discharge from hospital.9 In addition, unrelieved
pain may also delay return to normal daily activities after
outpatient surgery.10, 11 Furthermore, recent data suggest
that inadequately treated acute pain can become chronic,
leading to persistent postoperative pain.5, 12 Importantly,
the presence of postoperative symptoms, including pain,
contributes to patient dissatisfaction with their surgical
experience.13 Therefore, it is imperative that postoperative
pain be managed appropriately and aggressively. In spite
of emphasis on provision of adequate analgesia, treatment
of postoperative pain continues to be a major challenge
with numerous studies indicating that postoperative pain
is not always adequately treated.14, 15

One of the important reasons for suboptimal pain
management is inadequate or improper application of
available analgesic therapies, which may partly be due to
the significant amount of new and conflicting informa-
tion that is being increasingly made available. Evidence-
based guidelines may be used to guide clinical practice
and improve patient care.16, 17, 18 However, one of the
major limitations of these pain management guidelines is
that they are derived from multiple surgical procedures
with different pain characteristics (e.g. location, intensity,
type, and duration) and different consequences of
inadequate pain relief.19 In addition, the risks and benefits
of different analgesic techniques differ between surgical
procedures. Also, some analgesic techniques are applic-
able to specific surgical procedures (e.g. intra-articular
and intraperitoneal techniques for joint surgery and
abdominal surgery, respectively).

Some pain guidelines use the number needed to treat
(NNT) values (i.e. number of patients that achieve at least
a 50 percent pain relief as compared to placebo)18 to
determine the choice of analgesic. However, the NNT
values are derived from a variety of surgical procedures
and the efficacy of an analgesic may vary depending upon
the type of surgical procedure. For example, paracetamol
(acetaminophen) is less effective in relieving pain after
orthopedic procedures than after dental procedures (i.e.
NNT 1.87 versus 3.77, respectively).20 Furthermore, effi-
cacy of combinations of analgesics varies significantly

between surgical procedures. For example, the combina-
tion of paracetamol and NSAIDs provided improved
analgesic efficacy after mild-to-moderate surgical proce-
dures, but its benefits were smaller for more extensive
surgical procedures.21 In addition, the clinical relevance of
a 50 percent decrease in pain (i.e. definition of NNT) may
be different with an initial pain score of 80 on a 100-point
visual analog scale (VAS) as compared to an initial score
of 30. Therefore, it is clear that NNTmay not necessarily
be valid in all types of surgery, as well as all intensities of
pain.20

PROCEDURE-SPECIFIC PAIN MANAGEMENT

The limitations of conventional pain management
guidelines suggest that pain guidelines should be specific
for surgical procedures.19, 22 To date, there are two
initiatives that provide procedure-specific postoperative
pain guidelines, one from the United States Veterans
Administration (VA), the Department of Defence, and the
University of Iowa (www.oqp.med.va.gov/cpg/cpg.htm)23

and the other from the Procedure-specific Postoperative
Pain Management (PROSPECT) group (www.pos-
toppain.org).22 The VA procedure-specific guidelines have
been constructed based upon a systematic review of the
literature in a variety of procedures and interpreted by a
consensus group to provide the guidelines for overall
recommendations for specific analgesic interventions.

The PROSPECT group is a collaboration of interna-
tional anesthesiologists and surgeons that provides evi-
dence-based recommendations derived from systematic
reviews of the literature (using the Cochrane Collabora-
tion of randomized controlled trials of analgesic, anes-
thetic, and surgical interventions affecting postoperative
pain) for the specific type of surgery.24 In addition, these
procedure-specific systematic reviews are supplemented
with evidence from other similar surgical procedures (i.e.
transferable evidence) and clinical practice information
(i.e. practical guidelines from the PROSPECT Working
Group).25 The recommendations available online
(www.postoppain.org) are arranged into pre-, intra-, and
postoperative sections, which are presented as folders in
the ‘‘tree’’ structure. Within the folders, evidence and
clinical practice are presented as arguments for and
against an analgesic, anesthetic, or operative technique,
together with links to abstracts. The detailed information
allows the readers to make their own decisions based on
their practice.26, 27

PREOPERATIVE CONSIDERATIONS

Planning for postoperative pain management should
begin in the preoperative period.28 Often patients com-
plain that they did not receive any information on the
degree of expected pain and the plan to control pain.29, 30
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Patient education regarding the degree of pain that they
might expect, the pain assessment tools, and the mod-
alities of pain treatment that might be utilized, should
reduce their anxiety and fear of unrelieved pain. Reduced
patient anxiety may reduce the incidence of postoperative
pain.31[III] In addition, patients have to be made aware of
the importance of communicating their analgesic needs.
Furthermore, it is important that the general practi-
tioners/family physicians/primary care physicians are
adequately educated regarding the management of pain
after discharge home.32

TIMING OF ANALGESIC ADMINISTRATION
(PREEMPTIVE OR PREVENTATIVE ANALGESIA
TECHNIQUES)

Tissue injury from surgical procedure produces altera-
tions in the chemical profile and structure, as well as
function, of neurons, which may increase the sensitivity
to pain.33, 34 Peripheral sensitization of nociceptors and
subsequent barrage of nerve impulses entering the spinal
cord results in hyperexcitability in dorsal horn neurons
and central sensitization leading to reduced pain thresh-
old and amplification of the pain response.33, 34 Pre-
emptive analgesia (i.e. analgesic intervention before
noxious stimuli) attempts to reduce peripheral and cen-
tral sensitization, and prevent the consequent amplifica-
tion and prolongation of pain. Although preemptive
analgesia has been overwhelmingly demonstrated in ani-
mal studies,33, 34 clinical studies have provided conflicting
results.35, 36, 37, 38, 39 The lack of benefit of preemptive
analgesia may be due to deficiencies in the study designs.
Most clinical trials used single analgesic dose (pre-
operative versus postoperative administration) and/or
had a short duration of analgesic treatment. In addition,
most studies have evaluated unimodal analgesia techni-
ques (e.g. local anesthesia alone or NSAIDs alone) rather
than multimodal analgesia techniques.40 An optimal
preemptive analgesic technique would prevent the estab-
lishment of neural sensitization caused by incisional and
inflammatory injuries; it would begin prior to the surgical
injury and continue until the inflammation is resolved.

Until clinical studies confirm the benefits of preemptive
analgesia, it is crucial to prevent pain on emergence from
anesthesia (may be called ‘‘preventative analgesia’’).
Therefore, the timing of analgesic administration still
remains critical. Analgesics should be administered such
that the peak effects occur prior to emergence from
anesthesia. Because ambulatory surgical procedures often
tend to be of short duration, it is better to administer
the analgesic as early as possible and preferably pre-
operatively.40 Preventative analgesia, particularly with
nonopioids (e.g. NSAIDs, paracetamol, and local anes-
thetics), should reduce intraoperative and postoperative
opioid requirements, and potentially lower opioid-related
side effects, as well as improve postoperative pain relief.

For more detail on preemptive and preventive analgesia,
see Chapter 9, Preventive analgesia and beyond: current
status, evidence, and future directions.

MULTIMODAL ANALGESIA TECHNIQUES

With advances in our understanding of the pathophy-
siology of postoperative pain, it is now clear that pain is a
complex phenomenon and several mechanisms play a role
in pain perception.33, 34[I] Because pain is multifactorial,
its management requires a multimodal therapy.40, 41, 42

Therefore, it is recommended that a combination of
several analgesics that have different mechanisms of
action be utilized whenever possible.40, 41, 42 Although it is
generally accepted that multimodal analgesia regimens
improve pain relief and reduce opioid requirements and
opioid-related side effects, this has not resulted in
improved postoperative outcome.40 Furthermore, several
studies reporting reduced opioid requirements have not
been able to demonstrate a reduction in opioid-related
side effects.40, 41, 42 Although the reasons for the lack of
benefits are not yet clear, it may be due to inappropriate
(or irrational) combinations of analgesics or techniques.
Also, benefits of multimodal analgesia techniques may
only be realized if they are integrated with a multimodal
postoperative rehabilitation program.40

An ideal analgesic technique after ambulatory surgery
should be effective, intrinsically safe with minimal side
effects, and be easily managed outside the hospital. The
analgesic modalities commonly used for postoperative
pain management include opioids, local analgesic tech-
niques, paracetamol, and cyclooxygenase (COX) enzyme
inhibitors such as NSAIDs or COX-2-selective inhibitors.
Recently, there has been increased interest in using
analgesic adjuncts such as N-methyl-D-aspartate (NMDA)
receptor antagonists (e.g. ketamine and dex-
tromethorphan), alpha-2 agonists (e.g. clonidine and
dexmedetomidine), corticosteroids, and anticonvulsants
(e.g. gabapentin and pregabalin) (Table 17.1).

Opioids

Opioids are highly efficacious analgesics particularly suited
for moderate-to-severe pain and still remain the mainstay
for perioperative analgesia. Chung et al.6 found that
patients receiving smaller intraoperative doses of fentanyl
on a mg/kg basis, and those undergoing longer operations
had a higher incidence of severe pain in the PACU. This
suggests that adequate intraoperative opioid administra-
tion is necessary. However, the role of opioids in ambu-
latory surgery remains controversial.43, 44 Recent data
suggest that clinically relevant tolerance to opioids can
occur within hours of their intraoperative use,45, 46 which
may reduce their postoperative analgesic efficacy. Fur-
thermore, opioids cause a dose-dependent increase in
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adverse effects including nausea, vomiting, sedation, diz-
ziness, bladder dysfunction, and constipation, all of which
may contribute to a delayed recovery.47, 48, 49, 50, 51, 52[II]
Interestingly, the increased use of perioperative opioids
after the emphasis on adequate pain relief (i.e. ‘‘pain as the
fifth vital sign’’) by the Joint Commission for Accreditation
of Healthcare Organizations (JCAHO) in the United
States53 has been reported to increase postoperative
opioid-related side effects.54 However, others found that
reduced opioid requirements did not reduce opioid-related
side effects.55, 56 The lack of reduction in opioid-related
side effects may have resulted from the studies having
inadequate study design and smaller sample sizes. Never-
theless, opioids should be used sparingly and non-
opioid analgesic techniques should be used whenever
possible.44[II]

Local analgesic techniques

Local anesthetic techniques are simple and provide
excellent dynamic pain relief, as well as reduce opioid
requirements, which may reduce opioid-related side
effects.57, 58 In addition, if used intraoperatively, these
techniques decrease the intraoperative anesthetic and
analgesic requirements, provide for a rapid and smooth
recovery, and facilitate early mobilization and dis-
charge.59, 60, 61, 62[I] A wide variety of local anesthetic
techniques can be used to provide intra- and post-
operative pain relief (Table 17.2). Although the potential
benefits of local anesthetic techniques have been well
recognized, these techniques have been underutilized.

Wound infiltration and topical application of
local anesthetics

Infiltration of the surgical wound with local anesthetic
can provide excellent analgesia that outlasts the duration

of action of the local anesthetic.26, 27, 63 Interestingly, a
systematic review of published literature found that
except for inguinal hernia repair surgery, there was a lack
of evidence for analgesic efficacy of a single incisional
local anesthetic injection.64 Overall, wound infiltration
with long-acting local anesthetics reduces wound pain
and is therefore recommended for routine use.26, 27[I]
Although it has been suggested that infiltration of local
anesthetic subfascially or injection at the level of the
parietal peritoneum provides more effective pain relief
compared with subcutaneous infiltration,65 the evidence
is limited and therefore cannot be recommended at this
time. Similar to wound infiltration, instillation or aerosol
application of local anesthetics in the surgical wound has
also been found to provide analgesia and reduce post-
operative opioid requirements;66 however, the evidence is

Table 17.2 Local anesthetic techniques.

Local anesthetic techniques Specific blocks

Wound infiltration

Field block Ilioinguinal/iliohypogastric

nerves

Upper extremity blocks Intravenous regional block

Brachial plexus block

Wrist block

Digital block

Lower extremity blocks Lumbar plexus block

Femoral nerve block

Sciatic nerve block

Popliteal nerve block

Ankle block

Paravertebral block

Intracavity local anesthetic

administration

Intra-articular

administration

Intraperitoneal

administration

Table 17.1 Analgesic options for ambulatory surgery.

Analgesic options

Paracetamol

Nonsteroidal anti-inflammatory drugs or cyclooxygenase specific inhibitors

Local/regional anesthetic techniques

Opioids

Tramadol

Analgesic adjuncts NMDA receptor antagonists Ketamine

Dextromethrophan

Alpha-2 receptor agonists Clonidine

Dexmedetomidine

Steroids

Anticonvulsants Gabapentin

Pregabalin
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limited and therefore this use is not recommended.
Despite its limitations, local anesthetic infiltration of the
surgical wound is beneficial and should be performed
whenever possible.26, 27, 67[II]

Intra-articular analgesia

Intra-articular administration of long-acting local anes-
thetics in patients undergoing joint surgery has been
shown to improve pain relief, reduce opioid require-
ments, and facilitate early recovery and mobilization.68[I]
A systematic review of intra-articular local anesthesia for
pain relief after arthroscopic knee surgery found that
although the pain relief was small-to-moderate and of
short duration, it may be of clinical significance in the
ambulatory setting.68 One of the concerns with this
technique is systemic absorption of local anesthetic
leading to systemic adverse events.69 However, the plasma
bupivacaine concentrations after intra-articular instilla-
tion of 25–40mL of bupivacaine 0.5 percent have been
reported to be within a safe range.70

The demonstration of an increased number of opioid
receptors on peripheral nerve terminals in the inflam-
matory models has led to the concept of peripheral opioid
analgesia.71 Peripheral administration of smaller doses of
morphine (1–5mg) has been reported to provide effective
postoperative pain relief.72, 73, 74 Quantitative systematic
reviews of published studies found that a single injection
of intra-articular morphine (morphine glucuronide) had
mild analgesic effects for up to 24 hours, and the analgesic
effect was best evident when the pain intensity was
moderate to severe.73, 74[I] With reports of benefits of
local anesthetics as well as morphine, the combination of
intra-articular bupivacaine and morphine is increasingly
used, even in patients undergoing painful joint proce-
dures (e.g. joint replacement surgery).75, 76[II]

Many investigators have used an arthroscopic model to
evaluate the peripheral analgesic properties of nonopioid
analgesics (e.g. ketorolac, clonidine, steroids, neostigmine
bromide). Because NSAIDs reduce prostaglandin levels at
the peripheral nerve sites, they should provide analgesia
when injected intra-articularly. Intra-articular adminis-
tration of ketorolac 60mg with bupivacaine 0.25 percent
provided significant analgesia after knee arthroscopy.77

However, one of the concerns with the use of intra-
articular NSAIDs is the possibility of reduction in chon-
drocyte biosynthesis and cartilage destruction. Similarly,
steroids have also been administered intra-articularly to
reduce surgically induced inflammation and improve
postoperative pain relief.78 Intra-articular clonidine in
combination with local anesthetics has also been reported
to provide effective pain relief.79 Recent experimental
studies suggest that the cholinergic mediated neuropath-
ways can modulate pain transmission.80 Neostigmine, an
anticholinergic drug, can cause hyperpolarization of
neurons, reduction in the release of pronociceptive

neurotransmitters, and/or activation of the nitric oxide-
cyclic guanosine monophosphate pathway and, thereby,
might provide antinociception by elevating endogenous
levels of acetylcholine.80 Intra-articular administration of
neostigmine 500 mg has been reported to reduce pain
scores and time to rescue analgesics.81 However, the
overall benefits of adding ketorolac, steroids, clonidine, or
neostigmine to intra-articular injection of local anesthetic
and morphine remains controversial and is not recom-
mended at this time.82

Intraperitoneal instillation of local anesthetics

Another simple and effective method of reducing the
intensity of postlaparoscopic pain is intraperitoneal
instillation of long-acting local anesthetic drugs.26, 27, 67[I]
However, high volumes of more dilute concentrations of
local anesthetics may not provide significant pain relief.27

This would suggest that both the timing and concentra-
tion of the local anesthetic are important in achieving
effective pain relief with this technique. Significant pain
relief after laparoscopic cholecystectomy was observed
when 15–20mL of bupivacaine 0.5 percent with or
without epinephrine (adrenaline) was administered into
the hepatodiaphragmatic space, near and above the
hepatoduodenal ligament and above the gallbladder or
gallbladder bed.26, 27 A recent systematic review of pub-
lished literature found that intraperitoneal local anes-
thetic administration provided effective postoperative
pain relief.67[I] Although adverse effects from bupiva-
caine 150–200mg with or without epinephrine are rare,
caution was recommended.67

Peripheral nerve blocks and field blocks

It is well accepted that field blocks or peripheral nerve
blocks are highly effective in reducing anesthetic and
analgesic requirements in day surgery.57, 58, 59, 60, 61, 62[II]
Because orthopedic surgical procedures have been shown
to be associated with significant postoperative pain,6 the
utilization of peripheral nerve blocks for these procedures
without general anesthesia may be highly beneficial in
reducing the need for hospitalization, allowing early
ambulation and return to daily activities.59, 60, 61, 62[II]

However, one of the major limitations of single
injections of local anesthetic is the short duration of
analgesia.83 Because it is difficult to anticipate the degree
of pain at the time of discharge in patients who have
received single-shot local anesthetic injection, there might
be higher pain after discharge.83 In addition, the abrupt
termination of the analgesic effect may lead to an
increased perception of pain after recovery from the
neural blockade.62 Therefore, the overall benefits of sin-
gle-shot local anesthetic techniques may be similar to
those after general anesthesia.83

Chapter 17 Postoperative pain management following day surgery ] 331



Continuous local anesthetic infusion in wound
and perineural space

The duration of analgesia can be increased by infusion of
local anesthetics through a catheter placed in the layers
of the skin or in the perineural space.84, 85, 86, 87, 88, 89, 90,
91, 92, 93 Elastometric balloon pumps or portable
mechanical infusion pumps allow self-administration of
local anesthetic solution (i.e. patient-controlled regional
analgesia) at home. Infusion in the surgical wound with
long-acting local anesthetic is an easy and effective
analgesic technique for superficial surgical procedures,
breast surgery (e.g. breast augmentation or reduction),
relatively minor shoulder surgery, and minor abdominal
surgery.57, 67[II]

The efficacy of continuous perineural (brachial plexus,
lumbar plexus, femoral, sciatic, and popliteal nerve)
infusion is well documented for ambulatory surgery.84, 85,
86, 87, 88, 89, 90, 91, 92[II] Recent studies have evaluated their
use in this setting.84, 85, 86, 87, 88, 89, 90, 91, 92 This has
enabled prompt discharge with excellent pain control and
few side effects after painful and complex procedures. In
addition, this technique diminishes breakthrough pain
that patients can experience following resolution of a
single-injection block. Other benefits of these techniques
include reduced sleep disturbances and preserved cogni-
tive function. Perineural local anesthetic infusion may
allow more vigorous postoperative physical therapy.
Furthermore, the use of continuous infusion techniques
should allow more extensive and painful surgical
procedures to be performed on an ambulatory surgical
basis.84, 85, 86, 87, 88, 89, 90, 91, 92

Recently, Ilfeld et al.90 reported that the use of con-
tinous interscalene nerve block decreases the time to
discharge home after total shoulder arthroplasty, a pro-
cedure that is otherwise performed on an inpatient basis.
Similarly, Capadevila et al.91 reported that continuous
perineural local anesthetic infusion with patient-con-
trolled administration in patients undergoing ambulatory
orthopedic procedures improved pain relief and opti-
mized functional recovery. Because of the ease of per-
formance and its safety, femoral nerve block remains one
of the most commonly performed lower extremity per-
ipheral nerve blocks. It can provide excellent pain relief
after knee procedures, but preserves hip flexion. The
sciatic nerve block can also be used for knee and hip
procedures, however, the majority of studies have used
the sciatic nerve as an adjunct to femoral or lumbar
plexus blocks. Combined femoral and sciatic nerve blocks
have been shown to reduce pain and opioid requirements
after anterior cruciate liagament surgery performed on an
ambulatory surgical basis.92 Recently, paravertebral blocks
have been utilized as they provide similar benefits as
epidural analgesia but without its potential adverse effects
(Table 17.3).87 In contrast to epidural infusion, patients
with a continuous local anesthetic infusion through a
paravertebral catheter can be discharged home.

Perineural local anesthetic infusion is generally well
tolerated by day surgery patients.93 Although there is a risk
of catheter migration and potential local anesthetic toxi-
city, this risk is minimal.89 Other concerns include patient
injury related to the insensate extremity, particularly after
discharge home, as well as masking of surgery-related
nerve injury and compartment syndrome.89 In addition,
there is also a concern of increased potential for surgical
wound infection due to the presence of a catheter; how-
ever, a large series of peripheral local anesthetic infusions
has not reported an increased incidence of infection.89

Most importantly, appropriate patient selection, education,
and follow up are crucial with continuous catheter
techniques in an unmonitored environment.

Nevertheless, there is clearly a need for refinement of
peripheral nerve block techniques and development of
more effective methods for continuous administration
after discharge (i.e. less bulky infusion devices and
improved technology to reduce failure). The use of
ultrasound to guide catheter placement may reduce fail-
ure rate as well as some of the complications associated
with these regional techniques.94 Further studies are
necessary to clarify the clinical significance of the timing
of local anesthetic blockade, as well as the dose and
volume of local anesthetics.

It is now recognized that the inflammatory responses
to injury (e.g. increase in cytokines) are not modified by
neural blockade. Peripheral sensitization induces COX-2
expression in the central nervous system (CNS) through
neuronal activity arising from the sensory fibers inner-
vating the inflamed tissue (this can be blocked using local
anesthetic technique) and a humoral response through a
signal molecule (probably pro-inflammatory cytokines
IL-6) that enters the circulation, crosses the blood–brain
barrier, and elevates IL-1b (this can be blocked by a COX-
2 inhibitor).34 Therefore, the combination of COX-2
inhibitors (i.e. NSAIDs and COX-2 selective inhibitors)
with local/regional analgesia may be a more appropriate
regimen to improve postoperative pain relief.95[II]

Paracetamol

Paracetamol is generally recognized as a safe and effective
drug with a favorable side effect profile,96, 97, 98[I] and is a

Table 17.3 Indications of paravertebral blocks.

Indications

Breast surgery

Mastectomy

Breast augmentation/reduction

Abdominal wall herniorrhaphy

Minilaparotomy

Laparoscopic Nissen’s fundoplication

Orthopedic surgery Shoulder/elbow surgery

Iliac crest bone grafting
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widely used over-the-counter analgesic and antipyretic
drug. Although the mechanism of action of paracetamol
is poorly understood, it is thought to act by inhibition of
COX-3 isoenzyme and subsequent reduced prostanoid
release in the CNS.99, 100 Paracetamol is devoid of some of
the side effects of nonselective (traditional) NSAIDs, such
as gastrointestinal ulceration and hemorrhage, cardior-
enal adverse effects, and impaired platelet aggregation.96

Furthermore, unlike nonselective NSAIDs and COX-2
selective inhibitors, paracetamol does not appear to have
clinically significant effects on bone and ligament heal-
ing.2 Although it is generally considered safe, paracetamol
is associated with liver toxicity,101 particularly in patients
with compromised hepatic function, severe alcoholism,
cirrhosis, or hepatitis. In addition, recent data suggest
that higher doses of paracetamol may also have gastro-
intestinal and cardiovascular adverse effects similar to
nonselective NSAIDs.102, 103 Importantly, patients should
be warned that commonly used opioid combinations may
contain paracetamol. Furthermore, paracetamol displays
an analgesic ceiling effect similar to nonselective NSAIDs
and COX-2 selective inhibitors.104 Of note, paracetamol
has weak anti-inflammatory activity and may not block
the inflammatory pain response. Of note, paracetamol
has a weak anti-inflammatory action and may not block
the inflammatory pain response. It is a weak analgesic,
and as the sole agent may not provide adequate pain
relief. However, it may be combined with other analgesics
to provide superior pain relief and reduce opioid
requirements.21, 105, 106

The availability of an injectable form of paracetamol
(and prodrug, propacetamol) has expanded the knowl-
edge of the pharmacodynamics of paracetamol in terms of
the relationship between plasma level, peak concentra-
tions, and clinical efficacy. Compared with oral for-
mulations, parenteral paracetamol has a predictable onset
and duration of action.107 Intravenous paracetamol 1 g
possesses a similar analgesic efficacy to 2 g of the prodrug
of paracetamol, propacetamol. The initial dose of inject-
able paracetamol can be given intraoperatively followed
by oral administration after discharge home.

NSAIDs and COX-2-selective inhibitors

With improved understanding of pain mechanisms, and
the realization that tissue injury and subsequent inflam-
mation causes the induction of COX-2 expression both at
the peripheral and the central nervous system sites,
leading to peripheral and central sensitization,34 as well as
the widespread acceptance of the concept of multimodal
analgesia,40 anti-inflammatory drugs have been increas-
ingly used in the management of perioperative pain.100,
108, 109, 110 There is no evidence that a particular route of
NSAID administration (e.g. intravenous versus oral) is
superior for perioperative use,109[I] because oral avail-
ability of most NSAIDs is high. However, bioavailability

after rectal administration is low.109 Therefore, NSAIDs
should preferably be administered orally if patients can
swallow and the choice of NSAID would depend upon the
duration of analgesia, the propensity for side effects, and
cost. Of note, NSAIDs exhibit a ‘‘ceiling effect’’ with
respect to their maximum analgesic effect,111 and they
have weaker analgesic properties than opioids or local
anesthetic techniques.

Despite numerous benefits, nonselective NSAIDs are not
routinely used perioperatively,6, 7 probably because of
concerns regarding their potential adverse effects such as
impaired coagulation (and increased perioperative bleed-
ing), gastric irritation, renal dysfunction, and cardiovas-
cular complications (Table 17.4). Overall, NSAIDs appear
to be safe and well tolerated in patients undergoing
ambulatory surgery. Nevertheless, NSAIDs should be used
with caution in patients with preexisting coagulation
defects or those undergoing certain surgical procedures
(e.g. tonsillectomy and plastic surgery).112, 113 Similarly,
these drugs are best avoided in patients with pre-existing
renal dysfunction, hypovolemia, sepsis, or end-stage cir-
rhosis of the liver.114, 115 Although the gastrointestinal
adverse effects of short-term use of nonselective NSAIDs
appears to be safe,112, 116 they should be used with caution
in patients at high risk of gastrointestinal complications.
Finally, NSAIDs should be used with caution in the elderly
and in patients at high cardiac risk.117

The COX-2-selective inhibitors were developed to tar-
get the COX-2 enzyme while sparing the COX-1 enzyme,
avoiding the COX-1-related adverse effects of nonselective
NSAIDs (e.g. gastrointestinal and platelet dysfunction). Of
note, the COX-2-selective inhibitors have similar analgesic
efficacy as nonselective NSAIDs, and exhibit a ‘‘ceiling
effect’’ with respect to their maximum analgesic effect.
It is suggested that the COX-2-selective inhibitors may
have an advantage over nonselective NSAIDs because
they do not affect platelet function and reduce the risk of
gastrointestinal complications, and may be safely admi-
nistered preoperatively.118, 119, 120, 121 In addition, the
COX-2-selective inhibitors do not appear to inhibit bone
healing.122

Table 17.4 Adverse effects of nonselective nonsteroidal anti-

inflammatory drugs.

Adverse effects

Gastrointestinal Dyspepsia

Diarrhea

Peptic ulcer and hemorrhage

Renal Acute renal failure

Decreased renal blood flow

Decreased glomerular filtration

Hemostatic Inhibition of platelet aggregation

Increased bleeding time

Immunological Anaphylaxis, aspirin-induced asthma

Chapter 17 Postoperative pain management following day surgery ] 333



Parecoxib, a prodrug of valdecoxib, is the first inject-
able COX-2 selective inhibitor approved in Europe and
Australia for short-term (less than ten days) treatment of
moderate-to-severe postoperative pain. It is currently
undergoing phase III clinical trials for approval by the
United States Food and Drug Administration.123, 124, 125

Numerous studies have reported on the analgesic and
opioid-sparing efficacy of parecoxib.118 In addition, some
studies have reported opioid-related side effects and
superior quality of postoperative recovery as well as a
faster return to normal activity and greater patient satis-
faction.123, 124, 125[II]

Recently, there have been increasing concerns that
anti-inflammatory drugs have cardiovascular adverse
effects. Published meta-analysis of randomized trials and
systematic reviews of observational trials of long-term use
of anti-inflammatory drugs have reported that there is a
significant risk of cardiovascular events with rofecoxib,
but celecoxib in commonly used doses (o200mg/day)
may not increase the risk.126, 127, 128[I] In addition, there
may be increased risks with nonselective NSAIDs.126, 127

With respect to short-term use, a large study in patients
undergoing major surgical procedures did not find an
increased incidence of cardiovascular adverse events with
short-term use of parecoxib and valdecoxib.125 A post-hoc
pooled analysis of cardiovascular safety data from all
randomized, placebo-controlled parecoxib studies in
major surgery (n= 19), which included two coronary
artery bypass grafting studies and 17 noncardiac surgery
studies, was performed to achieve the greatest statistical
power.129 The data indicated that the incidence of cardio-
vascular adverse events after short-term use of parecoxib
20–80mg (0.44 percent) were similar to that with placebo
(0.37 percent). However, none of the studies conducted so
far were specifically designed to examine the cardiovas-
cular outcomes and patients included in the noncardiac
studies had a low cardiovascular risk. Therefore, further
study is required to determine the safety cardiovascular
profile in patients with high cardiovascular risk. In the
meantime, anti-inflammatory drugs should be avoided in
patients at high cardiac risk (e.g. previous myocardial
infarction, unstable angina, congestive heart failure, and
known or suspected atherosclerotic disease). The Food
and Drug Administration of the United States has
imposed a ‘‘boxed warning’’ of increased cardiovascular
risks with both nonselective NSAIDs and COX-2 selective
inhibitors.

Alpha-2 receptor agonists

Alpha-2 receptor agonists (e.g. clonidine and dexmede-
tomidine) have hypnotic, sedative, sympatholytic, and
analgesic properties via central actions in the locus cer-
uleus and in the dorsal horn of the spinal cord.130, 131

They improve analgesia and reduce opioid requirements;
however, they are limited by their side effects including

bradycardia, hypotension, and excessive sedation. Never-
theless, the addition of clonidine to the local anesthetic
solution for peripheral nerve blocks has been reported to
enhance and prolong analgesia.57[II]

Dexmedetomidine is a more selective alpha-2 agonist
with a shorter duration of action. Because it provides
analgesia without respiratory depression, it may be bene-
ficial in patients at risk of postoperative respiratory
depression and airway obstruction (e.g. morbid obesity,
obstructive sleep apnea, and airway abnormalities). One
of the limitations of dexmedetomidine is that a short
duration of action may lead to increased pain after dis-
continuation of the infusion unless other longer-acting
analgesics are administered. The role of dexmedetomidine
in the ambulatory setting is as yet unclear.

Glucocorticoids

Because perioperative pain is primarily an inflammatory
phenomenon,34 anti-inflammatory drugs such as steroids
may play a role in pain management. Although the
mechanisms of analgesic effects of steroids are as yet
unclear, their anti-inflammatory properties and inhibi-
tion of prostaglandin and leukotriene production may
play some role.132 Several studies have reported analgesic
effects of a single doses of steroid administered intrao-
peratively.132, 133, 134, 135 Concerns of perioperative ster-
oids include increased infection rate, gastrointestinal side
effects, and delayed wound healing.132 However, single
doses of steroids have not been found to cause any sig-
nificant adverse effects. Of note, the studies have been
small and have not included patients at risk. In addition
to analgesic properties, steroids also have antiemetic
properties that could be highly beneficial in the ambula-
tory setting.134[II]

NMDA receptor antagonists

Because NMDA receptors have been implicated in the
development of central sensitization,34, 136), NMDA
antagonists (i.e. ketamine and dextromethorphan) have
been used to provide postoperative analgesia.137, 138,
139, 140 Low doses of ketamine have been shown to reduce
opioid requirements, prolong opioid analgesia, and
improve pain relief.136, 137, 138, 139, 140 However, routine
use of ketamine, in the outpatient setting, remains con-
troversial because of the potential adverse effects (e.g.
hemodynamic and psychomimetic effects). Dex-
tromethorphan, a popular antitussive ingredient, is an
isomer of the codeine analog levorphanol.141, 142 Because
it is available in both intravenous and oral formulation, it
can be used to maintain NMDA receptor blockade after
discharge home.141, 142 Although intravenous dex-
tromethorphan has been shown to be beneficial,141, 142[I]
the efficacy of the oral formation remains controversial.
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Further research is necessary to determine the appropriate
dose, timing, and duration of administration of NMDA
antagonists, as well as the benefits of their combination
with other analgesics.

Anticonvulsants

Gabapentin and pregabalin are anticonvulsants with
analgesic properties and have been widely used for the
treatment of neuropathic pain. Their mechanism of
analgesic action is through the modulation of the pre-
synaptic alpha-2 delta subunits of the calcium channels in
the spinal cord and brain.143 Recent studies have eval-
uated the efficacy of these drugs in the management of
postoperative pain.144, 145, 146, 147 Gabapentin 1200mg
administered prior to radical mastectomy was found to
reduce movement-related pain and opioid require-
ments.145 Another study evaluating the analgesic effects of
gabapentin 1200mg and mexiletine 600mg after breast
surgery for cancer found that both gabapentin and
mexiletine equally reduced analgesic requirements at rest;
however, gabapentin was more effective in reducing pain
after movement.146 A recent systematic review evaluating
the perioperative use of gabapentin and pregabalin con-
cluded that these drugs might have beneficial analgesic
properties in the perioperative period.147 However, all the
studies have had a small sample size and have a short
duration of follow up. Therefore, larger studies of longer
duration are required before routine use of gabapentin or
pregabalin can be recommended for postoperative pain
management.

PAIN CONTROL IN THE EARLY POSTOPERATIVE
PERIOD

Pain relief in the immediate postoperative period is cri-
tical to facilitate discharge home. With increased
emphasis on the sparing use of opioids in the intrao-
perative period,44 patients may arrive in PACU in pain if
nonopioids are not administered at appropriate times
prior to emergence.6 Patients complaining of pain in the
recovery room may receive parenteral and/or oral
analgesics, depending upon the severity of pain. The rapid
recovery associated with the availability of short-acting
anesthetic drugs and the use of prophylactic antiemetics
makes it possible for patients to tolerate oral medications
in the early postoperative period. Oral analgesics (opioid
and/or nonopioid) may be used in the early recovery
period if the patient is in mild-to-moderate pain and is
not experiencing nausea or vomiting.

Patients not tolerating oral analgesics could receive
intravenous NSAIDs, if there are no contraindications.
However, it may be necessary to use opioids if the pain is
severe or if NSAIDs are not adequate. The choice of
parenteral opioid could be short acting (e.g. fentanyl) or

longer acting (e.g. morphine). Fentanyl has a faster onset,
and its use may provide more effective pain control in the
early postoperative period. On the other hand, morphine
provides a longer duration of analgesia, but its slower
onset may result in the administration of extra doses and
thereby increase side effects (e.g. sedation, nausea, and
vomiting). It is generally believed that morphine should
not be used in ambulatory surgery patients because of the
concerns of increased postoperative nausea and vomiting.
However, the use of fentanyl in the PACU might lead to
recurrence of pain in the phase II unit, and delayed dis-
charge home and increase the need for hospitalization,
particularly if oral analgesics are not administered or are
not tolerated.

Claxton et al.148 compared the analgesic efficacy and
the incidence of opioid-related side effects of equipotent
doses of morphine (1–2mg) and fentanyl (12.5–25 mg)
repeated every five minutes. These authors found that
morphine and fentanyl in equipotent doses were com-
parable in treating postoperative pain in the PACU.
However, these regimens did not provide rapid analgesia,
as it took over 20 minutes to achieve a significant decrease
in baseline pain scores. Morphine provided more sus-
tained analgesia than fentanyl, but it was associated with a
higher incidence of nausea and vomiting after discharge
home.148 On the other hand, patients receiving fentanyl
required additional oral analgesia during the second
phase of recovery. Therefore, these authors suggested that
if fentanyl is used to provide analgesia in the PACU, oral
analgesics should be administered as supplements to
provide more prolonged pain relief. If oral analgesics are
not administered, morphine may be a better choice. Of
note, local anesthetic techniques should be considered an
option and utilized in the immediate postoperative
period if oral or parenteral analgesics do not provide
adequate pain relief.

PAIN CONTROL AFTER DISCHARGE HOME

Patients undergoing day-case procedures require an
analgesic technique that is effective, devoid of side effects,
intrinsically safe, and easily managed at home. With more
extensive and painful surgical procedures being per-
formed on an outpatient basis, pain management after
discharge is increasingly becoming more challenging.
After discharge home, oral paracetamol, NSAIDs or
opioids (e.g. codeine, oxycodone, and hydrocodone),
either alone or in combination, are frequently used to
provide postoperative pain relief. Regular dosing with
analgesic medications provides superior analgesia as this
prevents the pain from becoming severe and decreases the
incidence of breakthrough pain.

Moderate-to-severe pain not responding to nonopioid
analgesics should be treated with a combination of
paracetamol or NSAIDs and opioids, which may prove
more effective than either drug alone. A quantitative

Chapter 17 Postoperative pain management following day surgery ] 335



systematic review of randomized controlled trials evalu-
ating the analgesic efficacy of paracetamol administered
either alone or in combination with codeine found that
paracetamol is an effective analgesic, and that the addi-
tion of codeine 60mg produces worthwhile additional
pain relief, even in single doses.149 Controlled-release
preparations of oxycodone have been reported to provide
superior analgesia, because they allow greater con-
venience, improve patient compliance, and provide
uninterrupted nighttime sleep.150, 151 However, con-
trolled-release preparations should never be used on an
‘‘as needed’’ basis because it may take as long as four
hours to attain peak analgesia. The slow onset of analgesia
also makes it difficult to titrate to the degree of pain.

Tramadol, a synthetic, centrally acting analgesic, is a
weak opioid agonist, with selectivity for the m-receptor,
and a weak inhibitor of the reuptake of norepinephrine
and serotonin.152 Unlike other opioids, tramadol does not
have clinically significant respiratory effects. In many
countries, tramadol is not a controlled substance because
it has low abuse and addiction potential. The adult dose
of tramadol is 50–100mg every four to six hours with a
maximum of 400mg per day. The availability of con-
trolled-release tramadol makes it an attractive alternative
to controlled-release oxycodone. Although it is generally
well tolerated, side effects include nausea, vomiting, diz-
ziness, and drowsiness. Tramadol has a potential to cause
seizures, and it should therefore be used with caution in
patients with increased intracranial pressures and in
patients receiving neuroleptic drugs. It is also contra-
indicated in patients receiving monoamine oxidase
inhibitors.

Sometimes patients are reluctant to use analgesics, and
consider them as a last resort. Therefore, it is necessary to
educate patients that it is preferable not to allow pain to
become severe, as it is easier to ‘‘control’’ pain if it is
treated at an early stage. Patients should also be informed
about nonpharmacologic ways of alleviating post-
operative pain, such as the application of ice, elevation of
the operated extremity, and wearing loose-fitting
clothing.

SURGICAL CONSIDERATIONS

Several studies have found that the type of surgical pro-
cedure is a significant predictor of severity of post-
operative pain.6, 14 Certain procedures (e.g. orthopedic
and urologic procedures) produce more pain than other
surgical procedures.6, 14 The surgical technique may also
affect the degree of postoperative pain. Minimally inva-
sive surgical techniques are associated with smaller inci-
sions, which may reduce tissue trauma and decrease
postoperative pain. Nevertheless, the pain after laparo-
scopic procedures can sometimes be severe and may last
for several days.26, 27 The type of pain after laparoscopic
procedures is primarily visceral in origin (versus somatic

pain after open surgery). Higher insufflation pressures
should be avoided, as they can significantly increase the
severity of postoperative pain.153 Subphrenic and
shoulder pain after laparoscopic procedures appears to
arise from diaphragmatic and phrenic nerve irritation due
to insufflated carbon dioxide. This pain tends to be
aggravated by ambulation and may persist for several days
after surgery.

Pain after laparoscopic tubal ligation is usually more
severe than that after diagnostic laparoscopy. The deep
pelvic pain after tubal ligation might be due to tubal
spasm following their occlusion or due to uterine con-
tractions resulting from prostaglandin release secondary
to tubal trauma and ischemia. Administration of an
antispasmodic drugs (e.g. glycopyrronium bromide (gly-
copyrrolate) 0.3mg, i.v.) at induction of anesthesia sig-
nificantly reduced pain scores in the immediate
postoperative period, decreased the requirements for
analgesics, and improved the quality of recovery after day-
case laparoscopic sterilization.154 Also, sequential avulsion
of the long saphenous vein reduces postoperative pain, as
compared to stripping.155 Similarly, tension-free hernia
repair using a laparoscopic technique or a mesh-plug is
less painful.156, 157 It has been suggested that infection of
hemorrhoidectomy wounds may influence postoperative
pain and analgesic requirement through inflammatory
swelling and edema.158 Administration of metronidazole
in ambulatory surgery patients undergoing hemor-
rhoidectomy has been shown to decrease the degree of
pain, increase patient satisfaction, and allow for an earlier
return to work.159

FUTURE DEVELOPMENTS

With a better understanding of pain mechanisms it may
be possible to develop novel drugs with long-lasting,
peripheral analgesic effects, and negligible adverse
effects.34 The availability of longer-acting, slow-release
preparations, which incorporate local anesthetics or
opioids into liposomes (or microspheres), can extend the
duration of action and enhance the efficacy of local
anesthetic techniques.160, 161, 162 Novel delivery systems
that are less invasive and provide continuous delivery
preventing analgesic gaps (i.e. breakthrough pain) have
been investigated. Intranasal analgesics (e.g. intranasal
ketorolac and nicotine) are being evaluated.163 Patient-
controlled analgesia systems that deliver small doses of
fentanyl (40 mg) every ten minutes by iontophoresis has
been shown to provide pain relief similar to a standard
intravenous morphine PCA regimen.164, 165 Although this
transdermal system is not currently approved for non-
inpatient use, it may be used as an adjunct with non-
opioids for the control of moderate-to-severe pain. Future
analgesic techniques may also include use of bradykinin
and substance-P antagonists and leukotriene synthesis
blockers used as a part of balanced analgesia regimens.
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SUMMARY

The management of pain after ambulatory surgery poses
some unique challenges for the practitioner. The goal of
pain management should be to minimize pain not only at
rest, but also during mobilization and physical therapy.
Local anesthetic techniques, preferably perineural infu-
sion, should be utilized whenever possible because they
allow a more rapid recovery and discharge. In addition,
local anesthetic techniques provide pain relief until the
onset of oral analgesics. Whenever possible, local anes-
thetic techniques may be combined with NSAIDs initi-
ated prior to surgery and continued until tissue
inflammation is resolved. Furthermore, it is imperative
that these analgesics are administered on a regular
‘‘round-the-clock’’ basis with, opioids used as ‘‘rescue’’
analgesics or ‘‘as needed’’ basis. The role of alpha-2-
adrenergic agonists (e.g. clonidine and dexmedetomi-
dine), NMDA receptor antagonists (e.g. ketamine), and
anticonvulsants (e.g. gabapentin and pregabalin) in the
day surgery setting needs to be clarified by further
investigation, which also focuses on patient outcome and
cost-effective related issues.

An important reason for suboptimal pain management
is inadequate or improper application of available infor-
mation. The procedure-specific guidelines that are
incorporated into clinical pathways for specific surgical
procedures may improve postoperative pain management
and surgical outcome. It is also necessary to improve the
instructions given to the patients and their families
regarding the treatment of pain after discharge. Finally, it
is important to integrate the analgesic therapy into the
surgical care as a continuum from the preoperative period
through the convalescence period, which will require close
cooperation between the anesthesiologists and surgeons.
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KEY LEARNING POINTS

� There are many barriers to adequate pain assessment in

the intensive care unit (ICU).
� The implementation of formalized pain assessment and

management can significantly improve patient

outcomes.
� Sedatives and analgesics are complementary, but not

interchangable.
� Current evidence suggests that sedatives are easily

over-dosed, and analgesics are frequently under-dosed.

� Dose adjustments of analgesics and sedatives are

necessary in moderate to severe organ failure.
� Continuous renal replacement therapy may not clear

drugs or metabolites that are normally cleared by

intermittent hemodialysis.
� ICU practitioners should talk reassuringly to their

patients whenever possible during emergency

procedures, as lack of awareness is not

guaranteed.

The greatest improvement to our clinical care is likely
to be found by applying and refining existing
knowledge of current treatments before searching for
new frontiers or discoveries.

Dr J Bonica1

INTRODUCTION

Intensive care units (ICUs) are constantly evolving. Tech-
nological advances in equipment have completely changed
the manner in which business is done, making possible
that which was previously unthinkable. Only ten years ago,
pain management in the ICU consisted of little more than
a syringe of a benzodiazepine and opioid mixture, infused

rapidly enough to keep the patient tolerant of the
ventilator. In the modern ICU, not all patients are venti-
lated, not everyone who is ventilated is intubated, and
those who are intubated are connected to ventilators that
can almost read their thoughts. The relative needs for
sedation and analgesia have changed dramatically. Daily
interruption of sedation and analgesia has been shown to
reduce the duration of mechanical ventilation and the
incidence of nosocomial respiratory infections, shortening
ICU admission, and improving overall survival.2[II],
3[II], 4[III] On the other hand, it has been consistently
demonstrated that approximately 60 percent of ICU sur-
vivors recall experiences of moderate to severe pain
during their admission,5[III], 6[III], 7[III], 8, 9[III], 10

prompting a call to make pain the ‘‘fifth vital sign.’’11 The
message – patients generally need less sedation and more
analgesia.



The complete abolition of all pain in ICU is basically
unrealistic, but this is not an excuse to be complacent
about pain that can be avoided.5, 7, 8, 9, 12, 13 Patient comfort
is ranked second only to prognosis in the concerns of
family members visiting the ICU, yet formal training of
clinicians in the use of sedation and analgesia is generally
given lower priority than most other aspects of ICU care.14,
15[V], 16, 17, 18 Analgesia prescription is often relegated to
unit ‘‘routine,’’ in the same manner as gastric protection,
thromboembolism prophylaxis, and nutrition, in a ‘‘one-
style-suits-all’’ fashion. Although simple protocols for
analgesics are one way of ensuring that the needs of the
majority are promptly attended, it may be necessary to
deviate from the algorithm on occasions. With new ther-
apeutic alternatives becoming available, the development
and use of more comprehensive protocols has merit, but
any protocol needs to be applied and used appropriately.19,
20, 21[II] ICU therapies require a team to function cohe-
sively for effective delivery, including discretionary
adjustments according to individual patient needs, but
failure to comply at any level of the hierarchy of care may
jeopardize the end result. It can be difficult to keep the
whole team focused on placing pain management as a high
priority, especially when other more exciting or attractive
therapies and innovations are beckoning for attention.
Each ICU needs a ‘‘pain management champion’’ to keep
the team on track.22 Health administrators also have vested
interests in establishing good pain management in ICU.
Per patient, per episode, ventilator-associated pneumonia
(VAP) adds an estimated additional $US40,000 and 6.1
days to the ICU length of stay (LOS), at an overall mor-
tality of 60 percent; approximately double the baseline
risk.23[II], 24[I] Changes in the approach to sedation and
analgesia have reduced the incidence of VAP and LOS by as
much as 50 percent in controlled trials, with a significant
saving of money, resources, and lives.2[II], 21[II], 25 With
both the costs of ICU care and the demand for ICU beds
constantly increasing, there are new imperatives to ‘‘fast-
track’’ patients. Systematic review has identified a wide
range of factors which impact on the ability to implement
fast-track strategies safely, and excellent pain management
is a key element.26

There are very few data examining the impact of good
or bad acute pain management in the longer-term reha-
bilitation of ICU survivors. The more painful and trau-
matic the experience, the more likely it will lead to the
development of a longstanding and debilitating chronic
pain syndrome.5, 27[IV], 28[III] Survival is the yardstick of
current ICU outcome measures, but survival to a life of
chronic pain and misery is arguably the worst possible
outcome, and does not alter the statistics.

Another major role of the ICU is end-of-life care. In
the developed world, nearly 40 percent of all deaths occur
in hospital, with more than half of these in ICU.29[II]
Death in ICU is now more commonly the result of a
decision to withhold or withdraw life-sustaining therapy,
than an unexpected event. There is usually ample

opportunity to ensure that patients are at least comfor-
table as they die.30, 31

SOURCES OF PAIN IN ICU

Pain is, by definition, an individual, subjective experience
with nociceptive, emotional, and possibly neuropathic
elements.32 Pain may be related to the disease, trauma, or
surgery that brings the patient to ICU in the first instance,
it can be a consequence of treatments administered, or it
may arise from complications which develop. Potentially
painful procedures include endotracheal intubation and
extubation, dressing and suturing of wounds, and inser-
tion and removal of tubes and lines including vascular
access, chest drains, surgical drains, and intracranial
pressure monitors.9[III], 12, 13[II], 33, 34, 35[IV], 36[III],
37[IV], 38[IV] Procedural pain is usually intense but
short-lived, and logically calls for the use of short-acting
intravenous analgesics or local anesthesia. Time con-
straints can put pressure on clinicians to omit this step in
care, as borne out by one large study which indicated that
less than 40 percent of patients having procedures were
appropriately medicated.12

Routine nursing care involves essential but potentially
uncomfortable interventions, including endotracheal
suctioning, washes, and turns.9, 39, 40 Joint and muscle
pains may be associated with immobility, awkward pos-
ture, pressure points, and pressure sores. The occiput,
heels, and sacrum are vulnerable sites that need careful
surveillance.

Pain is not necessarily proportional to the nociceptive
stimulus. Anxiety, fear, and feelings of helplessness are
known to intensify pain, and are commonly exhibited in
ICU patients.41 The ICU environment is not often tranquil,
and therefore not usually conducive to providing patients
with adequate rest. Analgesia and anxiolysis have a role for
all patients in ICU, regardless of the cause of admission
and how ‘‘painless’’ the procedures that are performed.
ICU staff must strive to maintain a caring and compas-
sionate approach in order to reduce anxiety and make
suffering more bearable. Patients’ experiences can actually
be turned from negative to positive if they feel cared for.36

[III], 42[IV], 43[IV], 44[IV], 45 The patient who suddenly
awakens with pain as they are turned in the bed may panic
and lose coordination with their ventilator, and suffer
hypoxia or unscheduled extubation.40, 45 Providing
advanced notice to patients about proposed interventions,
combined with pre-emptive use of appropriate sedative
and analgesic medication if there is any sign of distress, is
an easy strategy to adopt with little extra effort.

PAIN ASSESSMENT IN ICU PATIENTS

The Achilles’ heel of pain assessment in ICU is the
communication gap between patients and caregivers.
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There are many reasons for this, broadly categorized as
physical barriers, patient factors, staff factors, and system
factors. The most obvious physical barrier is the endo-
tracheal tube, which prevents talking. Nevertheless, many
patients can communicate well with nods, facial expres-
sions, and hand signals. Severe motor weakness inhibits
the ability to write or use sign language, and is a specific
consequence of critical illness polyneuropathy-myopathy,
other neuromuscular disease, central neural trauma, or
the use of muscle relaxants.46, 47, 48 Excessive sedation will
also impair communications.

Patient factors include delirium, cultural mores, and
language deficits. Common causes of delirium are elec-
trolyte imbalances, hypo- and hyperthermia, sepsis, con-
cussion, alcohol and drug withdrawal, hypoxia, and sleep
deprivation.49[III] In pediatrics, there are additional
issues associated with young age, stage of development,
and maturity, making reliable pain assessment more of an
art than a science (see Chapter 38, Pain assessment in
children in the Practice and Procedures volume of this
series). A child lying still and silent in the bed is not
behaving normally, and clinicians need to actively seek a
reason for pain.

Staff factors in communication may be related to
diversion of their attention, poor time management, lack
of knowledge or understanding, or indifference to pain
and suffering.

System factors include inadequate staffing levels for
nursing workloads, absence of appropriate pain assess-
ment tools in routine ICU activity, and lack of staff
education programs.5[III]

When assessing pain, ICU clinicians rely heavily on
indirect autonomic and behavioral indicators.50 Tachy-
cardia, diaphoresis, tachypnea, grimacing, abnormal pos-
turing, and increased muscle tension may all be caused by
pain, but are not pain-specific. Conversely, the presence of
a normal heart rate and blood pressure does not exclude
the presence of pain, especially if cardiovascular responses
are blunted by medications or disease. Nor are pupillary
changes and responses entirely reliable. Mydriasis may be a
result of pain, atropine or catecholamine administration,
direct trauma, seizures, or raised intracranial pressure,
while miosis can be due to pontine dysfunction, metabolic
syndromes or organophosphate intoxication, but can also
occur in response to opioids, although the presence of
miosis does not guarantee an in the absence of an analgesic
effect.51[V] Association between autonomic responses and
noxious stimuli increases the likelihood of pain as the
cause, but it can be difficult to discriminate pain from
agitation, anxiety, or delirium.

Following the hypothesis that pain assessment accu-
racy would be optimal if performed by a family member
who knew the patient, the SUPPORT study showed a 75
percent agreement between observer assessments and
patient reports for the presence or absence of pain.
However, there was less agreement in terms of severity of
pain, with an equal tendency for observers to both

overestimate and underestimate pain at least 50 percent of
the time.52[III]

ICU pain scores

More formalized pain assessment in critically ill patients
is possible, using a variety of scoring systems, most of
which have been developed and validated for specific
patient populations.5[III], 34, 53[II], 54[IV], 55, 56, 57, 58, 59,

60[III], 61, 62 An example is provided in Table 18.1. There
are also many versions of ‘‘sedation scales’’ in use, which
inherently assess analgesia.14, 19, 59, 65, 66[V], 67[IV], 68, 69

[IV], 70[V], 71[III], 72, 73, 74[IV], 75[III], 76, 77, 78[III], 79[I],
80[III]. An example is shown in Table 18.2. A common
feature of these scales is to derive an aggregate total score
by accumulating points in several categories of behavioral
and/or autonomic physiological observations, as there is
no single clinical discriminator with appropriate sensi-
tivity and sufficient specificity for pain alone. Pain and
sedation assessment scales encourage regular assessment
of the patient. Used in conjunction with response algo-
rithms they reduce the chance of significant treatment
differences from one staff shift to the next, and increase
the likelihood that a patient will receive timely interven-
tion.53[III] Prospective, randomized data indicate that the
implementation of formalized pain assessment and
management can significantly improve ICU outcomes.21

[II], 25, 81[III] An assessment scale and action protocol
which works well in one ICU may not necessarily apply
in another with a different case-mix, so incorporation
of these scales into widespread routine practice is bound
to be a gradual process as individual unit evaluation
continues.82 Regular, formalized pain assessment is
rapidly becoming a ‘‘standard of care.’’83

Pain monitors?

Computer-processed bispectral analysis (BIS), a modified
form of electroencephalogram (EEG), has a proven role in
evaluating the state of arousal or awareness in patients
receiving general anesthesia.78[III], 84, 85[III], 86[III], 87[V],
88[IV] BIS is influenced by the choice of sedative agents,
the underlying illness, and other environmental factors,
leading to considerable variation in responses and practical
problems excluding background noise. At this point BIS in
ICU is still experimental, and although it provides addi-
tional information, BIS must be interpreted in context
with other clinical signs.74[IV], 78[III], 84, 85[III], 87[V],
88[IV], 89[IV] Whether BIS can be used to differentiate
pain from agitation or delirium is currently unresolved.90

SEDATION AND ANALGESIA

Sedation and analgesia are usually paired together in ICU
for practical reasons, and are therefore often confused
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with one another. An ideal ICU sedative regimen main-
tains good analgesia and allows patients to retain suffi-
cient mental clarity to be calm and cooperative without
being psychologically traumatized.91 For the majority of
patients the actual drugs used are less important than the
manner in which they are administered.25 The manage-
ment of sedation in ICU has been extensively reviewed.92

There is evidence that daily interruption of sedation
decreases length of stay in ICU, reduces morbidity asso-
ciated with ventilation, and improves long-term psycho-
logical outcomes.2[II], 3[II], 4[III] Implementation of

another assessment-focused protocol has been similarly
successful.21[II] Collectively, these studies indicate that
regular clinical assessment of sedation and analgesia facil-
itates dose titration to an appropriate therapeutic level.
Modern ventilators are infinitely more responsive to
patients’ voluntary efforts than older machines, greatly
reducing the discomfort associated with being artificially
ventilated, especially using pressure support modes (CPAP,
BiPAP) or airway pressure release settings (APRV).40

There are some conditions for which deep sedation is
part of essential therapy, and interruption for patient

Table 18.2 The Richmond Agitation-Sedation Assessment Scale (RASS).

Score Term Description

14 Combative Overtly combative, violent, immediate danger to staff

13 Very agitated Pulls or removes tube(s) or catheter(s); aggressive

12 Agitated Frequent nonpurposeful movement, fights ventilator

11 Restless Anxious but movements not aggressive or vigorous

0 Alert and calm

�1 Drowsy Not fully alert but has sustained awakening (eye opening/eye contact) to voice (410 seconds)

�2 Light sedation Briefly awakens with eye contact to voice (o10 seconds)

�3 Moderate sedation Movement or eye opening to voice (but no eye contact)

�4 Deep sedation No response to voice, but movement or eye opening to physical stimulation

�5 Unarousable No response to voice or physical stimulation

This scale is not applicable to patients receiving neuromuscular blockers. & American Thoracic Society. Adapted with permission from Ref. 80.

Table 18.1 Behavioral Pain Assessment Scale.

For patients unable to provide a self report of pain: Scored 0–10 clinical observations

Face 0 1 2 Face score:

Face muscles relaxed Face muscle tension, frown,

grimace

Frequent to constant frown,

clenched jaw

Restlessness 0 1 2 Restlessness score:

Quiet relaxed appearance,

normal movement

Occasional restless

movement, shifting

position

Frequent restless movement,

may include extremities

or head

Muscle tonea 0 1 2 Muscle tone score:

Normal muscle tone, relaxed Increased tone, flexion of

fingers and toes

Rigid tone

Vocalizationb 0 1 2 Vocalization score:

No abnormal sounds Occasional moans, cries,

whimpers or grunts

Frequent or continuous

moans, cries, whimpers

or grunts

Consolability 0 1 2 Consolability score:

Content, relaxed Reassured by touch or talk.

Distractible

Difficult to comfort by touch

or talk

Behavioral Pain Assessment Scale total (0–10) /10

aAssess muscle tone in patients with spinal cord lesions or injury at a level above the lesion or injury. Assess patients with hemiplegia on the unaffected side.
bThis item cannot be measured in patients with artificial airways. How to use the pain assessment behavioral scale: Observe behaviours and mark
appropriate numbers for each category. Total the numbers in the pain assessment behavioral score column. Zero = no evidence of pain. Mild pain = 1–3.
Moderate pain = 4–5. Severe uncontrolled pain is Z6. This adult scale is very similar in style and content to the ‘‘FLACC’’ scale used in pediatrics, and the
‘‘COMFORT’’ scale, which includes physiological parameters of respiration, heart rate variability, and blood pressure.63, 64 Note that this scale, and others
like it, cannot be used for patients receiving neuromuscular blocking drugs. Adapted with permission from Ref. 53.
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assessment should only be considered under strictly
controlled circumstances, if at all. These conditions are
diverse and include critically raised intracranial pressure,
refractory seizures, tetanus, hyperpyrexia, extensive burns
with skin grafting, patients on extracorporeal membrane
oxygenation (ECMO), and patients with problematic
ventilator dysynchrony, such as those with severe
acute respiratory distress syndrome (ARDS) or asthma
ventilated to permissive hypercapnia.40 Any patient who
is administered neuromuscular blockade should also
receive concurrent sedative and analgesic medications,
empirically.

Sedative versus analgesic drugs

Sedatives are primarily hypnotic (sleep inducing) and
anxiolytic agents. Analgesics are primarily designed to
relieve pain. Strong analgesics often have some hypnotic
effect, but most sedatives have no analgesic properties.
Failure to appreciate this can lead to inappropriate pre-
scription or omission. In 2001 an extensive survey of
Italian ICUs found that 35 percent of postsurgical ICU
patients received no analgesia at all in the first 48 hours of
their admission, only 51 percent received an opioid and,
of these, 42 percent had only one bolus dose of short-
acting agent.93[III] Another study reached the extra-
ordinary conclusion that analgesic use was associated
with an increased length of stay in a medical ICU.94 The
study groups were clearly biased, with strong indicators of
more severe illness in the analgesic recipients, but the
most concerning feature of this study was that only 36
percent of the patients had any analgesia prescribed.82, 94

Modulation of nociception is believed to be vital for
the prevention of peripheral and central pathophysiolo-
gical changes that lead to augmented acute pain responses
and chronic pain states. The presence of coma does not
exclude the need for antinociceptive medication in the
presence of a recognizable noxious stimulus.93[III]
Amnesia is far more reliably achieved with a benzodia-
zepine–opioid combination than with a benzodiazepine
alone, and tolerance to analgesics develops less rapidly
than with isolated infusions.95, 96 Amnesia may not always
be desirable, however, as posttraumatic stress disorders
appear to be more common in patients with large
memory deficits following ICU admission.97, 98[V], 99[III]
Delirium is a recognized consequence of nonanalgesic
sedative administration in the presence of pain.100[III]

ANALGESICS

Details of the pharmacology of opioid and nonopioid
analgesic agents are to be found in Chapter 3, Clinical
pharmacology: opioids; Chapter 4, Clinical pharmacol-
ogy: traditional NSAIDs and selective COX-2 inhibitors;
Chapter 5, Clinical pharmacology: paracetamol and

compound analgesics; and Chapter 6, Clinical pharma-
cology: other adjuvants.

Most analgesics given in ICU are delivered by i.v.
infusion, with additional bolus administration as
needed. An understanding of infusion kinetics and the
influences of age, end-organ disease, and polypharmacy is
essential,101, 102, 103, 104, 105[III],106, 107, 108, 109[V],110[V],111

but is unfortunately outside the scope of this chapter. All
ICU staff should understand why increasing a morphine
(or fentanyl) infusion from 2 to 4mL/h, 15 minutes
before an intervention is a gesture that comforts the
provider more than the receiver.

Broadening category of ‘‘analgesic’’

Research in the use of newer agents with primary
analgesic and secondary sedative properties, particularly
dexmedetomidine, has raised the profile of all analgesic
prescription in ICU. Adjunctive analgesics such as anti-
convulsants, antidepressants, and antiarrhythmic agents
are rarely used purely for pain in ICU, although they may
have a role in neuropathic pain states.112, 113, 114, 115

Opioids

Opioids are the principal strong analgesics used in ICU.
The choice of agent is usually determined by unit pro-
tocols, prescriber familiarity, or the specific indications.107

Morphine, fentanyl, and alfentanil are widely employed,
with remifentanil and sufentanil holding niche applica-
tions. With chronic high-dose exposure, hyperalgesia
and agitation may be a consequence of opioid intoxi-
cation, rather than under-dosing.116, 117 Slow-release
enteral preparations may have roles at later stages of ICU
admission.

Nonopioid analgesics

PARACETAMOL (ACETAMINOPHEN)

Paracetamol is a centrally acting analgesic used to treat
mild to moderate pain and pyrexia.118 Severe hepato-
toxicity can occur when standard doses are given to
patients with liver dysfunction.119 The Rumack–Matthew
nomogram is not applicable to patients with chronic
overdosage.120, 121

NONSTEROIDAL ANTI-INFLAMMATORY DRUGS

The role of nonsteroid anti-inflammatory drugs
(NSAIDs) in ICU is limited by their potential side effects
(see Chapter 4, Clinical pharmacology: traditional
NSAIDs and selective COX-2 inhibitors). Cyclooxygenase
(COX) may have an important role in the resolution of
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acute lung injury, so its inhibition by NSAIDs is
theoretically detrimental.122 Carefully supervised use of
NSAIDs may provide excellent analgesia in the setting of
uncomplicated adult and pediatric cardiothoracic surgery,
improving the tolerance of chest drains and tubes,
and permitting rapid weaning from ventilation.123[III],
124[II]

ALPHA-2 ADRENOCEPTOR AGONISTS

Clonidine and dexmedetomidine have analgesic, sedative,
and anxiolytic properties. Both can be used to ameliorate
drug withdrawal symptoms, facilitate the weaning of
opioids in dependent patients, and to augment opioid
analgesic effects in tolerant patients.125, 126[I] These
effects are possibly mediated by the cellular expression of
m-a2 receptor heterodimers, which diminish the effects of
either agonist alone but enhance synergy when they are
given together.127 Dexmedetomidine improves patient–
ventilator synchrony following cardiac and thoracic
surgery, providing analgesia and ‘‘cooperative sedation’’
without causing respiratory depression.126, 128[V], 129, 130

[II], 131 There are case reports of prolonged infusions,
without detriment, including 65 pediatric burns patients
with a mean duration of use of 11 days.132, 133[IV] The
principal side effects are bradycardia and hypotension,
more common after a loading dose administration.134 At
steady state these effects are of the order of 10–15 per-
cent below baseline.135[IV] There is no rebound hyper-
tension observed after abrupt cessation of the infusion,
even after prolonged administration.136[III] The analge-
sic properties of dexmedetomidine are modest. In a
postsurgical case series, comparison of propofol and
dexmedetomidine, the latter group had a 60–70 percent
reduction in their fentanyl requirements.137[II] In adult
thoracic surgery, the addition of i.v. dexmedetomidine to
epidural analgesia led to a significant reduction in the
requirements for rescue opioids.138[II] Pediatric experi-
ence is accumulating.110[V], 139, 140, 141[III], 142 There is
an incentive to find a suitable alternative to propofol
because of the ‘‘propofol infusion syndrome’’.110, 143, 144

Dexmedetomidine has also been used to facilitate abrupt
termination of opioids in chronically exposed children,
following cardiac transplantation.145

KETAMINE

Ketamine is a potent analgesic in subanesthetic doses, and
has been shown to reduce morphine requirements and
decrease nausea and vomiting rates in perioperative stu-
dies.146[I], 147[I] Ketamine may prevent opioid tolerance
and dependence, hyperalgesia, and withdrawal symp-
toms.148 Overall, the collection of small studies of
ketamine use in ICU is insufficient evidence to draw
firm conclusions or make recommendations about its
role.110, 148, 149, 150, 151

Drug withdrawal symptoms

Sedatives and analgesics are commonly stopped in order
to awaken and extubate patients. For patients not pre-
viously exposed to these drugs, infusions of less than five
days duration can usually be ceased without consequence.
After longer infusions, or for patients chronically habit-
uated to sedatives and analgesics, abrupt cessation may
precipitate a withdrawal syndrome, manifest as a variable
constellation of hyper-alertness, tachycardia, hyperten-
sion, tachypnea, pupillary dilation, diaphoresis, increased
intestinal peristalsis with cramping pain, and a spectrum
of insomnia, confusion, agitation, or delirium.152, 153, 154,
155, 156[I], 157 Slower weaning of the agents is necessary.
Withdrawal symptoms may be attenuated by coadminis-
tration of a2-adrenoceptor agonists, or substitution
therapy with long-acting agents such as methadone.125, 145,
157, 158, 159, 160

Physiology and pharmacology in critical illness

The main issue relevant to pain management is the
redistribution of organ blood flow in shock states. Vital
organ perfusion is preserved at the expense of other cir-
culations, increasing the percentage of intravenously
delivered drug reaching the brain, heart, and lungs. Dose
alterations may be necessary.

Significant alteration in circulating cytokines is com-
mon in critical illness, causing increased capillary per-
meability and interstitial extravasation of plasma. Fluid
resuscitation often causes massive expansion of the
extracellular fluid space. This changes the volume of
distribution of many water-soluble drugs, such as
neuromuscular blockers and morphine. Dose increases
may be needed to maintain a therapeutic effect.

ORGAN FAILURE

Organ failure is common in ICU. Its impact on acute pain
management has been comprehensively reviewed.161

Kidney

Renal dysfunction causes reduced clearance and pro-
longation of the effects of many drugs, including some
analgesics and their metabolites. Alfentanil, fentanyl,
remifentanil, sufentanil, buprenorphine, and ketamine are
least affected.161 Morphine, hydromorphone, methadone,
oxycodone, tramadol, clonidine, amitriptyline, and bupi-
vacaine have all been used safely at reduced doses. Mor-
phine glucuronides may accumulate in oliguric renal
failure, increasing the risk of prolonged sedation, respira-
tory depression, profound intestinal stasis, and myoclonus.
Norpethidine, a pethidine (meperidine) metabolite with
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neuro-excitatory serotonergic effects, is exclusively renally
cleared, and this drug is rarely used in ICU.161

Paracetamol is safe provided it is not part of a com-
pound analgesic that contains salicylates or NSAIDs.161

RENAL REPLACEMENT THERAPY

Extracorporeal renal replacement therapy (dialysis and
ultrafiltration) is less efficient than functioning kidneys at
clearing plasma of drugs and their metabolites. Data on
drug removal by dialysis refer only to standard inter-
mittent hemodialysis and filtration (IHD), which may
cause hypotension or even circulatory collapse in some
ICU patients. Continuous renal replacement therapy
(CRRT), using equipment designed for ICU use, induces
less hypotension but needs to run for up to 24 hours to
achieve a similar effect as four hours of IHD. Slow low
efficiency dialysis (SLED) is a hybrid method that is more
efficient than CRRT and less hemodynamically destabi-
lizing than IHD. Evidence for the clearance of certain
drugs by IHD has been empirically extrapolated to CRRT
or SLED, but there are few supporting data.162

Because of the multiple techniques employed in CRRT,
the variability in individual patient circumstances, and
the lack of in vivo data, the information displayed in
Table 18.3 can only be used as a guide.162

Liver

In mild forms of hepatic dysfunction there is rarely a need
to adjust analgesic or sedative drug doses. In liver failure,
these drugs must be prescribed with extreme caution.
Analgesics and adjuvants which should be specifically
avoided are paracetamol, valproic acid, carbamazepine,
amitriptyline, and methadone.119, 161 In critical illness the
liver reduces its synthesis of albumin in favor of produc-
tion of higher levels of alpha-1-glycoprotein, globulins, and
other acute phase reactants. The pharmacokinetics of
highly protein bound drugs may be altered.

Other organs

Microvascular ‘‘failure’’ causes many patients to develop
generalized edema, excess total body water, and com-
partmental fluid shifts that may alter drug distribution,
either lessening, or potentiating their actions. This creates
an inconstant relationship between plasma levels and
tissue concentrations. Plasma level surveillance is com-
mon ICU practice with drugs such as antibiotics, anti-
coagulants, and anticonvulsants, either to monitor ther-
apeutic benefits, or to avoid potentially toxic effects
related to high plasma levels. Currently, there are no
cheap commercial assays for analgesics or sedative agents.

REGIONAL BLOCKS IN ICU

The aim of any regional technique is to provide excellent
analgesia while preserving or enhancing respiratory
function, cardiovascular stability, and cognition through
the avoidance of systemic medication.

Epidural and intrathecal blocks

Epidural analgesia is commonly used in the management
of major thoracic, abdominal, and lower limb surgery and
trauma. For details of the technique and a review of
studies looking at patient outcomes with epidural
analgesia compared with opioid analgesia, please see
Chapter 13, Epidural and spinal analgesia. Very few large
trials have included ICU patients.

HEMOSTASIS

Critical illness is regularly associated with dysfunction of
the liver, spleen, kidneys, and bone marrow, and the use
of anticoagulants and platelet inhibitors. Throughout the
duration of epidural use, and particularly at the time of
insertion or removal of the epidural catheter, attention

Table 18.3 The effect of dialysis on plasma clearance of analgesic and adjunctive medications.

Cleared >30% Not cleared by dialysis No data available

Paracetamol Alfentanil Ketamine Hydromorphone

Gabapentin Baclofen Pethidine Ketoralac

Norpethidinea Buprenorphine Methadone Naloxone

Mexilitene Carbamazepine Morphine glucuronides Oxymorphone

Morphinea Chlorpromazine Naltrexone Piroxicam

Oxycodonea Clonidine Sufentanil

Pentazocine Codeine Local anesthetics

Tramadola Dexmedetomidine NSAIDs

Valproic acida Fentanyl Tricyclic antidepressants

aDenotes clearance only with nonstandard high sieving coefficient dialysis filters (Kf48mL/mmHg/min).
Due to the variability of circuits, filters, and modes of CRRT, the list may not be applicable.
Adapted with permission from Ref. 162.
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must be paid to the coagulation status and platelet
function. Timing of administration of drugs affecting
hemostasis must be taken into account, and consensus
guidelines are available.163

HYPOTENSION

An effective epidural will cause some peripheral vasodi-
lation, reducing systemic vascular resistance. Intravenous
fluid supplementation prevents and corrects hypotension
in the majority of cases. Liberal fluid use has been shown
to negatively influence pulmonary outcomes in ICU,
although this is a general finding that does not specifically
pertain to epidural use.164[II] Vasopressors may be a
preferred method of maintaining blood pressure. Epi-
durals are contraindicated in shocked and unresuscitated
patients.

SEPSIS

Sepsis is common in ICU. Opinions vary on how epi-
durals should be managed in sepsis. In a survey of British
anesthesiologists and intensivists, the majority of
respondents favored removal of epidural catheters in
culture-positive sepsis, but not in the presence of so-
called culture negative sepsis, or systemic inflammatory
response syndrome (SIRS).165 The pathophysiological
consequences of sepsis or SIRS are identical, affecting
organ function, coagulation, and platelet adhesion. Dro-
trecogin alfa (activated protein C (a-PC), has been shown
in phase III trials to significantly reduce mortality in
adults with severe sepsis.166 The rate of hemorrhagic
complications in septic patients rises from a baseline of 2
to 3.5 percent when a-PC is used.166[III], 167[III] The
need to simultaneously prescribe this agent and perform
neuraxial blockade is unlikely; should a patient become
septic with an epidural catheter in place, the safe interval
for its removal before or after a-PC administration is
unknown.

Thoracic paravertebral block (TPVB)

Thoracic paravertebral block (TPBV) is a useful unilateral
technique for analgesia after thoracic trauma or sur-
gery.168, 169, 170 Repeated percutaneous injection may be
performed, or an indwelling catheter placed for bolus
drug administration or continuous infusion. TPVB has
less hemodynamic effect than an epidural or intrathecal
blockade.168, 171[III] Pneumothorax occurs in approxi-
mately 0.5 percent.171 The overall failure rate is about 10
percent, consistent with most forms of regional blockade,
although higher success rates are seen with catheters
placed by the surgeon at the time of operation.172 TPVB
has been compared with epidural, intercostal, and inter-
pleural analgesia in adult thoracic surgery in a series of

papers at one center, showing TPVB to be the super-
ior modality.173[II], 174, 175[III], 176 In pediatric studies,
TPVB has been shown to be safe and effective, with
prolonged analgesic benefit.170, 171[III], 177, 178 TPVB will
ablate somatosensory-evoked potentials and prevent
hormonal stress responses to thoracic surgery, unlike
epidural blockade which does neither.172, 178 There is
hope that TPVB may prevent chronic post-thoracotomy
pain, which remains debilitating in up to 50 percent of
patients five years after thoracic surgery.178, 179

Intercostal blocks

Perioperative intercostal blockade, using surgically placed
catheters and continuous infusion, has been shown to be
as effective as continuous epidural block following uni-
lateral thoracotomy, with less time taken to place the
catheter, less need for urinary catheterization, and less
hypotension.180[III] Intercostal blocks may also facilitate
the insertion and removal of chest drains. Care needs to
be taken to avoid inadvertent local anesthetic toxicity
with multiple level injections.

Interpleural blocks

This can be performed as a percutaneous procedure, or by
instillation of local anesthetic through an existing intra-
pleural drain. The results are generally disappointing in
adult practice, with lasting benefit in less than 30 percent
of cases, and minimal effect on pulmonary dynamics.181

There is more success in children.182[IV] The pleura will
rapidly absorb local anesthetic, and toxicity is a significant
risk.

Other peripheral nerve blocks

Other peripheral nerve blocks may be used in ICU. For
details, see Chapter 12, Continuous peripheral neural
blockade for acute pain.

ACUTE ANALGESIA AND THE DYING PATIENT

Definitions

A significant percentage of patients admitted to ICU will
die before leaving hospital, depending on individual unit
acuity, age range, and case-mix.29[II] ‘‘Withdrawal of
care,’’ and its corollary term ‘‘withholding treatment,’’
describes an active decision not to indulge in life-
prolonging therapies, but care of the patient continues in
all other aspects. ‘‘Palliation’’ refers to the alleviation of
unpleasant symptoms in a patient who is terminally ill,
although death may not be immediately imminent. This
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is subtly different, and some seemingly aggressive treat-
ments may still be provided in an ICU setting. A palliative
approach requires a change of mind-set for members of
the ICU team.31 The emphasis shifts from one of using all
available therapies to preserve life, which is the common
foundation of ICU care, to one of optimizing the enjoy-
ment of remaining life, and possibly extending it a little at
the same time.183

Practicalities of analgesia in end-of life care

There are excellent reviews and guideline documents
written by expert committees and representative autho-
rities detailing the practical and ethical issues of end-of-
life care.31, 184, 185, 186, 187, 188, 189, 190 The sequence of
events often moves considerably faster in the ICU than in
hospice or ward settings. Proactive, collaborative decision
making and open communication is essential, and phy-
sicians often need to take the lead to initiate discourse
with families.191 Patients and families may also benefit
from contact by a palliative care team with broader
expertise in psychosocial and spiritual matters.185, 192, 193,
194[IV], 195

New directions in organ donation, particularly dona-
tion after cardiac death (DCD), are raising some ethical
challenges regarding the appropriateness of analgesic and
sedative use at the end-of-life.196, 197 Analgesic and seda-
tive drugs must also be adequately cleared before any
clinical determination of brain death can be made for
more conventional organ donation.198

Palliative analgesia

The patient should receive analgesia doses titrated to their
individual need, rather than applying any particular for-
mula, and dose requirements can be surprisingly high. A
‘‘double effect principle’’ is widely accepted for palliative
analgesia. This provides legal justification for the moral
and medical indications of continuing to administer
strong analgesia for patient comfort, acknowledging that
some potential side effects, such as respiratory depression,
may be detrimental, or even hasten death.187, 199, 200

Anxiolytics may also be used to relieve suffering, follow-
ing the same principle, even if they sedate the patient.201

The intentional prescription of sedative and analgesic
overdoses to accelerate death is not sanctioned by this
principle, and is illegal in most countries.

SPECIFIC PAIN MANAGEMENT IN ICU

Pain management in emergency resuscitation

Shocked patients do not tolerate the vasodilatory effects
of most anesthetic agents, nor the physiological

consequences of intubation and ventilation. These are
partly offset by aggressive resuscitation using i.v. fluids,
inotropes, and vasopressors. The choice of drugs, their
dosage, and timing often needs to be modified. Unfor-
tunately, not all ‘‘unstable’’ patients are unaware. There is,
however, a world of difference between awareness and
painful, frightening awareness. Opioids like fentanyl may
be gradually titrated in concert with fluid resuscitation
and invasive monitoring, and small doses of benziodia-
zepines used for additional amnesia and anxiolysis.
Ketamine is another agent with analgesic and anesthetic
properties that has been advocated in emergency situa-
tions because of its sympathomimetic effects, although
care with dosing is also necessary. ICU practitioners
should talk reassuringly to their patients whenever pos-
sible during emergency procedures, as sedative drugs are
imperfect and lack of awareness is not guaranteed.202

Thoracic surgery

Thoracotomy has a significant and prolonged adverse
effect on pulmonary mechanics, and although the reasons
for this are multifactorial, pain is believed to be the most
relevant factor.181 Analgesia is aimed at preserving the
functional residual capacity of the lung, maintaining the
ability to cough, and facilitating early mobilization, thus
preventing atelectasis, infection, and thromboembolism.
Thoracic paravertebral block is reported to provide
the best analgesic effect and pulmonary mechanical
advantage.181, 203[I]

Cardiac surgery

Adult cardiac surgery is changing with the proliferation of
percutaneous catheter treatments, keeping many ‘‘heal-
thier’’ cardiac bypass patients away from the ICU envir-
onment. The majority of research on cardiac bypass
surgery has been carried out prior to this era. The average
patient presenting for cardiac surgery now has multiple
comorbidities, and existing data may not apply. Combi-
nation therapy with diclofenac and paracetamol
improved pain scores, and significantly reduced fentanyl
requirements and side effects in patients undergoing
cardiac bypass grafting.124[II] Epidural block in cardiac
surgery remains controversial, with the main debate
centered on the risk of neuraxial hematoma in association
with perioperative anticoagulation.204, 205 The technique
mandates specific strategies to rapidly detect and treat
neuraxial complications in order to maintain safety.

Neuropathic pain

Neuropathic pain is particularly predictable in the setting
of major nerve injury, such as traumatic amputation,
spinal cord injury, and limb plexus avulsion, but is also a
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feature of Guillain–Barré syndrome (GBS) and critical
illness polyneuropathy.113, 114, 206 The hallmark features
are those of ongoing pain in the absence of a recognizable
stimulus, dysesthesia, allodynia, and hyperpathia, and
pain that is resistant to opioid therapy.32 Pathophysiolo-
gical neural changes gradually become established, often
leading to disabling chronic pain. Theoretically, early
intervention may be preventative.113 ‘‘Antineuropathic’’
analgesics include ketamine, tricyclic antidepressants,
anticonvulsants, and a-2 agonists113, 148 (see Chapter 6,
Clinical pharmacology: other adjuvants). Early referral to
a multidisciplinary chronic pain unit is recommended for
all patients identified as having neuropathic pain in ICU
as treatment is specialized, and likely to need to be
prolonged.

Guillain–Barré syndrome

Severe cases are admitted to ICU for airway protection
and ventilation because of loss of laryngeal, bulbar,
thoracic, and diaphragmatic muscle function. Con-
sciousness is not affected. Common complications are
deep vein thrombosis, pulmonary embolism, cardiac
arrhythmias, and gut dysfunction.207 Pain is experienced
in the acute phase of GBS by about 70 percent of cases as
a result of sensory nerve involvement, pressure necrosis,
myopathy, constipation, and procedural interventions.208,
209 Backache, headache, joint, and muscle pain, and
paresthesiae are common. Early plasmapheresis or
immunoglobulin administration will shorten the dura-
tion of this illness and the associated pain.210 There is no
benefit of combining these treatments. Recovery often
takes three to six months, or longer.207, 211, 212, 213 Enquire
about pain early in the presentation, before commu-
nication is impaired by motor weakness.214 In small
randomized controlled trials, gabapentin and carbama-
zepine were effective for neuropathic pain in GBS, with
gabapentin performing marginally better.215[III], 216[III]
The management of pain in these patients is discussed in
Chapter 23, Acute pain and medical disorders.

CONCLUSION

Pain management in ICU uses the same principles and
the same drugs as pain management in other hospital
settings. Organ failure and critical illness physiology will
influence choice and dose of analgesic drugs. Morphine is
still the most commonly used agent. Barriers to com-
munication, including sedatives, make assessment of pain
difficult. The appropriate application of specific pain
assessment tools and response algorithms has been shown
to improve patient outcomes in ICU. Regular patient
assessment permits careful titration of existing drugs to a
level that provides a very satisfactory outcome in the
majority of patients. Optimal pain management requires

a complete working knowledge of the pharmacokinetics
and toxicity profiles of all opioid and nonopioid analge-
sics. Regional block techniques may be useful and warrant
further study in the ICU setting. Simple strategies that can
be instituted immediately, at no cost, include the use of
procedural local anesthesia, talking to sedated patients as
if they are awake, and minimizing ‘‘doom and gloom’’
discussions at the bedside. New ventilators have revolu-
tionized the way in which sedation and analgesia is
managed in ICU. The emphasis should probably favor
more analgesia, and less sedation.
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KEY LEARNING POINTS

PRINCIPLES

� Pain management in emergency departments (ED)

requires a system for quantification of pain, initiation of

therapy, and reassessment.
� As a general rule, the approach to analgesia in EDs

should be simple before complex, specific before

nonspecific, and local before general.
� When opioids are required for severe pain, parenteral

administration is usually indicated in the initial phases

of ED care and the intravenous (i.v.) route is preferred

when practical.
� Opioid-tolerant patients are likely to require higher

doses of opioid in order to achieve analgesia. Opioids

should not be withheld from any patient where there is

an apparently genuine cause for pain.
� Ketamine may be a useful adjunct to i.v. opioids in

patients who are requiring high doses of opioids in very

painful conditions, such as severe burns.

ANALGESIA FOR SPECIFIC CONDITIONS

� There is no evidence to support the withholding of

opioid analgesia in patients suffering abdominal pain.
� Nonsteroidal anti-inflammatory drugs (NSAID)

are effective for treating the pain of renal and biliary

colic, but require about 30 minutes to be effective.

� Oral NSAIDs, including aspirin, are useful for treating

mild to moderate traumatic and musculoskeletal pain

and mild migraine.
� For severe migraine, the evidence suggests

that the most effective agents are the

phenothiazines (chlorpromazine and prochlorperazine)

and the triptans (sumatriptan and related

agents).
� For fractures of the femoral neck, titrated i.v.

opioids are appropriate for initial pain control.

Femoral nerve or ‘‘three-in-one’’ local anesthetic

blocks (either as a single injection or by a

catheter) may be a useful opioid-sparing adjunct. Skin

traction does not provide superior analgesia to

positioning.
� Regarding local anesthetic infiltration for wound

analgesia/anesthesia, infiltration via the wound rather

than the surrounding skin has been shown to reduce

the pain of infiltration as has warming of the injected

solution.
� Topical anesthetic preparations have been shown to be

effective alternatives to infiltration of local anesthesia

for selected simple lacerations.
� There is no clearly superior method of analgesia for

fracture/dislocation reduction.



INTRODUCTION

Pain is the single most common reason for presentation
to emergency departments (ED). Causes are both medical
and surgical and severity ranges from mild to very severe.
Despite its prevalence, there is strong evidence that
patients in ED around the world receive suboptimal pain
management.1

Before discussing the evidence, it is important to
clarify how it was chosen. Two approaches were con-
sidered: including all the data for a particular condition
(i.e. data derived from both ED and non-ED settings) or
restricting the analysis to data obtained from studies of
ED patients. The latter approach is appealing because ED
patients are suffering from undifferentiated illness, so a
disease-based approach does not always mimic the clin-
ical context. In addition, there is some evidence that ED
patients may be different from other patients, for example
in that they may have already tried self-medication before
coming to the ED.2, 3[II] Unfortunately, high quality trials
in the ED setting alone are uncommon for most condi-
tions. We have decided to use data derived from ED-based
studies if it is of sufficient quality and/or there is rea-
sonable evidence that the ED population with a given
painful condition is different from the general outpatient
population. Where there is no ED-specific data of suffi-
cient quality, data from other settings have been
incorporated.

Some of the available evidence and best practice
regarding pain management in the ED has recently been
summarized in guidelines4 and publications.5 These are
useful sources for reference.

PRINCIPLES

Choice of analgesia

As a general rule, the choice of analgesia should
be the simplest, most condition-specific, and most local
that is effective. For example, for a patient suffering
myocardial ischemia, an appropriate initial analgesic is
nitroglycerin, although it has no intrinsic analgesic
properties. For a patient with a crushed digit,
although nitrous oxide or systemic opioid may be
needed in the short term, a digital nerve block is
highly effective ongoing analgesia and may additionally
facilitate wound repair. For a patient suffering pain
due to an envenomation, treatment of the envenom-
ation rather than, or concurrent with, systemic
analgesia is indicated. There is not sufficient space to
provide a condition by condition list, however the
principles of simple before complex, specific before
nonspecific, and local before general, coupled with reg-
ular reassessment of the adequacy of analgesia usually
prove effective.

Systems for analgesia delivery

There is evidence that analgesia in ED is often neither
timely nor adequate.1 Children, the elderly, the cogni-
tively impaired, and some ethnic groups appear to be at
increased risk of poor pain management.1, 6

A system to deliver timely and effective analgesia
requires the following elements: a process to quantify and
document pain at regular intervals (e.g. using pain
scores), a process to initiate appropriate therapy, and a
process to monitor response to initial therapy and pro-
vide additional analgesia as required. The design of such a
system will depend on factors such as overall staffing
levels and its match to workload, patient characteristics
such as age, ethnicity mix, and urgency distribution, mix
of medical, nursing and assistant staff, level of training of
staff, local legislative restrictions, and safety concerns.

Examples of system design to achieve this include
assessment of pain intensity at the time of triage and
integrating it as part of the assignment of triage (treat-
ment priority) categories and development of pain
management guidelines to direct choice of agent and
route of administration for selected conditions. Where
legislative and hospital policies allow, analgesia can be
initiated at the time of triage for patients who are
expected to have to wait before medical treatment. This
may take the form of topical anesthesia for a wound7[II]
or oral medication.8[V] For patients suffering severe pain,
a titrated intravenous (i.v.) opioid protocol can be
effective,9[IV], 10[V] as can nurse-initiated titrated i.v.
opioids for selected conditions.11[III]

Analgesia at the extremes of age

Data suggest that children and the elderly receive poorer
pain management in ED than adults.1, 6 Reasons for this
are unclear and probably multifactorial. In some centers,
there appears to be reluctance to treat children with
parenteral analgesics and/or to delay i.v. insertion for
analgesia until topical anesthetic has been employed.
Neither of these is justified. Children suffering severe pain
should receive appropriate analgesia without delay.
Details of pediatric analgesia are discussed in Chapter 27,
Acute pain management in children. Regarding the
elderly, some concerns appear to be centered on the risks
of sedation and hypotension. Although physiological
changes make responses to analgesia different in the
elderly, this is insufficient justification for under-analge-
sia. This group is ideally served by titrated doses of
opioids as described under Systemic analgesia.

SYSTEMIC ANALGESIA

Opioids

Opioid analgesics are frequently required in ED for the
treatment of severe pain. They are discussed in detail in

Chapter 19 Acute pain management in the emergency department ] 361



Chapter 3, Clinical pharmacology: opioids, so only issues
specifically related to their use in ED will be covered here.

There are a range of opioids commonly used in ED for
analgesia, including short-acting agents, such as fentanyl,
as well as the more traditional agents, morphine and
pethidine (meperidine). Generally, morphine is preferred
to pethidine because of the lack of euphoric effect and
slightly higher potency. The long-taught adages that
morphine should not be used to treat renal or biliary
colic for fear of exacerbating pain are not borne out by
evidence and should be disregarded.12[II]

In most cases, parenteral administration is indicated in
the initial phases of ED care. In selected cases, oral agents
can be substituted for ongoing analgesia once initial control
has been obtained. Examples include management of
cancer pain crises and preoperative management of fracture
pain. Given the risks of addiction, care should be taken in
prescribing opioids for outpatient use unless there is a
definite diagnosis, alternatives are not available/appropriate
and there is a longer-term pain management plan.

Given the individual variability in dose requirement
and the delay to onset of action of intramuscular (i.m.)
opioids, the i.v. route is generally preferred with dose
titrated to effect. It is recognized that titrated i.v. dosing
requires appropriate training and sufficient staff to
appropriately monitor patients. This is not always possi-
ble in ED and when this is the case, i.m. dosing may be
safer but is likely to be less effective. A dose of
0.1–0.15mg/kg of morphine would be an appropriate
initial dose in this circumstance.

For i.v. opioids, doses should be adjusted for age
(lower doses are advised in patients aged over 65 years)
and weight and titrated to effect (see Chapter 28, Acute
pain management in the elderly patient). For an adult
male aged 40 years and weighing about 80 kg, an indi-
cative initial dose of morphine would be 0.05mg/kg (i.e.
4mg) with incremental doses of 0.025mg/kg (i.e. 2mg) at
five- to ten-minute intervals until pain is controlled. For
an elderly female aged 80 years and weighing 60 kg, an
indicative initial dose would be 0.025mg/kg (i.e. 1.5mg)
with increments of 1mg (approximately 0.0125mg/kg) at
the intervals defined above. Fentanyl has also be shown to
be effective when administered i.v. by titration.13[II]
Patients require close observation for sedation and
hypotension. Hypotension has been reported to occur in
4.9 percent of patients when titrated regimens are used.14

[IV] Respiratory depression, although a possibility, is
extremely rare when titrated regimens with monitoring of
vital signs, sedation, and pain score are used.14[IV] It is
important to remember that patients with hemodynamic
compromise may be more prone to the hypotensive
effects of opioids and both initial and incremental doses
should be reduced.

Opioid-tolerant patients, such as those taking illicit
opioids, patients on opioid management programs such
as methadone programs, and patients taking opioids to
manage chronic pain, are likely to require higher doses of

opioid in order to achieve analgesia; however, the rapid
titration approach is still recommended as long as it
allows for an appropriately higher total dose. Opioids
should not be withheld from any patient where there is an
apparently genuine cause for pain. The misconception
that therapeutic opioids ‘‘feed a habit’’ is ill founded (see
also Chapter 30, The opioid-tolerant patient, including
those with a substance abuse disorder).

Intranasal (i.n.) opioids including fentanyl and diace-
tylmorphine (diamorphine) have been trialled in the ED
and prehospital settings and have been shown to be
effective.15[IV], 16[II] Median dose requirements of
fentanyl in children are 1.5 mg/kg.15

Although patient-controlled analgesia (PCA) has been
shown to be safe when used in the ED for patients with
defined pathology,17[II], 18[IV] its overall place in ED is
still being defined. PCA has the advantage of being
responsive to patient’s pain, but as pain is a significant
factor in diagnosis, knowing that a higher than expected
dose of analgesia is being required might influence
investigation, diagnosis, and disposition. PCA may mask
this. Based on current evidence, PCA in ED should
probably be reserved for patients who have a defined
diagnosis and ongoing analgesia needs.

Tramadol

Tramadol, a synthetic opioid, has been suggested as an
option for treatment of severe pain of any cause, renal
colic, dental problems, migraine, and musculoskeletal
conditions. Evidence of its effectiveness in acute, non-
postoperative pain is not convincing.

In the ED setting, for patients with severe pain from
trauma, i.v. tramadol was shown to have similar effec-
tiveness to i.v. morphine.19[II] For patients with right
lower quadrant pain, tramadol provided statistically bet-
ter analgesia than placebo, but the effect size was small
(7mm difference on a 100mm visual analog scale (VAS))
and probably not of clinical significance.20[II] For renal
colic, it has been shown to be less effective than pethi-
dine21[II] and similarly effective to ketorolac 30mg,
although ketorolac had a more rapid onset of action.22[II]
For dental pain, a meta-analysis suggests tramadol to have
similar effectiveness to codeine 60mg, but to be less
effective than full dose nonsteroidal anti-inflammatory
drugs (NSAID) or codeine/aspirin (acetylsalicylic acid) or
acetaminophen (paracetamol) preparations.23[II] For
musculoskeletal pain, oral tramadol has been shown to be
less effective than hydrocodone/acetaminophen24[II] and
parenteral tramadol has been shown to have similar
effectiveness to parenteral diclofenac.25[II] Oral acet-
aminophen/tramadol combinations have been shown to
have similar efficacy to oral ibuprofen 400mg.26[II] For
treatment of migraine, tramadol has a reported clinical
success rate of 59 percent,27, 28[II] significantly inferior to
other available treatments.
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Based on available evidence, tramadol is not more
effective than morphine/pethidine for severe pain or than
NSAIDs or codeine/aspirin or acetaminophen combina-
tions for moderate pain. It is not highly effective for any
specific condition. Thus its place in the ED pain arma-
mentarium remains in doubt. It may be a useful alter-
native in patients for whom NSAIDs are contraindicated
or who are codeine intolerant.

Nonsteroidal anti-inflammatory agents

Oral NSAIDs, including aspirin, are useful for treating
mild to moderate traumatic and musculoskeletal pain
(see Chapter 24, Acute musculoskeletal pain). NSAIDs are
also effective for treating the pain of renal and biliary
colic, as the mechanisms of pain production include
prostaglandin release, but require about 30 minutes to be
effective, even when given parenterally. This is discussed
further under Renal colic and Biliary colic.

Nitrous oxide

Nitrous oxide, in a variety of mixtures with oxygen, is
used widely in both pediatric and adult ED (see Chapter
6, Clinical pharmacology: other adjuvants). For adults,
self-administration via a demand valve is usual while for
children continuous flow systems are more appropriate.
Nitrous oxide has been shown to be effective analgesia
and anxiolysis for minor procedures in both adults and
children.29, 30, 31, 32[II], 33[IV] It may also be useful as a
temporizing measure while more definitive analgesia is
instituted, e.g. insertion of a digital nerve block for finger
injury.

Ketamine

The pharamacology of ketamine is discussed in Chapter 6,
Clinical pharmacology: other adjuvants. It has been
shown to reduce opioid requirements in the treatment of
acute pain. Although there is no specific evidence from
the ED setting, ketamine may be a useful adjunct to i.v.
opioids in patients who are requiring high doses of
opioids in very painful conditions, such as severe burns.

ANALGESIA FOR SPECIFIC CONDITIONS

Abdominal pain

Abdominal pain is common in ED and causes range from
benign to life-threatening. Traditionally, there had been
reluctance to provide strong analgesics to patients with
abdominal pain for the fear of masking the signs of intra-
abdominal pathology. This notion, stemming from

Cope’s 1921 publication Diagnosis of the acute abdomen,34

predates the availability of accurately titratable opioid
solutions and opioid reversal agents. It is now recognized
that early appropriate analgesia is important for both
patient comfort and physician assessment. Choice of
agent and route of administration will depend on the level
of pain being reported, the clinical state, and the possible
cause of pain.

There is now convincing evidence to support the early
use of analgesia in the assessment and management of
patients with abdominal pain. In adult patients, it has
been shown that opioid analgesia does not reduce the
ability to make an accurate surgical diagnosis.35, 36, 37[II]
In some studies, it has been suggested that early analgesia
actually improves the accuracy of surgical diagnosis.35, 36

[II] Clinical signs of peritonism are not masked by
appropriate opioid analgesia.36[II] A meta-analysis of
prospective trials of ED patients with abdominal pain
receiving opioid analgesia found that there were no
adverse outcomes or diagnostic delays in patients who
received analgesia.38[I]

Evidence in pediatric patients similarly supports pro-
vision of analgesia for patients with abdominal pain.39, 40

[II] The provision of analgesia did not impair the ability
to make a diagnosis by pediatric emergency physicians or
surgeons.

Despite this evidence, attitudes are changing slowly.
There is still reluctance among some clinicians to pre-
scribe analgesia for both adult and pediatric ED patients
with abdominal pain.41, 42, 43[III] Attitudes reported by
surgeons suggest that they believe that analgesia should be
delayed until surgical review has occurred.44[III]

If abdominal pain is severe, opioids are often required.
Although it has previously been recommended that
pethidine be used in preference to morphine, particularly
for renal and biliary colic due to the theoretical risk of
spasm, there is no evidence to support this position.12

Renal colic

Patients with acute renal colic usually present to ED with
severe pain.45 Patients are often distressed and require
rapidly administered analgesia.

The pathological basis of the pain of renal colic is
increasing wall tension from the obstructing calculus that
causes localized release of prostaglandins, that in turn
induce vasodilation and diuresis that further increase
pain.46, 47

Most of the evidence regarding the ED management of
renal colic examines the use of opioid analgesics, NSAIDs,
or both. Unfortunately, studies use differing doses of
drugs and routes of administration making it difficult to
compare them. In particular, in some studies, the drugs
that are being compared are not in equipotent dosages.

Titrated i.v. opioids have traditionally been the
mainstay of treatment and provide rapid analgesia.48[II]
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Incremental doses should be given as described
above under Opioids. It was thought that pethidine
caused less smooth muscle spasm, but this has not been
found to be clinically relevant.12[II] Morphine is the
analgesic of preference for reasons described above under
Opioids.

NSAIDs provide effective analgesia for renal colic and
act by inhibiting prostaglandin synthesis – the basis of the
pain. In comparing NSAIDs and opioids, the evidence
shows that patients treated with opioids have a lower pain
score than a NSAID-treated group at ten minutes, but
there was no difference between groups at 30 minutes.48

[II] Given that renal colic often causes severe pain, this
earlier onset of analgesia with opioids is likely to be
clinically relevant to patients. A significant problem with
NSAID–opioid comparisons is that they often compare
the response to a single dose of an NSAID with a single
bolus of an i.v. opioid. However, considerable variability
in opioid requirement has been documented,49[V] so
comparisons of single doses may not be reflective of
everyday clinical practice.46

With respect to the effectiveness of injectable NSAIDs,
ketorolac 30mg i.m. was reported to be as effective as
pethidine 100mg i.m., with no difference in the propor-
tion of patients improving at one hour between groups.50

[II] Fifty-six percent of patients treated with ketorolac
required supplementary opioid analgesia. Intravenous
ketorolac 60mg was compared with i.v. pethidine 50mg
i.v. and a combination of both and it was reported that
ketorolac was more effective at reducing pain at 30
minutes than pethidine.51[II] This comparison is, how-
ever, biased as the doses of agents being compared were
not equipotent. Approximately 75 percent of all patients
studied required supplementary opioid analgesia. Based
on this evidence, ketorolac as a single agent in either a 30-
or 60-mg dose could not be recommended for treatment
of moderate–severe renal colic. Some evidence suggests
that rectal NSAIDs are as effective as i.v. NSAIDs.52

Some evidence questions whether NSAIDs have any
role in the acute ED management of renal colic. Neither
NSAIDs (indomethacin and diclofenac) nor the cyclo-
oxygenase-2 inhibitor rofecoxib have been shown to
reduce narcotic requirements in patients with renal
colic.45[III], 53[II]

NSAIDs (both oral and rectal) are effective in mana-
ging pain after ED discharge, decreasing the frequency
and severity of recurrent episodes of pain.54, 55[II]

No high quality trials evaluating the effectiveness of
anti-muscarinic medications such as hyoscine-N-butyl-
bromide (scopolamine) as single agents in renal colic
could be identified. When studied in combination with
other agents (opioids or NSAIDs), the evidence does not
show a difference in additional analgesic requirements
when patients are or are not treated with adjuvant
anti-muscarinic medications.56, 57, 58[II] Anti-muscarinic
agents are not recommended for the treatment of acute
renal colic in the ED.

Biliary colic

So-called ‘‘biliary colic’’ is caused by impaction of a
gallstone in Hartmann’s pouch of the gall bladder or in
the cystic duct.59, 60 This leads to a series of events causing
cellular injury which result in release of lysosomal
enzymes, phospholipase, lecithin, and prostaglandins
causing pain and inflammation.

Patients with biliary colic often report severe pain. The
choices for analgesia are opioids, NSAIDs, anticholinergic
medications, or a combination of these.

Patients with severe pain or who are vomiting should be
treated with parenteral opioids.61 For reasons discussed
above under Opioids, titrated i.v. dosing is recommended.
Historically, pethidine has been the analgesic of choice for
biliary colic. This is based on the belief that morphine may
increase pain by causing contraction/spasm of the
sphincter of Oddi, whereas pethidine does not have this
effect. Unfortunately, this is based on intraoperative
manometry studies62, 63 and did not examine clinical
outcomes. To date, there are no data directly comparing
the effectiveness and side effects of these agents, so neither
can be recommended above the other.

NSAIDs are also effective in treating the pain of biliary
colic, having their action by inhibition of prostaglandin
synthesis. Intramuscular diclofenac has been shown to be
more effective than placebo.60[III], 64[II] Ketorolac 60mg
i.m. has been found to be as effective as i.m. pethidine
(1.5mg/kg up to 100mg).65[II] Intravenous ketorolac
30mg was found to provide similar analgesia at 30
minutes, one and two hours to pethidine 50mg i.v.61[II]
with a lower incidence of nausea. Most of these studies
have compared effectiveness at 30 minutes or longer. It is
known that NSAIDs require at least 15–30 minutes for
onset of analgesia even if given parenterally.66[II] So for
severe pain, it is appropriate to use titrated i.v. opioids
initially followed by NSAIDs.

For those with mild pain, analgesia should be tailored
accordingly with NSAIDs being the treatment of choice,
unless contraindicated.

A short course of NSAIDs may decrease the risk of
progression to cholecystitis as prostaglandin synthesis is
reduced.60[III]

Anticholinergic drugs are of little benefit in the ED
management of biliary colic.67, 68, 69[II] Glycopyrrolate
showed no benefit over placebo.69[II] Hyoscine-N-butyl-
bromide, long a favored treatment for biliary colic, gave
less pain relief when compared with NSAIDs.67, 68[II] The
onset of action of hyoscine-N-butylbromide was also
slower and there were more recurrent episodes of pain in
patients given hyoscine-N-butylbromide.

Ischemic cardiac chest pain

There is a little high-quality evidence comparing treat-
ments for acute ischemic cardiac pain. Recommendations
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in this section are based on evidence where available,
published evidence-based consensus guidelines70, 71 and
the principle as described previously of using specific
agents before nonspecific ones.

Initial treatment for suspected ischemic cardiac chest
pain should be with aspirin (as an anti-platelet agent,
rather than an analgesic) and nitroglycerin, usually
administered sublingually. Should pain persist or hypo-
tension, potential interactions (e.g. with sildenafil), or
other adverse effects limit nitroglycerin use, i.v. morphine
titrated to effect is recommended.70[II] Concern has been
raised about the safety of i.v. morphine in this condition.
One registry study has suggested that patients who receive
morphine within the first 24 hours of presentation with
an acute coronary syndrome have higher in-hospital
mortality.72[IV] This result must, however, be regarded
with caution as it was based on retrospective registry data.
It does, however, highlight that current analgesia path-
ways in cardiac pain are not based on robust evidence.

Urgent efforts should be made to determine whether the
patient has clinical and electrocardiogram (ECG) criteria
for emergent reperfusion as reperfusion treats the pain but,
more importantly, reduces mortality and morbidity.71

Although in theory, supplemental oxygen might be
considered indicated on the basis that it might limit
damage by increasing myocardial oxygen supply, it has
not been shown to impact the hard outcomes of myo-
cardial ischemia, morbidity, and mortality.70[II], 73[I]
That said, there is general agreement that supplemental
oxygen should be applied to patients who are hypoxic or
in respiratory distress, with the aim of achieving oxygen
saturations of greater than 90 percent.70[II]

Nitroglycerin or diltiazem administered as i.v. infu-
sions are options if pain is difficult to control. Intra-
venous nitroglycerin, at infusion rates of 5–50 mg/minute,
has been reported to reduce episodes of chest pain in
patients with clinical unstable angina when compared to
placebo.74[II] There is some evidence that, in patients
who have suffered myocardial infarction, i.v. nitroglycerin
may reduce infarct size.75[IV] These data, however, pre-
date the use of reperfusion therapies. Intravenous diltia-
zem, at a dose titrated to effect of between 1 and 5mg/kg
per minute, has been reported to be effective in 94 percent
of patients with few side effects.76[III] When compared to
intravenous nitroglycerin in small studies, intravenous
diltiazem is reported to result in less refractory angina
than intravenous nitroglycerin.77, 78, 79[III] Bradycardia
may occur, but is usually resolved by reducing the infu-
sion rate.76 There is no convincing evidence that either
drug by infusion reduces mortality.

Beta-blockers may have a place in selected patients who
do not achieve control of chest pain with the above agents.
The rationale for their use is that they reduce myocardial
oxygen demand by reducing heart rate and contractility.
The reduction in heart rate also results in a greater pro-
portion of diastole in the cardiac cycle, thus theoretically
allowing more coronary perfusion time. Cohort studies of

esmolol and metoprolol infusions have reported reduction
in pain intensity and frequency.80[II], 81[III], 82[IV] When
compared to titrated i.v. morphine, both treatments resulted
in significant reductions in pain, but morphine was effective
faster.80[II] Indicative doses of esmolol are 2–24mg/minute
titrated to reduce the heart rate and systolic blood pressure
product by 20–25 percent. Indicative doses of metoprolol
are 2.5–5mg every five to ten minutes as intermittent
boluses or 3mg/minute as an infusion titrated to heart rate,
blood pressure, and effect. Beta-blockage is contraindicated
in patients with bradycardia, advanced atrioventricular
block, hypotension, significant pulmonary congestion, or
severe chronic obstructive airways disease.

Migraine

Only a small proportion of migraine sufferers present to
ED for treatment. Evidence suggests that as much as 80
percent of them have tried their usual medications before
attending ED,2, 3, 83 making them different from the general
migraine population. Choice of treatment in the ED will
depend on whether the sufferer has tried their usual
medication, the presence of nausea, and/or vomiting, and
previous allergies or reactions. For many ED patients,
parenteral treatment is the most appropriate choice.

Interpreting the evidence regarding ED treatment of
migraine is challenging as the majority of the studies have
small sample sizes, compare different agents, or combi-
nations of agents, are set in different treatment settings
(e.g. home, GP, clinic, ED), and test a variety of outcomes.
Because the ED migraine population appears to be dif-
ferent from the general outpatient population, the data
presented here are based on studies in ED unless other-
wise stated. Non-ED migraine treatment options and
treatment of mild migraine are discussed in Chapter 34,
Headache in the Chronic Pain volume of this series.

For mild to moderate migraine without nausea and
vomiting in patients who have not tried an anti-migraine
agent for this episode, aspirin in a dose of 1000mg or the
combination of aspirin 600mg and metoclopramide
10mg orally may be effective.84, 85[II] Acetaminophen has
not been shown to be superior to placebo.86[II]

For severe migraine, the evidence suggests that the
most effective agents are the triptans (sumatriptan and
related agents) and phenothiazines (chlorpromazine and
prochlorperazine) (see Table 19.1). Metoclopramide and
ketorolac are also commonly used. The pooled clinical
success rates and number needed to treat from published
ED studies are shown in Table 19.1. Only agents with an
aggregate of 50 patients or more have been included.
Pediatric studies have been excluded.

Opioids are not indicated for the treatment of
migraine, despite being commonly used in some coun-
tries.87[IV] There are no placebo-controlled studies
demontrating their effectiveness in this context. Only one
small clinical trial2[II] has investigated the effectiveness of
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pethidine without adjuvant anti-emetic or phenothiazine,
reporting a clinical success rate of 56 percent. This is
considerably lower than other available treatments. Any
benefit must also be balanced against the potential for the
development of dependence.

In the ED setting, non-oral preparations of triptans are
usually required. Clinical trials of sumitriptan in the ED
setting have reported clinical success rates of approximately
71 percent.88, 89[II] There are also a significant number of
non-responders (up to 25 percent).88[II] It is important to
note that triptans are contraindicated in patients with a
history of ischemic heart disease, uncontrolled hyperten-
sion, or the concomitant use of ergot preparations.

The mechanism by which chlorpromazine and other
phenothiazines act in migraine remains uncertain, but is
most likely the result of a combination of actions. Dosing
regimens of chlorpromazine include 25mg in 1-L normal
saline over 30–60 minutes, repeated if necessary, or bolus
doses of 12.5mg intravenously, repeated every 20 minutes
as needed to a maximum dose of 37.5mg accompanied by
intravenous saline to avert postural hypotension. Pro-
chlorperazine is administered at a dose of 12.5mg intra-
venously. Haloperidol administered as 5mg in 500mL
normal saline has been reported to given siginificant pain
relief in more than 80 percent of patients in two small
randomized controlled trials.90, 91[II] All agents may
cause sedation, akathesia, or uncommonly, dystonia.

Other agents that have been tried in the ED manage-
ment of migraine are ergot alkaloids (e.g. dihy-
droergotamine), lidocaine (lignocaine), magnesium,
dexamethasone, octreotide, and valproic acid. Inter-
pretation of the evidence is difficult because of the small
sample sizes in most of these studies. Intravenous lido-
caine92 and subcutaneous octreotide93 have not been
shown to be superior to placebo. [II] Intravenous valproic
acid (valproate sodium) has not been shown to elicit
significant improvement and was inferior in effectiveness
to prochlorperazine.94[II] The effectiveness of dihy-
droergotamine is difficult to interpret because it is often
used in combination with other agents (e.g. metoclo-
pramide). However, it has also been shown to be less
effective than chlorpromazine95[II] and sumatriptan96[II]
in acute treatment, and to have a high rate (o55 percent)
of unpleasant side effects.95[II] The efficacy of intrave-
nous magnesium sulfate (1 or 2mg) remains unclear with

conflicting results.97, 98, 99[II] Intramuscular droperidol
has been shown to be moderately effective, but a 13
percent rate of akathisia100[II] and a ‘‘black box’’ warning
regarding side effects limit its utility.

Fractured neck of the femur

Fractured neck of the femur occurs most commonly in the
elderly and available evidence suggests that provision of
analgesia is poor.1 One Australian study reported that only
49 percent of patients with fractured neck of femur received
analgesia in the ED and that the median delay was 2.75
hours.101[IV] AUS study found that patients with fractured
neck of the femur were less likely than other lower extre-
mity fractures to receive analgesia in the prehospital setting
(11 versus 32 percent).102[IV] Reasons for this are not clear,
but may include patient factors such as cognitive impair-
ment, advanced age, and comorbidities and ED factors,
such as assignment of low priority to this patient group.

In the early ED phase, titrated i.v. morphine is
appropriate to gain initial pain control. Titration incre-
ments are usually smaller because of the sensitivity
to opioids common in the elderly, but should occur at
frequent intervals until pain is controlled.

Available evidence suggests that femoral nerve or
‘‘three-in-one’’ local anesthetic blocks can provide good
analgesia for patients who have had surgery for fractures
of the femoral neck. This approach may also be useful in
the ED, either as single injections or via a catheter.
Fletcher et al.103[II] compared ‘‘three-in-one’’ femoral
nerve block using bupivacaine plus i.v. morphine with i.v.
morphine alone and found that the combination had a
faster time to analgesia and lower morphine requirements
in the first 24 hours.

Preoperative traction (skin or skeletal) has not been
shown to provide an analgesia benefit when compared to
support with pillows or similar.104, 105, 106[II] In fact, the
trend is towards increased pain if traction is used.104, 105[II]

Wounds

Local anesthesia is often required for the treatment of
wounds. Two routes of administration are in common use

Table 19.1 Pooled effectiveness data from emergency department studies of the treatment of migraine.

Agent No. of studies Total patients Clinical success rate (%) NNT: Clinical successa

Chlorpromazine 6 171 85 1.7

Prochlorperazine 4 113 79 1.9

Sumatriptan 5 659 69 2.3

Metoclopramide 5 169 67 2.4

Ketorolac 6 155 66 2.4

Tramadol 2 174 59 2.9

aCalculated as 1/% success of active agent – % success placebo (assumes placebo success of 25%).
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in the ED: local infiltration and topical application.
Regional nerve blocks may also be appropriate in selected
cases (see Chapter 12, Continuous peripheral neural
blockade for acute pain).

For local anesthesia by infiltration, the choice between
short-acting agents, such as lidocaine, or long-acting
agents, such as bupivacaine, will depend on the duration
of anesthesia required and whether analgesia post-pro-
cedure is desirable. Infiltration via the wound rather than
the surrounding skin has been shown to reduce the pain
of infiltration,107, 108[II] as has warming of injected
solution.109, 110[II] There are conflicting data about
whether buffering of lidocaine reduces the pain of infil-
tration.111[II] Speed of injection does not appear to alter
pain of infiltration.111[II]

Topical anesthetic preparations such as ALA (epi-
nephrine (adrenaline), lidocaine, amethocaine) have been
shown to be effective alternatives to infiltration of local
anesthesia for selected simple lacerations,112, 113[II], 114

[III] It has also been shown to reduce the pain of infil-
tration when supplemental infiltration of anesthesia was
required.112

In patients with sensitivity to local anesthetic agents,
infiltration of diphenhydramine may provide adequate
analgesia.115[V]

Analgesia for fracture and dislocation
reduction

Analgesia for the management of limb fractures and
dislocations in the ED requires both pharmacological and
nonpharmacological treatments. Nonpharmacological
methods include splinting, traction devices, elevation,
and mobility assistance devices, such as crutches for lower
limb injuries.116[II]

Reductions of displaced limb fractures and dislocations
that are performed in the ED are either for definitive
management of those that can be treated and discharged
or interim management of the subset who will require
fixation for definitive treatment, but require urgent
reduction due to concerns regarding nerve injury, vascular
compromise, skin integrity, blood loss, or pain control.

Initial pain management for patients with fractures or
dislocations causing significant pain should be with
titrated i.v. opioids at the doses previously described.
Reasons for this are rapidity of pain control and main-
tenance of fasting status in patients who are likely to need
sedation or anesthesia. This should not be delayed while
awaiting x-ray confirmation of the injury.

Pharmacological treatment for reduction of fractures
and dislocations in the ED usually requires sedation or
anesthesia (local or regional), in addition to analgesia.
Separation of these is difficult. A full discussion of pro-
cedural sedation in the ED is not within the remit of this
chapter and local and regional blocks are discussed else-
where. That said, this section addresses the principles

involved and the evidence where it is available. As in other
areas, there is very little high quality evidence comparing
the different techniques of analgesia for fracture and
dislocation reduction in the ED and the numbers in these
studies are small.

The choice of method of analgesia will depend on the
site of the injury (and its amenability to local regional
anesthesia), patient age, the compliance of the patient,
comorbidities, the urgency of the reduction, and the desired
outcome (definitive reduction versus interim reduction).

Morphine, fentanyl, and pethidine are the opioids most
commonly used in conscious sedation for fracture reduc-
tion in the ED. There is limited evidence evaluating the
benefits of one over another when combined with a
sedating agent. In a small study, Soysal et al.117[II] have
reported equal effectiveness of pethidine and fentanyl when
combined with midazolam in adult fracture reduction.

Ketorolac, when added to a midazolam/fentanyl com-
bination, did not result in significant additional analgesia
nor did it provide significant opioid sparing.118[II]

The dissociative anesthetic, ketamine, has been used as
an alternative to opioid analgesia in fracture reduction in
children. It has the advantage of being able to be admi-
nistered i.v. or i.m. with usual initial doses 4mg/kg for i.m.
administration and 0.5–1mg/kg for i.v. administration.
One study has suggested that the combination of ketamine
and midazolam is safer than fentanyl and midazolam in
pediatric fracture and dislocation reduction in the ED,
resulting in fewer respiratory complications, such as
hypoxia.119[II] That study also reported lower distress
scores (scored by independent observers who reviewed
videotapes of the procedures) and parental ratings of pain
in the ketamine group. The only disadvantages to ketamine
were an increased incidence of vomiting and a longer
recovery time. Ketamine/midazolam has also been com-
pared to nitrous oxide inhalation combined with hema-
toma block for the reduction for forearm fractures in
children.120[II] Both combinations resulted in minimal
distress during the reduction procedure, but the nitrous
oxide/hematoma block combination had less adverse
effects and shorter recovery time.

Propofol has also been used in combination with
opioids, in particular fentanyl, as analgesia/sedation for
fracture reduction in both children and adults. A recent
systematic review comparing propofol/fentanyl with keta-
mine/midazolam and fentanyl/midazolam concluded that
ketamine/midazolam seemed to be more effective and have
fewer adverse events than the other combinations.121[I]

Forearm fractures

Hematoma block can be used for the ED reduction of both
wrist and ankle fractures.116, 122, 123[III] This involves
injection of local anesthetic into the hematoma associated
with the fracture. In comparison with conscious sedation
without anesthesia, it has been reported that patients who
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underwent a hematoma block for fracture reduction had
greater pain score reductions.122, 123[III] The numbers in
these studies are small, but in neither study were there any
adverse effects from the local anesthetic agent nor were
there any cases of osteomyelitis. Similar effectiveness to a
ketamine/midazolam combination was reported when
hematoma block was combined with nitrous oxide in
children.120[II]

Intravenous regional anesthesia (IVRA, also known as
Bier’s block) is an alternative method of anesthesia for
forearm fracture reduction. It is relatively simple to per-
form, is low risk, has a rapid onset of action, rapid
recovery, and does not depress conscious level and hence
risk airway compromise.124[IV] It does, however, require
training and special equipment, but an anesthetist is not
necessarily required. It also requires patient cooperation,
so is not suitable for the very young or those with cognitive
impairment. It has been used successfully in children as
young as three years.125[III] IVRA has been reported to be
very effective as analgesia for reduction of wrist fractures126

[II] and forearm fractures.125[II] A recent Cochrane review
reported that, when compared with hematoma block,
IVRA provided better analgesia during fracture manip-
ulation and enabled better and easier reduction of the
fracture with a trend towards reduced risk of later redis-
location or need for rereduction127[I] (see Chapter 7,
Clinical pharmacology: local anesthetics).

There is only one study comparing IVRA with nitrous
oxide inhalational analgesia for fracture reduction. That
small study (28 children) found that there was no dif-
ference in pain scores between the two groups, but was
probably underpowered to detect a difference.128[III]

Nerve blocks have been reported as being effective for
the ED treatment of forearm fractures in both children
and adults. These include axillary blocks129[III] and
combined median, ulnar, and radial nerve blocks at the
elbow.130[II] These also require training and experience in
order to achieve acceptable success rates.

Shoulder dislocation

While conscious sedation is the most common analgesia
used for the reduction of shoulder dislocations, there are
two randomized trials reporting on the effectiveness of
intra-articular lidocaine in this context. Typically, 20mL of
1 percent lidocaine is used. Both studies report no difference
in pain scores or procedural success when comparing intra-
articular anesthesia to i.v. conscious sedation.131, 132[II]
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KEY LEARNING POINTS

� Historically, pain management in the field has been

considered an unrealistic luxury.
� All anesthesiologists should be prepared to provide pain

management in austere conditions since recent disasters

and terror events underscore how fragile modern

medical infrastructure can be.
� The challenges of austere environment pain

management include weather, terrain, equipment,

logistics, and personnel safety.
� The key resource for any effective acute pain response

in war or disaster centers is the trained personnel that

make up the acute pain service (APS) team.

� Successful pain management in the field requires

multimodal analgesic therapy to reduce the unwanted

side effects of each individual medication.
� Regional anesthesia can be utilized successfully in the

field.
� Novel pain control technologies (e.g. iontophoresis,

intranasal ketamine) have the potential to greatly

enhance pain management.
� Effective acute pain management can significantly

enhance the effectiveness of the healthcare response

during war or disaster.

AN UNREALISTIC LUXURY?

During the battle of Chancellorsville in 1862, Confederate
General Thomas J ‘‘Stonewall’’ Jackson was performing a
late evening reconnaissance when he was shot in the left
arm and right hand by musketry coming from his own
soldiers. Suffering much from the pain of the wounds, he
was brought to the field hospital of Dr Hunter McGuire

by a horse-drawn field ambulance. During his transport,
the general’s pain was eased by drinking whiskey. Jackson
was then transported on to the Confederate II Corps
hospital during which more whiskey and some morphine
were administered. Early the following morning, Dr
McGuire amputated Jackson’s left arm two inches below
the shoulder. He was assisted in the operation by Dr JT
Coleman who administered chloroform to the general for



the amputation. As the general succumbed to the effects
of the chloroform, he is reported to have murmured,
‘‘What an infinite blessing.’’1

This description of General Jackson’s mortal wounding
in 1863 illustrates many of the complex issues involved in
managing pain in austere environments. The general
received a traumatic wound in the field, during the chaos
of war, while far from a field hospital. He required rapid
transport to appropriate medical services over rough
terrain which exacerbated the pain of the wound, further
complicating the injury. Pain management strategies and
technologies were inadequate during the general’s trans-
port and at the field hospital. Finally, physician under-
standing of pain mechanisms, treatment, and
consequences were limited. While the treatment of trau-
matic wounds sustained during war or disaster has
advanced significantly since the nineteenth century,
improvement in acute pain therapy for traumatic injury
has been far less dramatic.2 Even now in the twenty-first
century, the ‘‘infinite blessing’’ of effective acute pain
management in field and disaster situations remains an
elusive goal.

Friedrick Serturner, a German pharmacist, first isolated
morphine from opium in 1805.3 Morphine and other
opioid drugs have played a major role in austere envir-
onment pain management ever since, particularly in the
military. The preeminence and success of opioid medi-
cations in pain management is without question. How-
ever, their use is not without significant side effects4, 5, 6

that are undesirable in the most advanced medical setting;
they are potentially devastating in the field environment.
Opioid use in austere environments is further complicated
by international regulations governing transportation
and use of these medications. Despite these drawbacks,
morphine has essentially been the only answer for pain in
austere conditions for over 200 years.

The reasons for the unhurried development of acute
pain management technology for field applications are
numerous. The science of understanding pain mechan-
isms and associated morbidity is relatively new. Multi-
modal pain treatment beyond morphine (e.g. new drugs,
drug delivery technologies, adjunct therapies) remains
controversial.7 Before the advent of modern anesthesia
practice, patients wholly depended upon speedy surgeons
to limit suffering. Even after the discovery of ether, many
surgeons considered anesthetic agents unnecessary, or
even detrimental to a patient’s recovery.8 Historically,
pain has been thought an unfortunate and unavoidable
consequence of trauma and surgery. For many physicians
practicing under harsh conditions, the treatment of pain
must have seemed an unrealistic luxury. In the past few
decades, attitudes concerning pain have changed radically
from this antiquated view. Perhaps the most significant
change in physician attitudes concerning pain science has
been the realization that pain should be considered a
disease state of the nervous system, rather then just a
symptom of disease or trauma.9 Emphasis on effective

pain management within the United States medical
community has been embodied by the Joint Commission
on Accreditation of Healthcare Organizations labeling
pain as ‘‘the fifth vital sign.’’10

In this chapter, the challenges and advantages of
effective pain management in field and disaster situations
will be explored. Additionally, recent advances, new
technologies, and future possibilities in austere environ-
ment analgesia, beyond morphine, will be examined.

DEFINING AUSTERE ENVIRONMENTS – THE
BATTLEFIELD IN YOUR BACKYARD

In the developed world, healthcare providers need only
take the briefest moment to recognize the insulating
cocoon of technology that surrounds them and facilitates
their healthcare activities. From the moment of injury, the
infrastructure of modern society imparts tremendous
advantages to the trauma victim and to the healthcare
providers caring for them. Patients in the developed
world are rapidly transported by trained personnel to
medical centers in motor vehicles or aircraft packed with
lifesaving technology. Current urban transportation
infrastructure (e.g. maintained roadways, communica-
tions towers, air traffic control) facilitates this fast
response and travel. Upon arrival at the medical center,
physicians and nurses have a cornucopia of devices,
medications, and machines to diagnose, support, and
maintain bodily functions. Modern infrastructure, pro-
viding clean tap water, artificial light on demand, climate
control, and power for every electronic device, is at the
ready for patient care. In short, the resources and infra-
structure of the developed world impart significant
advantages in the quality and availability of healthcare
services following injury. The ability to manage pain with
advanced technologies and techniques under these con-
ditions is a realistic expectation of the physician and
patient.

Recent events, such as the World Trade Center attack,
Indian Ocean tsunami, London train bombing, Hurricane
Katrina and South Asian earthquake, underscore how
modern infrastructure is discouragingly fragile and easily
disrupted. While the developed world’s mastery of
environment, upon which modern medicine depends, is
truly awesome in its potential, the sudden loss of that
infrastructure is a constant and unpredictable threat.
Healthcare providers, complacent in the constancy of
their modern technologic medical environment, in an
instant may find themselves thrust into the austere
environment realities faced daily by providers in the
developing world. The healthcare crisis affecting thou-
sands in the United States following Hurricane Katrina
underscores the need for improved disaster medical
planning.11, 12 Battlefield or disaster medicine can literally
arrive in the provider’s own backyard without warning.
For the unprepared, pain management issues that are
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difficult in the most modern settings can quickly become
overwhelming. Conversely, effective medical planning and
forethought for austere environment medicine, particu-
larly in the management of casualty pain, can significantly
lessen the impact man-made and natural disasters have
on patients and healthcare providers alike.

CHALLENGES

The challenges of planning for and managing acute pain
in an austere environment are myriad but can broadly be
categorized into issues relating to:

� extremes in weather;
� extremes in terrain;
� facility and equipment;
� logistics;
� personnel safety.

Weather extremes are often the inciting condition that
triggers the need for acute pain medicine services in an
austere medical environment. The devastation of the
major population center in New Orleans, Louisiana from
Hurricane Katrina has continued to plague the city’s
medical infrastructure months after the disaster.13 Any
pain management plan must factor in the prolonged loss
of basic services and facilities that might render the use of
many common analgesic medications or procedures
impractical or dangerous. Exposure to temperature
extremes following a disaster in which climate control is
lost can affect patient health, damage equipment, degrade
medications, and adversely impact on healthcare provider
performance.

Local geography and terrain are vital considerations in
planning for pain management following a disaster. The

remoteness and mountainous topography of the South
Asian earthquake or the sheer size of the devastation
wrought by the Indian Ocean tsunami underscore the added
complexity terrain can bring to healthcare efforts.14, 15

Terrain extremes can impede or prevent health professionals
from reaching patients, limit communication to areas out-
side the effected area, and curtail resupply of consumable
medical supplies.

Many of the difficulties of providing healthcare in
austere environments can be mitigated by transporting
modern medical infrastructure into the disaster area, thus
freeing the provider from local resource limitations. An
example of this approach is the deployment by the United
States military of a combat support hospital (CSH)
(Figure 20.1), which provides services comparable to a
modern civilian community hospital on the battlefield.16

A civilian version of this type of facility called a deploy-
able rapid assembly shelter and surgical hospital
(DRASH) sponsored by the Federal Emergency Manage-
ment Agency was deployed in December 2003 to Bam,
Iran following a major earthquake.17 While the CSH and
DRASH represent a successful approach to austere
environment medicine, the logistics required to place and
support these facilities are likely beyond the capabilities of
most disaster planners. Nevertheless, facilities of this type
provide an excellent proving ground for new pain tech-
nologies and protocols designed for austere environment
medicine. The success and failures in managing pain by
these modern austere environment medicine facilities will
serve as a guide for medical planners working to improve
pain management in future times of war or disaster. The
ability to provide effective pain management must be
integral to deployable facility design and equipment
selection for any austere environment medical mission.
For reasons outlined later (see Advantages of effective
pain management in field and disaster situations), acute

Figure 20.1 Twenty-first Combat Support

Hospital, Balad, Iraq in 2003.
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pain management should become a primary goal of
disaster medical planning rather than an afterthought.

A popular adage in the United States military is
‘‘armchair generals think of strategy, whereas profes-
sionals study logistics.’’ The success of any medical effort
in time of war or disaster depends upon the ability to
efficiently get medical personnel and material into the
region of the austere environment medical mission.
Having a trained acute pain physician on the scene
without medications or equipment to employ in pain
management essentially negates the advantages of having
that medical asset. Medication and equipment selection
for a particular mission is also of prime importance.
Variables to consider when selecting pain management
supplies and equipment include:

� medication storage and shelf-life requirements;
� size and weight of desired medications;
� medication side-effect profile;
� equipment environmental operating parameters, size,

and weight;
� equipment power requirements (voltage, plug

configuration, battery life);
� medication or equipment consumable requirements;
� available pain management protocols;
� special requirements for pain medication or

equipment use based on mission constraints or
interservice differences.

The last point has been particularly important in intro-
ducing new pain technologies to the modern battlefield
for the United States military. For example, initial efforts
to introduce continuous peripheral nerve block (CPNB)
pumps and patient-controlled analgesia (PCA) pumps
were thwarted due to interservice pump technology
requirement differences between the army, air force, and
navy. Pumps used in the army CSH for pain control could
not follow the patient on air force medical evacuation
flights because they had not undergone airworthiness
certification for use on military aircraft.18 The advantages
of these advanced pain management techniques were lost
if the soldier could not enjoy the benefits of the tech-
nology during long evacuation flights. In response to this
issue, the triservice Military Advanced Regional Anes-
thesia and Analgesia (MARAA, www.arapmi.org) orga-
nization was formed as a committee of the Uniformed
Services Society of Anesthesiologists (USAA – a compo-
nent society of the American Society of Anesthesiolo-
gists).19 This organization has improved interservice
communication and decision-making for battlefield pain
control and has been instrumental in coordinating the
efforts of the three services in improving pain manage-
ment for wounded soldiers. The MARAA committee is
directly responsible for the establishment of battlefield
CPNB pump and PCA pump technology for the
United States military, particularly on medical evacuation
flights. The triservice cooperation and communication

demonstrated by MARAA in the current conflicts should
serve as a model for other war or disaster logistics plan-
ners tasked with developing pain medicine responses that
depend upon multiple and diverse agencies working
together for success.

Finally, any plan for austere environment pain man-
agement must include healthcare provider safety as a key
component. Healthcare providers participating in mis-
sions outside their home country should incorporate into
their planning as much information about the mission
country as possible to ensure appropriate clothing and
personal safety. Medical planners can use The world
factbook, updated annually by the Central Intelligence
Agency (www.cia.gov/cia/publications/factbook), as a
resource tool for finding detailed information on all
countries. Unconventional nuclear, biological, or chemi-
cal (NBC) warfare is a potential threat in any community,
as recent experience has demonstrated (Halabja, Iraq, gas
attack 1988; Tokyo subway, sarin gas attack 1995; and
anthrax mail attacks of 2001). Medical providers should
educate themselves on available NBC personal protective
equipment and seek opportunities to train with protective
gear. Excellent resources for learning more about poten-
tial NBC threats can be found on the Internet from
sources such as eMedicine (www.emedicinehealth.com/
collections/CO1542) or the National Library of Medicine
(www.nlm.nih.gov). Pain management missions can
occur in areas experiencing extreme violence or war.
Providers in these scenarios should integrate modern
body armor and helmet use into their medical practice.
Recent experience has demonstrated the effectiveness of
modern body armor at reducing the lethality of war
wounds.20, 21, 22 In any austere medical environment,
medical providers must maintain a high level of situa-
tional awareness so that potential threats to health and
safety can be quickly identified and managed. Including
additional personnel tasked solely with medical mission
security is a sound approach to ensuring the medical
response team’s safety.

PAIN MANAGEMENT RESOURCES

Personnel

The absolute key resource for any plan to manage pain in
an austere environment starts with selecting personnel
trained and motivated to treat acute pain aggressively.
Since 1985, efforts to improve perioperative pain man-
agement have centered on the development of acute pain
service teams of healthcare professionals, usually directed
by an anesthesiologist, who are organized and committed
to the management of acute postsurgical pain.23 The
advantages of a dedicated acute pain service (APS) in
improving patient analgesia following surgery and redu-
cing gaps in patient pain care has caused numerous
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healthcare organizations, from many countries, to
recommend guidelines for the creation of APS teams as
an integral function of quality hospital care.24, 25 How-
ever, application of APS guidelines are highly variable
between hospitals.26 The lack of consistency in APS pro-
cedures has made the impact of APS teams on surgical
outcomes difficult to define. Nevertheless, the adoption of
the APS model to austere environment pain management
is a logical approach. Without medical personnel being
tasked specifically with the APS function, pain treatment
will revert to the low priority status it has traditionally
been given by surgeons and anesthesiologists.27 This is
particularly true in the chaotic, high stress, mass casualty
medical environment of the battlefield or disaster scene.

Protocols and guidelines

Pain medication pharmacology and clinical use guidelines
have been described elsewhere within this text. Medica-
tion issues relating to the application of these same drugs
in the field warrants additional comment. The dominance
of morphine and other opioid medications in austere
environment pain management has been noted earlier.
Morphine remains the ‘‘gold standard’’ analgesic to which
all other medications tend to be compared.28, 29 The ease
of morphine administration following the invention of
hollow hypodermic needles and syringes in the 1850s
enhanced use and acceptance of the drug as an effective
treatment for traumatic pain. The use of morphine for
pain was widespread during the American Civil War
(1861–65) and French–German War (1870–71), but a lack
of understanding concerning opioid use and side effects
led to morphine addiction in many soldiers which was
known as ‘‘soldier’s disease.’’30 Despite the potential for
life-threatening side effects with the use of morphine in
extreme environments, the success of opioids in treating
pain in field medicine is beyond dispute. However, the
challenge is developing acute pain protocols and pain
technologies that emphasize the beneficial pain relief
properties of opioids, while minimizing their side effects.
Abraham Maslow (1908–70), an American psychologist
stated, ‘‘If the only tool you have is a hammer, you tend to
see every problem as a nail.’’ This quote could be applied

to the use of morphine by the United States military for
much of its history until recently. Morphine has been the
‘‘hammer’’ historically applied to every battlefield pain
situation since the Civil War. This reliance on morphine
and other opioid medications is understandable since
options for pain management in previous conflicts were
limited, comprehension of pain mechanisms nascent, and
casualties, when they survived, tended to remain static
near the battlefield while they recovered.

Casualty care advances in patients coming from the
conflicts in Iraq and Afghanistan have changed pain
management attitudes and practices in the field envir-
onment. While the lethality of weapons and severity of
wounds continues to increase, paradoxically, casualty
survival has never been higher. United States military
casualties from Iraq and Afghanistan currently have a 90
percent survival rate compared with only 76 percent
during the Vietnam War (1961–73), 67 percent during the
Civil War (1861–65), or 58 percent during the Revolu-
tionary War (1775–83).31 Many factors have contributed
to increased casualty survival. These factors include
emphasis on early advanced surgical care far forward,
improved surgical and critical care techniques, availability
of blood products; advances in body armor; and rapid
ground and air evacuation to major medical facilities
within and outside the war zone, among others.32 The
rapid movement of casualties in the current conflicts, in
particular, has rendered pain management protocols that
emphasize opioids less appealing. Modern combat
casualty care now emphasizes rapid evacuation to pro-
gressively higher levels (Table 20.1) of medical care while
providing critical care support at all times (including
transport). Casualties that would typically remain within
a war zone for days to weeks until they were stable for
transport now are transported by plane to Germany from
Iraq within 8 to 72 hours of injury.33 The crowded, low
light, deafening, jolting, and difficult monitoring envir-
onment of evacuation aircraft only magnify the difficul-
ties in using opioid-only pain control therapy. Healthcare
providers placed in this situation are less apt to use
adequate doses of morphine over valid patient safety
concerns. The high numbers of healthcare providers in
the evacuation chain and long evacuation distances fur-
ther complicate opioid use in these patients. Indeed, it

Table 20.1 Levels of medical care in the United States military.

Levela Capabilities Facility

Level I Self aid, combat medic, battalion surgeon – advanced trauma

life support

Battalion aid station

Level II Resuscitation/stabilization surgery Forward surgical teams

Level III Full operating rooms and specialty care Combat support hospital

Level IV Full service hospital Regional medical center

Level V Reconstructive and restorative care Tertiary medical center

aLevels I to III are located within a war or disaster operational zone. Levels IV and V are typically located outside the war or disaster
operational zone.
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was these very conditions and the significant pain that
casualties were experiencing on evacuation flights that
resulted in the author’s deployment to Iraq to explore
other pain management solutions.34 The key to pain
management in this, or any other austere medical envir-
onment following war or disaster is multimodal pain
therapy, tailored to the austere medicine scenario, in
which opioids are only part of the overall pain medication
plan.

Analgesic medications (multimodal analgesia)

Multimodal analgesia refers to the concept of using
multiple analgesics with different mechanisms of action
that act synergistically to result in improved overall pain
control, while attempting to minimize the unwanted side
effects of each individual medication.35 A significant
advantage of multimodal analgesia in austere environ-
ments is the lower total dose of each drug needed.
Though multimodal analgesic approaches do provide
superior pain control and are opioid-sparing following
surgery, evidence indicating that this approach reduces
drug side effects or improves postoperative outcome is
lacking.36, 37 This controversy aside, multimodal analgesic
practices continue to play an ever more important role in
perioperative pain management.38 The importance of
multimodal analgesic approaches in field medicine is
amplified since it offers a departure from opioid-only
options.

Nonsteroidal anti-inflammatory drugs (NSAID) are an
important class of medications for austere environment
analgesia. Paracetamol (acetaminophen) is a medication
from this class that lacks some of the side effects asso-
ciated with other NSAIDs, such as impaired platelet
function,38 renal function,39 or bone growth.40 Though a
weak analgesic when used alone, paracetamol enhances
the analgesic effects of other NSAIDs41 and morphine42

when used concurrently. Oral NSAIDs block pros-
taglandin synthesis by inhibiting the cyclooxygenase
enzyme, thus reducing the inflammatory response along
with the nociceptive response following injury.43 [I] The
COX-2-selective drugs lack the antiplatelet effects of the
nonspecific COX-inhibiting NSAIDs, but have similar
analgesic effects.44 [I] Prolonged use of the COX-2-spe-
cific drugs is currently controversial due to concerns over
increased cardiovascular events. However, for short-term
use in a field setting, the advantages of these medications
as adjunct analgesics for reducing opioid requirements,
far outweigh their disadvantages by decreasing the pos-
sibility of respiratory depression or over sedation. The
long shelf-life, ease of transport, and small abuse potential
of NSAIDs are additional benefits of these analgesics in an
austere environment. Some United States military units
have developed ‘‘wound packs’’ containing paracetamol, a
COX-2-specific analgesic, and a fluroquinolone that the
soldier is instructed to consume following a penetrating

extremity wound.45 While this approach is too new for
comment on effectiveness, the concept of prepackaged
pain medications for use under defined conditions during
war or disaster warrants further research and develop-
ment. Parenteral preparations of NSAIDs are also avail-
able that further the potential utility of these medications
in field medicine.

Of the N-methyl-D-aspartate (NMDA) antagonists,
ketamine is the most commonly used and well-known
example for use in austere conditions. It has been used
extensively and exclusively for anesthesia in war casualties
in a variety of conflicts and conditions.46, 47, 48 Ketamine’s
cardiovascular stimulating and bronchodilatory activity
coupled with its profound amnestic and analgesic prop-
erties make it particularly useful. For perioperative pain
management, ketamine has been shown to provide an
additive analgesic effect with other medications when
used preemptively,49 in epidural catheters,50, 51 and as an
intravenous infusion following major surgery.52 Small
dose ketamine has been found to be a safe adjuvant to
opioids when reduced narcotic use is desirable.53 [I] A
common concern among providers using ketamine is its
association with ‘‘bad dreams,’’ hallucinations, dizziness,
dysphoria, disorientation, and confusion. In a recent
review, no significant increase in these central nervous
system symptoms was seen in patients receiving ketamine
(via patient-controlled analgesia, intravenous infusion,
continuous intravenous infusion, or epidural) compared
with patients receiving opioids alone.53 Nevertheless, in
the high stress environment of war and disaster medicine,
the use of ketamine should be judicious, low dose, and
reserved for patients whose pain is not adequately con-
trolled with other medications. Subanesthetic concentra-
tions of ketamine at 0.5mg/kg slow bolus injection before
incision for painful procedures, followed by ketamine
0.25mg/kg boluses at 30-minute intervals or a ketamine
infusion of 500 mg/kg/hour has been proposed to reduce
postoperative opioid requirements and diminish nervous
system sensitization.54 For operations lasting more than
two hours, it is recommended that the ketamine dosing
be stopped at least 60 minutes before the end of surgery
to prevent prolonged emergence. Dextromethorphan is
another weak NMDA receptor antagonist that has been
shown to reduce opioid consumption when used orally
and intramuscularly.55 Additional clinical experience is
needed before routine use of dextromethorphan can be
recommended for the field.

Clonidine and dexmedetomidine are a2-adrenergic
agonists that can produce a significant analgesic effect
when used alone or in combination with other analgesics,
without the respiratory depression associated with
opioids. Clonidine’s analgesic properties have been
demonstrated whether administered by the intravenous,56

intrathecal,57 epidural,58 intra-articular59 route, or as an
adjunct to local anesthetics in peripheral nerve block.60

[II] The versatility of clonidine in providing anesthesia in
a variety of clinical scenarios suggests it would be a useful
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addition to any field medicine medication list. Infusion
bolus doses of clonidine at 2–5 mg/kg which can be fol-
lowed by a continuous infusion of 0.3mg/kg/hour has
been described for perioperative pain management.61

Dose-related side effects of clonidine include hypoten-
sion, bradycardia, and sedation. Seven times more selec-
tive for a2-adrenergic receptors though of shorter
duration, dexmedetomidine has also been used for peri-
operative pain management though profound sedation
can complicate its use.62, 63 One important consideration
when using these medications in austere conditions is
their propensity to suppress thermoregulatory responses
thus promoting the development of hypothermia.64

Anticonvulsant medications, such as gabapentin and
pregabalin (along with the NMDA receptor antagonists
already mentioned), are used in acute pain management
as antihyperalgesic drugs to prevent the induction and
maintenance of pain sensitization of the spinal cord
dorsal horn and peripheral nerves following trauma.65 In
theory, preemptive analgesia, using a multimodal
approach, can prevent or at least attenuate the unwanted
neurophysiological and biochemical consequences of
untreated pain.66 Gabapentin at a total dose of 3000mg in
the first 24 hours following abdominal hysterectomy has
been shown to significantly reduce morphine consump-
tion with minimal side effects.67 It has been suggested that
gabapentin use with other analgesic medications may
protect the patient from central sensitization to pain
following surgery, though definitive evidence for this
effect is currently lacking.68 [II] Nevertheless, gabapentin
and pregabalin are currently used routinely in the pain
management of United States military casualties. Avail-
able evidence supports the inclusion of these medications
in a field pain medicine plan.

Other nonopioid medications, such as adenosine,
droperidol, magnesium, neostigmine, and opioid
antagonists, among others, have been used successfully in
the management of postsurgical pain. The clinical
advantages and disadvantages of these unconventional
therapies will require further clarification before recom-
mendations for use in an austere medical environment
can be made.

Regional anesthesia

Regional anesthesia has characteristics that make it par-
ticularly ‘‘field friendly’’ for both anesthesia and analge-
sia.69 Regional anesthesia, beyond spinals and epidurals,
has undergone a renaissance in the last 15 years with
advances in peripheral nerve stimulation techniques, sti-
mulating needles, peripheral nerve catheters, and more
recently, ultrasound technology.70, 71, 72, 73 Advantages of
regional anesthesia include:74, 75, 76, 77, 78

� excellent operating conditions;
� profound perioperative analgesia;

� stable hemodynamics;
� limb-specific anesthesia;
� reduced need for other analgesics (opioids);
� improved postoperative alertness;
� reduced postoperative nausea and vomiting;
� rapid recovery from anesthesia;
� improved sleep and rehabilitation;
� preservation of protective airway reflexes;
� minimal side effects;
� reduced complications;
� simple, easily transported equipment.

When general anesthesia is used as the primary anesthetic
in modern hospitals, the increased incidence of post-
operative pain, nausea, vomiting, and drowsiness are the
most frequently cited causes for prolonged postoperative
stays following ambulatory surgery.79, 80 Delayed recovery
has economic significance in the developed world. In the
resource- and personnel-constrained field environment,
delayed patient recovery can have a profoundly negative
impact on mission success and possibly increase patient
morbidity. Regional anesthesia facilitates evacuation of
alert patients, free of pain and nausea, who can be active
proponents in their own recovery. This is a tremendous
advantage in austere environment medicine since per-
sonnel and supply resources are freed for service on more
acutely ill patients.

Single injection peripheral nerve block (PNB) can
provide superior analgesia with fewer side effects when
compared with other pain control methods.81 [I] The
site-specific mechanism of action for local anesthetics also
complements the use of other pain medications in a
multimodal pain treatment plan. Unfortunately, the
benefits of PNB are lost with block regression in 10–18
hours when long-acting local anesthetics are used. This
length of time is often inadequate to effectively manage
pain following severe trauma or major surgery. This
limitation can be overcome with the use of CPNB tech-
nology that allows placement of an infusion catheter next
to targeted nerves for sustained infusions of local anes-
thetic. First described by Ansboro82 in 1946, CPNB
catheters have been demonstrated to provide effective
surgical anesthesia,83, 84 prolonged postoperative analge-
sia,70, 85 reduced opioid requirements,86 improved reha-
bilitation,87, 88, 89 and safe application outside the
hospital.90 [II] The utility of CPNB in the combat casualty
environment was first described in a soldier who sus-
tained a left calf injury from a rocket propelled grenade in
2003.91 He arrived at the combat support hospital within
one hour of injury complaining of severe pain despite
titration of morphine 18mg intravenously prior to his
arrival. A left lumbar plexus CPNB and a left sciatic nerve
CPNB was placed before surgery which relieved his dis-
comfort. The patient underwent surgery using the nerve
blocks and light sedation. Postoperatively he was alert,
pain free, and communicating with soldiers from his unit.
The lumbar plexus and sciatic catheters were subsequently

380 ] PART III MANAGEMENT – CLINICAL SITUATIONS



infused with 0.2 percent ropivacaine at 6mL/hour and
10mL/hour, respectively. He also had a patient-controlled
bolus function for an additional 2mL of local anesthetic
every 20 minutes to the sciatic catheter as needed. These
catheters controlled his pain during a 40-minute heli-
copter and five-hour flight during which he did not
require any morphine. The pain was managed with
catheters for an additional 16 days as he traveled back to
the United States. During this time, the catheters were
used to establish surgical blocks for five operative pro-
cedures and provide continuous perioperative analgesia.
This case illustrates the advantages of CPNB technology
for austere environment pain management: prolonged,
titratable analgesia; access to reestablish dense nerve block
if needed for surgery; and minimal requirements for
opioids, which reduced sedation risk and monitoring
requirements. Since this first report, hundreds of soldiers
have had CPNB catheters placed for surgical anesthesia
and perioperative pain management of their wounds.
Many of these catheters have been placed in the austere
medical conditions. In the author’s experience as an
anesthesiologist, it was not uncommon to receive multi-
ple casualties. After unstable patients had been success-
fully managed in the operating room, stable patients
waiting for operating room availability were given various
CPNB blocks if their wounds were amenable. This pro-
vided preoperative pain management, facilitated operat-
ing room patient flow, and preserved anesthetic resources
since general anesthesia was often avoided.

Stojadinovic et al.92 recently outlined the advantages
and safety of regional anesthesia in a series of 287 war
casualties treated at Walter Reed Army Medical Center.
In this trauma patient population, catheter-related

complications were rare (11.9 percent), and mostly
technical or minor in nature, for 1718 total catheter days.
Patients with CPNB catheters used them for surgical
anesthesia and perioperative analgesia for a mean of (S.D.,
range) of 9 (5, 1–34) days.

The advantages of advanced regional anesthetic tech-
niques for managing pain in austere environments are
clear, but the application of this technology does have
some limitations. Presently, advanced regional anesthesia
techniques are underutilized in the United States despite
its notable advantages in perioperative pain control.81

Anesthesiology resident training in regional anesthesia
varies widely among training programs resulting in trai-
nees having reduced confidence in their abilities to use
advanced regional anesthesia.93 Identification and avail-
ability of trained personnel to apply regional anesthesia
during war or disaster can diminish its usefulness. This
potential limitation can be mitigated with appropriate
predisaster planning that ensures experienced providers
are part of the military or disaster pain management
response. The use of regional anesthesia also requires
some specialized equipment (Figure 20.2). A discussion
of the PNB and CPNB techniques for various clinical
situations is available through many excellent textbooks
on the subject.94, 95 Table 20.2 provides information on
standard adult ropivacaine dosages for single injection
and CPNB blocks used by the author in field situations.

Novel pain control methods and equipment

Considerable effort has been made to find alternative pain
control methods, other than intravenous morphine, for

Figure 20.2 Advanced regional anesthesia

equipment. Equipment for single injection or

continuous peripheral nerve block displayed on top.

Items include StimuplexTM HNS-11 nerve stimulator

(B Braun Medical Inc., Bethlehem, PA, USA),

NaropinTM 0.5% (ropivacaine HCL, AstraZeneca,

Wilmington, DE, USA), AmbitTM infusion pump

(Sorenson Medical), ChloraprepTM (Medi-Flex

Hospital Products, Inc., Overland Park, KS, USA),

DermabondTM (Ethicon Inc., Cornelia, GA, USA),

Steri-StripTM (3M Health Care, St Paul, MN, USA),

CarraSmartTM (Carrington Laboratories, Inc., Irving,

TX, USA), StimuQuickTM insulated peripheral block

needle (Arrow International Inc., Reading, PA, USA),

and ContiplexTM Tuohy continuous nerve block set

(B Braun Medical Inc.).
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pain management in battlefield scenarios. Though the
effectiveness of intravenous morphine is without ques-
tion, the equipment and expertise to establish intravenous
access may be lacking in battlefield or natural disaster
situations. A possible alternative is transdermal delivery of
fentanyl. One delivery device that has promise in acute
pain management is the patient-controlled transdermal
delivery system (PCTS) for fentanyl hydrochloride.96 [III]
The credit card-sized device is placed on the patient’s skin
with adhesive and activated by the patient pushing a
button. The device then delivers a 40-mg fentanyl dose
over a ten-minute period through a process of ionto-
phoresis (introduction of medication into tissue through
means of an electric current). Unlike transdermal fentanyl

patches that continuously deliver medication passively
and are inappropriate for opioid-naive patients, the
PCTS is similar to a PCA machine and the two devices
have been shown to be equivalent for perioperative pain
control following major surgery.97

Oral transmucosal fentanyl is another possible delivery
method that has potential for use in austere environment
pain control. In 2003, 22 soldiers were treated following
mild injury with oral fentanyl lozenges (1600 mg) in a field
setting.98 [V] Oral fentanyl was effective in this setting,
though three soldiers complained of nausea and one
required naloxone for hypoventilation, emphasizing that
novel delivery systems for opioids do not eliminate the
potential dangerous side effects of these drugs.

Table 20.2 Standard adult ropivacaine dosages for single injection and continuous regional anesthesia at Walter Reed Army Medical

Center.

Regional anesthesia
technique

Adult single injection
dose of ropivacainea

Continuous infusion
of 0.2% ropivacaine

Patient-controlled
bolus rate of 0.2%
ropivacaineb

Notes

Interscalene 35–40mL of 0.5%

ropivacaine

8–10mL 2mL bolus/20-min

lockout

Often supplemented with an

intercostal brachial nerve

block

Supraclavicular 35–40mL of 0.5%

ropivacaine

8–10mL 2mL bolus/20-min

lockout

Shortest latency block of the

brachial plexus

Infraclavicular 35–40mL of 0.5%

ropivacaine

10–12mL 2mL bolus/20-min

lockout

Catheter techniques less

effective compared with

supraclavicular catheters

Axillary 40mL of 0.5%

ropivacaine

10–12mL 2mL bolus/20-min

lockout

Catheter techniques less

common

Paravertebral 3–5mL of 0.5%

ropivacaine per

level blocked

8–10mL 2mL bolus/20-min

lockout

Catheters effective in thoracic

region only

Lumbar plexus (posterior

approach)

35–40mL of 0.5%

ropivacaine

8–10mL 2mL bolus/20-min

lockout

Epidural spread is a concern

Femoral 20–30mL of 0.5%

ropivacaine

8–10mL 2mL bolus/20-min

lockout

Catheter techniques less

effective compared with

lumbar plexus catheters

Sciatic (anterior or

posterior approach)

20–30mL of 0.5%

ropivacaine

8–10mL 2mL bolus/20-min

lockout

Proximal approaches to the

sciatic nerve preferable for

catheters

Sciatic (lateral or

popliteal approach)

35–40mL of 0.5%

ropivacaine

10–12mL 2mL bolus/20-min

lockout

Catheter techniques less

common

Lumbar plexus or

femoral1sciatic

50–60mL of 0.5%

ropivacaine

between both sites

5–10mL for both

catheters

2mL bolus/20-min

lockout on one

catheter

Infusion rates divided between

catheters based on

distribution of patient’s pain

Epidural 20–25mL of 0.5%

ropivacaine

6–10mL 2mL bolus/20-min

lockout

Opioids often added to

infusions

Spinal 5–15mg of 1.0%

ropivacaine

NA NA Opioids often added to

injections

Information is based on the author’s experience with ropivacaine in a successful and busy regional anesthesia practice.
aMepivacaine 1.5% can be used in place of ropivacaine at the volumes noted when a shorter duration block is desirable.
bOccasionally, 5mL bolus per 30-minute lockout is used in selected patients. Generally, total infusion (continuous plus bolus) 420mL/h are avoided.
NA, not applicable.
Reprinted with permission from Buckenmaier III CC, Bleckner LL. Anaesthetic agents for advanced regional anesthesia: A North American perspective.
Drugs. 2005: 65; 745–59.
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Intranasal ketamine has received substantial attention
for pain control following injury in the field. Opioid use
for pain can significantly degrade a soldier’s ability to
continue the mission due to its sedative effects. Theoreti-
cally, low-dose ketamine delivered intranasally reduces pain
without substantially degrading performance. While
intranasal ketamine has been used successfully in chronic
pain patients for breakthrough pain with minimal side
effects, its abuse potential and possible cognitive effects in a
high stress environment, such as a battlefield, warrants
further study before recommendations on use in austere
environments can be made.99, 100 [V]

Efforts continue to develop longer-acting local anes-
thetics by combining them with polymers or lipo-
somes.101 The advantage in the field of a local anesthetic
effect that lasts for several days, without the need for
CPNB or an infusion pump, is clear. Unfortunately, no
agent of this type is currently available for human use.

Basic vital sign monitoring equipment is essential for any
healthcare provider managing pain in austere conditions.
Many automated, portable, rugged, battery-operated patient
monitors are available for this purpose, but this equipment
should be supplemented with manual monitoring equip-
ment to cover inevitable malfunctions. One extremely useful
patient monitor for field applications is the compact Nonin
Onyx 9500TM pulse oximeter (Nonin Medical Inc., Ply-
mouth, MN, USA). This pocket-sized device supports rapid
checking of numerous patient pulses and oxygen saturations
under the most difficult field conditions.

Recent advances in electronic infusion pump tech-
nology have facilitated the introduction of CPNB and
PCA to the modern battlefield. Presently, the Stryker
PainPump 2TM (Stryker Corporation, Kalamazoo, MI,
USA) used for CPNB infusions and Sorenson ambiTTM

(Sorenson Medical, West Jordan, UT, USA) used for PCA
are the only pain pumps currently approved for pain
management during aeromedical evacuation in the Uni-
ted States military. The ability of electronic pumps to
function with consistent infusion rates at extremes of
temperature and pressure favors electronic pump devices
in harsh environments. Electronic pumps have the added
advantage of programmability for infusion adjustment
that other pneumatic pump devices lack.

ADVANTAGES OF EFFECTIVE PAIN
MANAGEMENT IN FIELD AND DISASTER
SITUATIONS

Maladaptive pain and the patient stress
response

Woolf102 has suggested that pain can be divided into two
broad categories: adaptive and maladaptive. Adaptive
pain enhances survival by warning the patient of
impending injury and promoting healing following

injury. An example would be a stubbed toe that results in
minor but persistent pain for a few days, causing the
patient to protect the toe from further injury while it
heals. Maladaptive pain occurs when the nervous system
expression of this protective mechanism becomes patho-
logic, due to overwhelming noxious stimuli or other
factors, and pain becomes a disease state. Traumatic
amputation of a foot from an explosive device, with
severe phantom pain that persists for years following the
injury is an example. Understanding that pain is not just a
symptom of disease, but at times a disease process in
itself, is a fundamental change occurring in medicine that
explains the new emphasis on effective pain control
whether in the modern hospital or in the field. Regardless
of the conditions in which health care is being provided,
inadequate acute pain control is associated with a myriad
of physiologic changes that can significantly increase
patient morbidity and possibly mortality (Table 20.3).
Evidence suggests that untreated or poorly treated acute
pain, and the proinflammatory and immunosuppressive
responses associated with it, may result in deleterious
health effects for months or even years after the initial
pain insult.103 Pain is a disease state of the nervous system
and deserves the same attention to management that is
given any other disease state known to medicine.

Improved patient condition for evacuation

Modern healthcare systems in the developed world are
well equipped to minimize the impact of the physiologic
stress pain places on a patient and can deal with con-
sequences of this stress. This is not the case in austere
environments where seemingly minor problems arising
from untreated pain, like nausea, vomiting, urinary
retention, or impaired immune function, among many
others, can balloon into devastating complications in the
resource-constrained and chaotic medical environments
typical of war or disaster. Effective pain management is
critical for maximizing the success of the medical
response to disaster.

Anger, increased anxiety, sensitivity to external stimuli,
withdrawal from interpersonal contact, and self-absorp-
tion eventually leading to depression and despair, are
among the negative psychological responses associated
with uncontrolled pain.7, 104, 105 Paolini,106 in his fictional
work Eldest, provides an insightful description of the
emotional impact intractable pain can have on a patient:

I have a new name for pain. What’s that? The
Obliterator. Because when you’re in pain, nothing else
can exist. Not thought. Not emotion. Only the drive
to escape the pain. When it’s strong enough, the
Obliterator strips us of everything that makes us who
we are, until we’re reduced to creatures less than
animals, creatures with a single desire and goal:
escape.
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In the author’s experience, many soldiers have echoed
similar sentiments when describing the impact of pain
during their evacuation and recovery. In the turmoil of
war or disaster medicine, a self-absorbed patient whose
attention is confined to their pain, cannot assist in their
own health care. The burden of these patients, in all
aspects of care and evacuation is greatly magnified.
Through effective pain control, the healthcare provider is
creating an improved patient condition for stabilizing
care and evacuation following disaster. An alert, inter-
active, pain-free patient will ease the burden of providing
an effective medical response in austere conditions. Per-
sonnel training and resource allocation toward achieving
this goal is an investment in medical resources that will
return multiple dividends. Effective pain management is
an austere medical mission force multiplier.

ROLE OF THE ACUTE PAIN SERVICE TEAMS IN
AUSTERE ENVIRONMENT MEDICINE

Effective pain management for austere medical missions
assumes the deployment of trained medical personnel and
equipment needed to run an acute pain service within the
disaster medical response infrastructure. While anesthe-
siologists are a natural choice for leading the APS team
due to their focus on perioperative pain relief, the
responsibility for managing pain should not fall to the
anesthesiologist by default as an ‘‘extra’’ or ‘‘assumed’’
duty.107 The austere medicine APS should be seen as an
additional requirement that necessitates supplementary
staffing specifically for the pain mission. Despite the
recent advances in pain management by the United States
military, the lack of APS teams has significantly hampered
continued improvement of pain management in austere

medical environments. The forethought by military or
civilian medical planners in including APS teams in the
disaster medicine plan will impart significant advantages
to the medical response team. For example, the anesthe-
siologist leading the APS team will be available to assist
with triage in mass casualty scenarios. As mentioned
previously, anesthesiologists serving in this capacity can
manage the pain of many patients waiting for operating
room availability, often using regional anesthetic techni-
ques that can also be used to provide surgical anesthesia
for the operative procedure, thus facilitating patient flow.
The APS team also provides a reserve of providers
(anesthesia, nursing, etc.) that can assist with critical care
medicine during mass casualty situations. The advantages
of the APS team in relieving suffering and preparing
patients to be active participants in their own recovery
and evacuation is clear.

Training the austere environment APS team

A simple but effective approach for developing a pain
management response in times of disaster is the estab-
lishment of pain treatment protocols that all responding
healthcare providers can use regardless of their level of
pain training. This may be the only option if APS teams
are not part of the medical disaster response plan.
Hocking and de Mello108, 109 have provided basic and
more advanced pain management guidelines for battle-
field analgesia and these protocols can serve as a template
for medical planners if APS teams are not an option. For
these pain protocols to be effective, response teams must
train with the protocols and incorporate them into
standard operating procedures.

The expertise needed to establish austere environment
APS teams begins with existing hospital-based teams.

Table 20.3 Consequences of unrelieved pain.

Organ systems Physiologic responses

Cardiovascular Increased heart rate, peripheral vascular resistance, arterial blood pressure, and myocardial contractility resulting in

increased cardiac work, myocardial ischemia, and infarction

Pulmonary Respiratory and abdominal muscle spasm (splinting), diaphragmatic dysfunction, decreased vital capacity, impaired

ventilation and ability to cough, atelectasis, increased ventilation/perfusion mismatch, hypoventilation,

hypoxemia, hypercarbia, increased postoperative pulmonary infection

Gastrointestinal Increased gastrointestinal secretions and smooth muscle sphincter tone, reduced intestinal motility, ileus, nausea,

and vomiting

Renal Oliguria, increased urinary sphincter tone, urinary retention

Coagulation Increased platelet aggregation, venostasis, increased deep vein thrombosis, thromboembolism

Immunologic Impaired immune function, increased infection, tumor spread or recurrence

Muscular Muscle weakness, limitation of movement, muscle atrophy, fatigue

Psychological Anxiety, fear, anger, depression, reduced patient satisfaction

Overall recovery Delayed recovery, increased need for hospitalization, delayed return to normal daily living, increased healthcare

resource

Reprinted with permission from Joshi GP, Ogunnaike BO. Consequences of inadequate postoperative pain relief and chronic persistent postoperative pain.
Anesthesiology Clinics of North America. 2005; 23: 21–36.
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New pain technologies and medications must first
demonstrate efficacy and safety on the hospital wards
before being considered for austere environment mis-
sions. The type of austere environment (military or
civilian) that the APS team will be responding to will
dictate planning, preparation, and training. Undoubtedly
one of the best ways to train APS teams, short of an actual
disaster, is through healthcare missions to medically
underserved areas of the world. These missions have
proven extremely valuable for training military anesthe-
siology residents in austere environment anesthesia and in
exercising new pain management techniques and in
equipment for use in austere conditions.74

CONCLUSIONS

This chapter has outlined current trends and future
possibilities for managing acute pain during war or dis-
aster. Our understanding of pain and its consequences has
advanced greatly since General ‘‘Stonewall’’ Jackson
quaffed whiskey to ease his suffering. Unfortunately,
despite these advances, the necessity for and responsibility
of pain management in austere medical environments
remains inadequately defined. If events during this first
decade of the twenty-first century are any guide, the need
for effective pain management in austere conditions is
great and concepts of effective pain control following war
or disaster are the concern of all physicians, civilian and
military. As stated by John J Bonica in The management of
pain, ‘‘The proper management of pain remains, after all,
the most important obligation, the main objective, and
the crowning achievement of every physician.’’107
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KEY LEARNING POINTS

� Untreated acute pain in the developing world is a major

problem, causing immeasurable misery and morbidity.
� The reasons for poor management of acute pain are

many and vary from country to country.

� Simple, cheap, and effective measures can make a big

difference to patients.

INTRODUCTION

Pain is a feature of many of the most common conditions
presenting to doctors in the developing world, yet many
patients do not have access to the basic human right of
analgesia. Patients present with pain secondary to trauma,
especially following road traffic accidents (RTA) and acts
of violence (including land mine injuries and gunshot
wounds), but also pain from labor, and medical and
surgical disease.

The lack of infrastructure and resources that char-
acterize the developing world makes estimating the
magnitude of the problem almost impossible. There are
few data on the incidence or prevalence of pain, or its
treatment. It is troubling to note how few studies focus on
the diseases that are most prevalent in the developing
world, and the treatments available for them. Therefore,
much of this chapter is based on inference from the data
that are available and the personal experience of the
authors.

INCIDENCE AND PREVALENCE OF PAIN

The World Health Organization (WHO) collects data on
the burden of disease globally and, although it does not
list pain as a separate entity, many of the leading causes of
disease have pain as a major feature.

Trauma

In 2001, the WHO described injuries as the hidden epi-
demic. Road traffic accidents are the tenth most common
cause of death in low- to middle-income countries.1 More
importantly, RTAs, violence, and self-inflicted injury are
among the top ten leading causes of ongoing morbidity,
as measured by disability adjusted life years. In some
developing countries, they account for a third of the
disease burden in male adults between 15 and 44 years.1

The problem of RTA-related trauma is increasing in
Sub-Saharan Africa and South East Asia. The vast



majority of these victims will suffer severe pain as a result
of their injuries.

Obstetrics

Labor is universally associated with pain. Birth rates are
higher in the developing world and the lack of obstetric
services means that obstructed labor and uterine rupture
are much more common than in the developed world.
Ninety-nine percent of all maternal deaths occur in the
developing world and there is a 500-fold difference in
maternal mortality between the worst of the developing
countries (one in six) and best of the more developed world
(1 in 29,800).2 The lack of obstetric services demonstrated
by these figures means that analgesia is often unavailable
for normal or abnormal labor. However, despite the
general lack of medical facilities in many developing
countries, cesarean section is still the most common
surgical procedure performed in the developing world.3

Surgery

Accurately quantifying the number of surgical procedures
is very difficult in resource-poor regions. However, it is
known that rates of major surgical operations in Sub-
Saharan Africa are 70–500 per 100,000 population per
year. Corresponding figures in high-income industrialized
countries are 5000–9000.4 The majority of nonobstetric
surgical procedures in Sub-Saharan Africa are operative
management of injuries, abdominal emergencies, hernia
repair, and hydrocele repair. The lack of surgical and
anesthetic services results in large quantities of surgical
pathology being untreated; those patients who are treated
have often travelled long distances and present with
advanced pathology. As a result, a high proportion of
emergency surgery ensues. Thus, it must be assumed that
levels of preoperative pain from the underlying condition
and postoperative pain are high.

AVAILABILITY AND EFFECTIVENESS OF
ANALGESIA

In the majority of cases, pain relief for patients in
the developing world is poor or nonexistent. The con-
sequences of this untreated pain are not just humanitar-
ian. Poor pain management leads to prolonged recovery,
immobility, and an increase in cardiac, respiratory, and
gastrointestinal complications. These in turn increase the
burden on an already overstretched healthcare system and
increase morbidity and mortality. In addition, chronic
pain conditions may be increased leading to a further
decrease in the quality of life and further humanitarian
and economic suffering.

This acute deprivation is certainly widespread in
Sub-Saharan Africa. Even when doctors and resources can

be accessed, pain relief still seems to be poor. Preoperative
pain relief was evaluated in 100 patients in the accident
and emergency department of the University Hospital in
Ibadan, Nigeria; many were victims of trauma. Analgesia
was not prescribed in around half of the patients, two-
thirds of whom were in severe pain. Even when analgesia
was prescribed, it was often inadequate; for example, 81
percent of those patients who were given preoperative
analgesia had moderate to severe residual pain.5 When
assessing 149 postoperative patients in the same hospital,
moderate to unbearable pain was reported in over two-
thirds of patients at 24 hours and half at 48 hours.6

Likewise, in obstetrics, a study in Benin City, Nigeria,
found that only 39 percent of women received any form
of labor analgesia in a large teaching hospital, despite the
fact that 85 percent of the women requested it when
asked.7 In many smaller hospitals, analgesia is simply not
an option. As all three of these studies are reported from
large teaching hospitals, they may represent the better
resourced centers. Conditions in more rural settings
are largely unrecorded, but can be expected to be
considerably worse.

When war and political instability are also present in a
region, access to any health care – let alone analgesia –
can be difficult, or even impossible. Dr Phil Lacoux of
Médicins Sans Frontières (MSF) has recently highlighted
the problems of providing analgesia in emergency situa-
tions.8 His work in Sierra Leone and Sri Lanka has shown
that analgesia is understandably often neglected, but also
that even simple measures can have surprisingly good
results.

BARRIERS TO ACUTE PAIN RELIEF

The ‘‘developing world’’ is an umbrella term that
encompasses a wide range of countries united only by
their lack of capital resources, poor infrastructure, and
often political instability. In each country, differences in
population, geography, resources, politics, and culture
result in diverse problems in providing analgesia and
variable attempts at solutions.

Population and geography

Despite rapidly increasing urbanization, the populations
of developing countries are still generally predominately
rural-based. Health services in these areas are often
inadequate and cover vast areas. Poor roads and lack
of transport hinder the distribution of medicine and
equipment. Extremes of weather and high frequency
of natural disasters further stretch these services. In
contrast, the urban population often live in overcrowded
conditions with poor sanitation and often scarcely
better access to medical care.
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Resources

To date, anesthesia and analgesia have received minimal
funding and investment in countries where generalized
lack of resources and trained staff mean that providing
any health care is difficult. The magnitude of this problem
has at least been recognized within the more developed
world, and the International Society for the Prevention
of Pain (ISAP) has been working in conjunction with the
WHO to increase awareness of the problem and to
improve access to pain relief to people in the developing
world.9 Many of these countries are already over-
burdened by diseases such as HIV/AIDS, tuberculosis,
and malaria; analgesia is often still seen as a very low
priority. Table 21.1 shows the vast differences in spending
on health care, numbers of doctors, and basic health
indices between the developing and more developed
world.

Resources usually taken for granted in more developed
countries may be a luxury in the developing world. A
recent survey of anesthetic facilities in 80 hospitals in
Uganda found that 44 percent did not have running water
all the time and 80 percent did not have a reliable source
of electricity.10 Only 45 percent always had access to
morphine or pethidine (meperidine). The fact that access
to running water was virtually the same as access to
opioid drugs illustrates the complexity of the situation.
Limited funding often means that money is spent on
short-term urgent priorities, rather than on long-term
planning. Budgeting is often hampered by fluctuating
exchange rates causing escalation of the price of even
basic items. These problems, coupled with charitable
donations, can result in imbalances, such as patients
having access to computed tomography (CT) scanning,
but no access to simple drugs, such as paracetamol.

In many areas, the problems associated with the gen-
eral lack of resources are further compounded by poor
management, corruption, and lack of training. This
leads to available resources being poorly utilized. These
phenomena are by no means confined to the developing

world; however, in these resource-poor settings, the
affects are more acutely felt by staff and patients.

Evidence of the importance of good management can
be seen in the success of mission hospitals in many parts
of the world. These hospitals often survive on similar
budgets to the government hospitals that they support.
However, because of their smaller size, careful manage-
ment, and accountability, they often produce a much
better service for patients.

Storage and transport of drugs

Most commonly used analgesic drugs do not require
refrigeration, but can be ruined by the heat and humidity
present in many developing countries. More importantly,
transport, fuel, a driver, and passable roads are required
to transport drugs from the cities into rural hospitals.
Tragically, this basic lack can lead to drugs sitting unused
in warehouses. Poor hospital/healthcare management also
has a role to play; it is not uncommon to find that drugs
are going out of date in a warehouse because no one
knows that they are there or where they should be sent.

Opioid availability

Opioids are essential in the management of moderate and
severe pain. However, opioid availability and use is not
uniform across the globe. Morphine is a low-cost, effec-
tive analgesic; in 1999, 87 percent of the world’s morphine
was consumed by ten major industrial countries
(Australia, Canada, Denmark, France, Germany, Japan,
Spain, Sweden, United Kingdom, and United States). The
remaining 85 percent of the world population consumed
13 percent.11

Globally, the average consumption of morphine is
5.9mg per capita. The figure is approximately 20–75mg
per capita in industrial nations. In comparison, mean
consumption is 0.712 in Africa, 5.66 in Latin America,13

Table 21.1 Health economic data for a number of developed and developing nations.

Country GDP per
capita Int$

Life expectancy
at birth M/F

Child mortality
M/F per 1000

Total health
expenditure Int$

Total health expenditure
as % of GDP

Physicians per
1000 population

USA 39,901 75/80 8/7 5711 15.2 2.56

UK 31,308 76/81 6/5 2389 8 2.30

Bangladesh 2098 62/63 81/73 68 3.4 0.26

Belize 7151 65/72 44/33 309 4.5 1.05

Bolivia 2762 63/66 70/68 176 6.7 1.22

Vietnam 3298 69/74 24/22 164 5.4 0.53

Laos 1878 58/60 88/78 56 3.2 0.59

Uganda 1088 48/52 144/132 75 7.3 0.08

Malawi 519 41/41 179/172 46 9.3 0.02

Source: WHO website, www.who.int.
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and 1.05mg per capita in Asia11 (Figure 21.1). However,
these data represent only a crude estimate of global usage
obtained from data of opioids purchased by these coun-
tries; they provide no information on how the morphine
was used, i.e. whether it was given for palliative care or
acute pain, or whether it was given in sufficient dosage.
Nevertheless, whilst there is no particular level that can
be declared adequate or inadequate, the figures highlight
the lack of opioid analgesics available in the developing
world.

The WHO and the International Narcotics Control
Board (INCB), who collate these data, are mainly
interested in the use of opioids in palliative care. The
introduction of the WHO analgesic ladder in 1986 and
various other publications and initiatives14, 15, 16 has led
to an increase in opioid usage overall. However, the
majority of these increases have been in the more deve-
loped world with minimal increases in the developing
world.11, 12, 13

Globally, morphine is the most available opioid,13

although pethidine is also extensively used, especially for
acute pain. Thus, pethidine data may better represent
usage of opioids for acute pain. Table 21.2 shows the
regional data for pethidine.

There are many barriers to opioid use in the devel-
oping world. There is a general fear of opioid medication
with exaggerated concern over risks of side effects,
addiction, misuse, and abuse. There is very little evidence
to confirm these fears. In India, a palliative care non-
governmental organization, which dispensed 13.6 kg of
morphine to 1723 patients on an outpatient basis, found
no episodes of loss and theft and only minor errors in
stock position representing 0.007 percent of the total
opioids dispensed.17

At a governmental level, import restrictions may be
overly restrictive and the laws regarding prescribing and
dispensing opioids may make it virtually impossible to get
opioids to patients. Forty-three percent of governments
that responded to the INCB survey said that they
require physicians to report to the government those
patients who are prescribed opioid analgesics.11 Opioid

legislation can therefore have a massive effect on opioid
consumption. In India, the introduction of the Narcotic
Drugs and Psychotropic Substances Act, a piece of legis-
lation that resulted in a massive increase in the bureau-
cracy associated with purchasing opioids, led to a fall in
consumption of morphine of 97 percent, from 716 kg in
1985 to 18 kg in 1997.17

In summary, the principal barriers to opioid avail-
ability are:

� fear of addiction;
� fear of misuse;
� fear of side effects;
� restrictive national opioid legislation;
� lack of infrastructure;
� lack of finance;
� lack of prescribers.

Drug administration

Even when a drug is available in a clinic or hospital,
actually getting it to the patient may still prove challen-
ging. Even in the more developed world, analgesics
are under-prescribed by doctors, under-administered by
nurses, and under-requested by patients. These factors are
also present in the developing world, but to a much
greater extent.
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Figure 21.1 Morphine consumption in

milligrams per capita. Source: Pain and Policy

Studies Group. Availability of opioid analgesics in

Asia: Consumption trends, Resources,

Recommendations. University of Wisconsin Pain

and Policy Studies Group/WHO Collaborating

Center for Policy and Communications in Cancer

Care, Madison, WI, USA. Prepared for 17th Study

Programme for Overseas Experts on Drug Abuse

and Narcotics Control, Tokyo, Japan, 26 June

2002 (monograph).

Table 21.2 Regional consumption of pethidine in milligrams per

capita for 1999.

Region Per capita consumption of
pethidine (mg/capita)

Global mean 3.90

African regional mean 1.60

Latin America mean 6.56

Asian regional mean 0.75

Source: Refs 11, 12, 13.
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PRESCRIBING PROBLEMS

Doctors, nurses, or clinical officers may have received
minimal or no training in the importance of analgesia and
may have little practical idea of appropriate medications
or techniques; drugs may thus never even be prescribed.
There are severe shortages of medical staff in the devel-
oping world, partly due to lack of training and also due to
doctors emigrating in search of better pay and living
conditions.18 The vast burden of clinical work is often
performed by nonmedically trained healthcare workers
who, at best, will only have received a basic training in
analgesia yet perform valuable work with minimal
resources. Desperate for more information and training,
they are often unable to access the additional support
required to improve their knowledge and clinical skills.

ADMINISTRATION PROBLEMS

Whilst nurses remain primarily responsible for dispensing
drugs as they do in more developed countries, their wider
function in developing countries is often very different.
Wards are normally massively understaffed to the extent
that one nurse may care for 50–80 patients, even more at
night. Patient advocates, often the family of the patient,
who stay with the patient on the ward, provide the
majority of basic care, such as washing and feeding. It is
normally left up to the patient or the patient’s advocate
to collect and then administer the prescribed drugs at the
appropriate times from the nurse. Huge queues form at
these times and those patients with no advocate may not
receive any treatment.

The all-to-familiar lack of training is also a problem for
nurses and it is a sad reality that those who are well trained
or well motivated are lured into working in more devel-
oped countries, leaving undertrained and demotivated
colleagues behind. This may result in patients in pain
being ignored by nurses who are either not present due to
staff shortages, or too overstretched or demotivated to
help even when the drugs are present. Since this has been
the way of practice for long periods of time, changing
expectations, attitudes, and treatments can prove difficult.

This situation is sharply illustrated by an audit of
postoperative analgesia in the Queen Elizabeth Central
Hospital, Malawi, a government-funded university
teaching hospital with 1000 beds. Despite the majority of
patients having pethidine prescribed every four to six
hours, it was found that the senior nurse (the only nurse
with keys to the controlled drug cupboard) was only
available during two ward rounds per day (midday and
midnight). At other times, no opioid analgesia was
available; the hospital had no paracetamol or nonsteroidal
anti-inflammatory drugs (NSAID) in the pharmacy
(Goddia, 2004, unpublished data).

Poor training also leads to fear of side effects in both
medical and nursing staff which in turn leads to a culture
of nonintervention: if you do nothing, no one can blame

you. Arguably, a fatalistic attitude pervades: the common
perception is that pain is to be expected and if death
occurs secondary to an untreated condition, nature has
taken its course. Poor outcomes then perpetrate this
attitude and erode further the expectation of staff of their
ability to treat pain.

PATIENT FACTORS

Given the poor quality of medical care and low quantities
of analgesia available in the majority of the developing
world, it is unsurprising to find that patients have low
knowledge, expectations, and a distrust of western medi-
cine. Many patients will have no knowledge of western
medical care; 37 percent of patients in labor in a Nigerian
teaching hospital had no knowledge of the possibility of
labor analgesia on admission.7 Many may have preferred
to rely on traditional medicine, or use it in combination
with whatever western medicine was offered. Little is
known about interactions between the two, although the
WHO is currently undertaking research into the use of
traditional medicine globally.19

Because of the severely limited resources, hospitals gain a
reputation as a place to die rather than a place to be cured.
As a result, patients often wait until traditional medicine
has failed and then present with advanced pathology. This
results in a higher death rate and perpetuates the poor
reputation of the hospital. Lack of adequate analgesia
leads patients to believe that severe pain is to be expected
after injury or surgery; as a result, they do not seek or
expect analgesia and are also less likely to submit freely to
necessary surgery or treatment, unless the pain or disability
related to the underlying condition is severe. Should a
visiting doctor from a developing country try to assess pain
and intervene, he or she may not speak local languages,
and may have little experience of local health beliefs. This
hampers pain assessment and can be compounded by the
translator having similar health beliefs to the patient.

In many African cultures, any form of illness is seen
as a curse or spell placed upon the patient by either an
individual or malevolent spirit. Traditional healers in this
situation focus on identifying the culprit and reversing
the spell. In these cultures, it may be difficult to impose
modern medicine on the patient.

PRACTICAL TECHNIQUES AND SOLUTIONS

This section focuses on practical techniques for the
delivery and administration of analgesia that can be used
in the developing world. All of the techniques used in the
more developed world and found to be effective may be
used. However, given the lack of resources in the devel-
oping world, some techniques may be more appropriate
than others. Improvements are most likely to result from
application of simple techniques introduced with effective
training and supplies.
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Pain assessment

Despite the shortage of nursing staff on the wards,
assessment of pain should become a basic observation
along with pulse and blood pressure. Assessment tools
need to be simple to use and understand. All techniques
require the ability to explain the concept in the local
language. Verbal rating scales require directly translatable
words, something that may be difficult to acquire.
Numerical scales require the patient to have a degree of
numeracy. Visual analog scales do not require a degree of
numeracy or literacy, but may be a difficult concept to
explain. Scales that require observation of patient char-
acteristics or behavior may be useful where communica-
tion is difficult.

Therapeutic interventions

These can take the form of psychological, pharmaco-
logical, or local anesthetic-based techniques.

PSYCHOLOGICAL INTERVENTION

Patient information and reassurance is an important
component of pain management. Many patients in pain
receive no explanation as to the underlying cause, treat-
ment options, and prognosis of their condition. This
approach results in a helpless, dependent patient who
may assume that the pain indicates that their underlying
problem is much more serious.

PHARMACOLOGICAL THERAPY

The WHO has outlined a standard approach to cancer
pain in the developing world with the analgesic ladder
coupled to some basic principles (Figure 21.2).20[V] It
has shown that good quality pain relief is achievable with
minimal resources and minimal cost. Unlike chronic
cancer pain, acute pain tends to be most severe at the time
of the insult and then diminishes. As a result, the World
Federation of Societies of Anaesthesiologists (WFSA) has
produced a modified analgesic ladder for acute pain
(Figure 21.3).21[V] This is similar to the WHO ladder,
but in reverse. Starting with strong parenteral opioids and
or local anesthetic, there is then a step down to oral
opioids and finally to NSAIDs and paracetamol alone.

This ladder should be coupled with some basic
principles of acute pain management:

� Assessment:
– cause of the pain;
– severity of the pain;
– patient factors, allergies, contraindications;
– routes available: oral, intravenous, rectal.

� Treatment:
– Local anesthetic techniques should be used when

possible.
– Adequate analgesic drugs should be prescribed

regularly with extra drugs available for
breakthrough pain.

– Use the oral route where possible.
– Use nonopioid drugs for their opioid-sparing

effects.

Nonopioid analgesics 
± adjuncts 

Opioid for mild to 
moderate pain ± nonopioid 

 analgesic ±
adjuncts

Opioid for moderate to 
severe pain ± nonopioid 

analgesic ± adjuncts

Persisting or increasing pain 

Figure 21.2 World Health Organization

analgesic ladder. Redrawn from Cancer pain relief:
with a guide to opioid availability, 2nd edn.

Geneva: World Health Organization, 1996: 13–36,

with permission.

Nonopioid analgesics 

Oral opioid for mild to 
moderate pain ± nonopioid 

analgesic

Parenteral opioid for severe 
pain ± local anesthetic 

technique 

Decreasing pain

Figure 21.3 World Federation of Societies of

Anaesthesiologists (WFSA) analgesic ladder.

Redrawn from Charlton E. The management of

post-operative pain. Update in Anaesthesia. 1997;
7: 1–7, with permission.
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The WHO also produces a list of drugs that it believes are
essential for the treatment of priority diseases which
includes a section on analgesics and local anesthetics as
shown in Table 21.3.22 Increasingly, the WHO is trying to
base its choices on evidence and there are few surprises:
all of the drugs have been used for many years and most
are backed by a considerable number of trials.23

Ketamine is the main anesthetic drug used in areas of
the developing world where access to trained anesthetic
staff is limited. It provides profound analgesia and dis-
sociative anesthesia. In lower doses (for example,
0.1–0.5mg/kg i.v.), it can be used as an analgesic. Clas-
sically, it has been used for short periods of intense pain,
such as during dressing changes for burns. Its use is
limited mainly by unpleasant emergence phenomenon.
However, it may have a role when other forms of potent
analgesic, such as opioids are unavailable. There are
sporadic case reports of the use of mixtures of dilute
ketamine, tramadol, and diclofenac added to liter bags of
Hartmann’s solution and administered over eight hours
to provide analgesia for postoperative pain relief after
laparotomy.24 Whilst not a technique that can be
recommended in all situations, it provided good analgesia
to patients in an extremely resource-poor area.

Modes of delivery

In most cases, the oral route is the most convenient; it
requires no training and no equipment. Unfortunately, it
is common in acute pain secondary to surgery or trauma
for the enteral route to be unavailable. Per rectum

medication can be used when the oral route is not
available, but cultural perceptions may hinder acceptance
of this route. Few medications are absorbed sublingually.

When the enteral route is unavailable, intramuscular
injection is most commonly used, requiring minimal
training and with minimal complications. Intravenous
administration of drugs, especially opioids, is possible,
but careful training and monitoring is required to avoid
complications. Loading with intravenous morphine during
sugery, when postoperative pain is anticipated is practical.

The benefits of patient-controlled analgesia (PCA)
have been demonstrated in the more developed world,
but a lack of equipment and the need for careful ward
monitoring of these devices mean that in many devel-
oping countries they cannot be used.

LOCAL ANESTHESIA

Local anesthetic techniques can provide excellent post-
operative pain relief and generally their use should be
encouraged. However, there are important limitations
in the developing world due to the side effects of some of
the treatments.

Spinal anesthesia is often a mainstay in the developing
world. When appropriate preservative-free opioids are
available, the intrathecal administration of these drugs
can prolong analgesia long after the anesthetic effect has
passed. However, there are risks of excessive sedation
and respiratory depression that may be difficult to detect
and manage safely in resource-poor wards. Where

Table 21.3 WHO essential drugs that can be used in acute pain.

Drug Dose

Anesthetic medications

Ketamine Injection 50mg (as hydrochloride)/ml in 10-ml vial.

Local anesthetics
Bupivacaine Injection 0.25%, 0.5% (hydrochloride) in vial.

Injection for spinal anesthesia, 0.5% (hydrochloride) in 4-ml ampoule to be mixed with 7.5% glucose

solution

Lidocaine Injection 1%, 2% (hydrochloride) in vial.

Injection for spinal anesthesia, 5% (hydrochloride) in 2-ml ampoule to be mixed with 7.5% glucose

solution.

Topical forms, 2–4% (hydrochloride)

Lidocaine1epinephrine

(adrenaline) injection

1%, 2% (hydrochloride)1 epinephrine 1:200,000 in vial; dental cartridge 2%

(hydrochloride)1epinephrine 1:80,000

Analgesics, antipyretics, nonsteroidal anti-inflammatory drugs (NSAIDs)

Acetylsalicylic acid Tablet 100–500mg; suppository 50–150mg

Ibuprofen Tablet 200mg, 400mg

Paracetamol Tablet 100–500mg; suppository 100mg; syrup 125mg/5mL

Codeine Tablet 30mg (phosphate)

Morphine Injection 10mg in 1-mL ampoule (sulfate or hydrochloride); oral solution 10mg (hydrochloride or

sulfate)/5mL; tablet 10mg (sulfate)

Source: World Health Organization. Essential medicines. WHO model list, 14th edn. Geneva: World Health Organization, 2005.
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high-dependency unit (HDU) facilities can be provided,
these techniques are effective and easy to implement.

Epidural anesthesia is used in a number of developing
countries, although continuous infusions of drugs via
epidural catheters to prolong analgesia is often impossible
due to lack of equipment, expertise, and staff to monitor
the effects. Where HDU facilities are available, combina-
tions of preservative opioids and local anesthetics provide
very effective pain relief.

Single shot caudal analgesia for lower limb and
perineal surgery in children is very practical, and where
preservative-free ketamine is available, a prolonged effect
may be produced by a combination of bupivacaine and
ketamine (0.5mg/kg). Clonidine (1 mg/kg) has also been
used in combination with local anesthetic and is equally
effective, but produces some sedation and should not be
used for patients under three months of age.25[II]

Plexus blockade can provide very useful anesthesia
and analgesia where the expertise and equipment exists
to provide them. These blocks can provide excellent
analgesia in the immediate postoperative period and may
produce analgesia lasting up to 24 hours. Many blocks
are simply learned or taught, but their reliability is con-
siderably improved by the use of a nerve stimulator. It is
often difficult to prolong analgesia unless continuous
infusions through sterile catheters via infusion pumps can
be provided. Additionally, the techniques require training
for ward staff and careful postoperative monitoring.

Local infiltration of wounds with a long-acting local
anesthetic, such as bupivicaine, provides a degree of
postoperative analgesia and should be encouraged.

Long-acting local anesthetics, such as bupivacaine, are
essential to prolong analgesia after a procedure. However,
lidocaine is generally cheaper and more commonly
available. The use of opioids, ketamine, and ephedrine, in
addition to local anesthetic in central neuroaxial or plexus
blocks may prolong useful analgesia. However, care must
be taken to ensure sterility of the drugs used, especially as
many drugs are presented in multiple-use ampoules, and
to avoid drug formulations containing preservative.

Drug cost and availability

Most of the commonly used analgesic medications are
well established and manufactured ‘‘off licence,’’ allowing
inexpensive production. If therapies are limited to these
simple established medications (for example, para-
cetamol, NSAIDs, morphine), expense should be mini-
mal. Costs will obviously be affected by the ability to
produce a drug locally, import taxes, and the costs of
distribution. The WHO estimates that if barriers to access
morphine in the developing world could be removed,
then a reasonable estimate of the cost of morphine would
be 1 US cent per milligram.26 Recent research has shown
that the current situation in those developing countries
that do have access to morphine is very different. A survey

of opioid cost in 2003 showed that opioid drugs were
considerably more expensive in the developing world
when compared with the more developed world (median
cost of a 30-day supply of an opioid was US$ 112 com-
pared with US$ 53). This is equivalent to 36 percent
of gross national product per capita per month for the
developing world compared with only 3 percent for the
developed world – a ten-fold difference.27

There are no cost-effectiveness analyses of analgesic
interventions in acute pain in the developing world. If
similar trends are seen in the developing world as in the
more developed world, then it may be expected that, in a
postoperative setting, good analgesia may result in reduced
hospital stay, decreased postoperative complications, and a
more rapid return to activity. These must lead to cost
savings in an already over-stretched healthcare system and
are likely to offset the costs of simple analgesic drugs.

In many countries, drugs that are available commer-
cially in pharmacies may not be available in hospitals. In
these cases, patients with sufficient funds can be asked to
purchase their own analgesic drugs. Alternatively, chari-
table funds can be used to purchase drugs to use within the
hospital. In private hospital systems, most drugs are
available. Unfortunately, few patients have access to these.
Where supplies of drugs are inadequate, donations
from the developed world can be very important. However,
these drugs should be appropriate and not out of date.

AN APPROACH TO ANALGESIA IN A
DEVELOPING COUNTRY AS A VISITING EXPERT

It is not uncommon for overseas visitors to be asked their
opinion on how to resolve difficulties with a range of
clinical situations. Whenever this occurs, a knowledge of
the local situation and the barriers to change should be
taken into account so that effective local solutions are
suggested rather than impractical concepts. The following
approach is suggested:

� Consult with local staff at different levels.
� Find out what happens currently.
� Find out why other techniques are not used:

– equipment?
– drugs?
– knowledge?

� Start with a simple strategy.
� Implement basic first steps.
� Teach staff.
� Assess whether implementation has been effective.
� Audit your results.
� Do not expect to make major changes in the short

term, e.g. government policy on opioids, staff levels
on wards.

� Solutions adopted by local staff will last after you
have left. Techniques dependent on the expert visitor
will stop after they have left!

396 ] PART III MANAGEMENT – CLINICAL SITUATIONS



Box 21.1 uses two case studies from Malawi to illustrate
some of the problems that may be faced in a developing
country and suggests some possible solutions.

CONCLUSIONS

The more developed world clearly has a responsibility to
improve the care of people in the developing world.
Improved funding is an important part of the solution,
but only alongside the adoption of simple, cost-effective,
and appropriate techniques. Basic drugs need to be kept
in production and healthcare managers must ensure

regular supplies are always available in clinical areas. Staff
at all levels need to be trained in the use of specific
techniques and challenged to change beliefs that pain is a
necessary evil. Patients also need to be encouraged to
become more aware that pain is treatable, while politi-
cians should carry the banner that unrelieved pain is
unacceptable.
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Box 21.1 Case study: Malawi

Country statistics

� Population: 12.8 million
� Rural:urban: 85%:15%
� GDP per capita: US$519
� Life expectancy: 41 years
� Spending on medical care:

– Per capita per year: US$46
– % of GDP: 9.3

� No. physicians per 1000 population: 0.02

Healthcare system

Government healthcare system free to all,
supplemented by mission hospitals

Queen Elizabeth Central Hospital (QECH) Blantyre

� Main teaching hospital in commercial capital
� Tertiary referral hospital for southern Malawi
� 1000 beds, over 100% bed occupancy
� Departments: Medicine, Surgery, Orthopaedics,

Paediatrics, Opthalmology, Obstetrics and
Gynaecology.

Case 1

� Fit 30-year-old man
� RTA minibus versus bicycle
� Open fractured tibia and fibula for open

reduction, debridement, and fixation
� Preoperative analgesia:

– Nil despite long journey from crash site in back
of police truck to local hospital then transfer
from local hospital.

– Intramuscular pethidine on ward at QECH.
� Anesthesia:

– Spinal with bupivicaine if available (5%
lidocaine readily available, but very short
acting) or general anesthesia with 50mg
meperidine as analgesia.

� Postoperative analgesia:
– Pethidine 50mg i.m. as needed

� Short-term ways to improve analgesia:
– Patient’s family to buy paracetamol or NSAIDs

(costs may be prohibitive).
– Department to use charitable funds to buy

bupivicaine to allow use of long-acting regional
techniques.

� Long-term ways to improve analgesia:
– Improve training of clinical officers in the

district hospital and QECH.
– Improve drug supplies to hospital.
– Improve staffing on wards.

Case 2

� 19-year-old female in labor for 36 hours
� Diagnosis: cephalopelvic disproportion
� Plan: cesarean section

– Labor analgesia: Nil
– Anesthetic: spinal 5% lidocaine heavy
– Postoperative analgesia: i.m. pethidine

50mg
� Short-term ways to improve analgesia:

– supplies to get heavy bupivacaine and local
infiltration;

– patient’s family to buy paracetamol or NSAIDs
(costs often prohibitive).

� Long-term ways to improve analgesia:
– improve training of clinical officers and

midwives in the district hospital and
QECH;

– improve drug supplies to hospital;
– improve staffing on wards.
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KEY LEARNING POINTS

� Burn pain can be divided into three categories:

background, breakthrough, and procedural, which

require separate treatment strategies.
� The intensity of burn pain is unpredictable, often severe

and inadequately treated.
� Intravenous opioids, titrated to effect, are the mainstay

of acute management.
� Peripheral and central mechanisms contribute to burn

pain and the development of chronic pain.

� Multimodal analgesia should be utilized, including the

use of antineuropathic agents such as tricyclic

antidepressants and anticonvulsants.
� There is interest in the use of agents to reduce central

sensitization or ‘‘wind up.’’
� A biopsychsocial model should be used when managing

chronic burn pain.

INTRODUCTION

Pain is an almost inevitable consequence of burns and is
often undertreated.1 The intensity of pain that will be
experienced after a burn injury by an individual is unpre-
dictable.2 Burn pain has three major components: back-
ground pain (pain at rest), breakthrough pain (e.g. pain
following activities such as turning in bed or walking), and
procedural pain (e.g. pain during wound care procedures).
It is characterized by primary and secondary hyperalgesia.3

Pain may still be present long after the burn has healed,
causing continued impairment of function. The likelihood
of developing chronic pain and associated psychological
morbidity can be reduced with appropriate and aggressive
acute pain control.4 In this chapter, the mechanisms and
time-course of burn pain are described and the various
strategies available to treat burn pain are discussed.

MECHANISMS OF BURN PAIN

� Severity of burn pain cannot be predicted from
depth or area of burn.

� Burn pain is divided into background, breakthrough,
and procedural pain.

� Severity of pain is linked to psychological morbidity.

Burn injury

Cutaneous burns remain a common cause of accidental
injury. In the UK, there were 532 fire deaths and 14,400
nonfatal injuries in 2004.5 The number of fires in the UK
and worldwide is falling. For example, fire and burn
deaths in the United States declined approximately
60 percent from 1971 to 1998.6 The mortality of burn
injuries has declined significantly due to advances in



treatment. In 1984, the total body surface area burn lethal
to 50 percent of patients was 65 percent. This had
improved to 81 percent by the early 1990s.7

Burn injury causes local cell death. This is followed by
variable amounts of healing, regeneration, scarring, and
contraction. Modern surgical management is directed at
accurate assessment of depth of burn, early surgery, and
excision of necrotic tissue to reduce infection, and early
wound closure to promote maximal functional and
esthetic recovery.8 Much attention is directed to factors
that influence survival, such as resuscitation, smoke
inhalation, and intensive care. Pain management is also of
considerable importance.

Burn wound depth is important because of the
potential damage to nerve endings and the subsequent
pain sensation. The depth of burn wound may be
classified8 as:

� superficial, in which the epidermal damage heals
within a week;

� superficial partial thickness, in which the epidermis is
completely destroyed along with more superficial
dermis. As most adnexal structures survive, this
injury heals within two weeks without scarring;

� deep partial thickness, in which epidermis and
substantial parts of dermis including nerve endings
are destroyed, leading to incomplete healing over
several weeks;

� full thickness, in which all skin elements including
nerve endings are destroyed with variable
involvement of underlying structures.

In theory, depth may be used to predict the amount of
pain that is likely to be experienced. In practice, there is no
reliable way of predicting pain intensity from the char-
acteristics of the burn injury.2 Pain from superficial partial
thickness burns may be severe, as nerve endings are
damaged but continue to function. The pain is variable
and exacerbated by contact with different surfaces and
when the affected areas are cleaned and dressed. In deep
partial thickness burns, not all nerve endings are destroyed,
so the ability to detect pain remains. Pain should, in the-
ory, be absent in full-thickness burns as the nerve endings
are destroyed. Surprisingly, patients with full-thickness
burns tend to have the most pain.9 This can be explained
by the increased frequency and intensity of therapeutic
procedures that the burn patient has to undergo and the
presence of complex chronic pain with a neuropathic or
sympathetically maintained component due to nerve
endings growing back into the granulating area. The
remote unburned skin sites that are used for donor skin
may be as painful, or more painful, than burned areas.10

Characteristics of pain after burn injury

Initially, at the time of burn injury, there is an immediate
and massive stimulation of nociceptors in the damaged

skin, which may be experienced as pain, irrespective of the
depth of the burn.

INFLUENCE OF LEVEL OF CONSCIOUSNESS

As the patient’s consciousness may be impaired at the
time of injury – owing to factors commonly associated
with burns injuries, including alcohol, smoke inhalation,
epilepsy, and head injury – appreciation of this pain will
vary. Interestingly, a significant proportion of patients
who remain conscious after major burns, experience no
pain in the early stages. It is thought that psychological
factors play a major part in this response.

PERIPHERAL MECHANISMS

A number of polymodal cutaneous nociceptors sensitive to
heat have been identified. C-fibers responsive to mechanical
and heat stimulation predominate, but two A-fiber noci-
ceptors are also sensitive to heat and mechanical stimuli.
Once the skin is damaged by the burn, the response to
further stimuli is altered by the development of increased
sensitivity to pain both in the burned skin and in the
surrounding, apparently normal, skin.11 This is the result of
the development of primary and secondary hyperalgesia.3

Primary hyperalgesia is due to sensitization and continued
stimulation of peripheral nociceptors by a number of
inflammatory mediators, such as substance P, bradykinin,
histamine, and calcitonin gene related peptide.12 In the area
of primary hyperalgesia, there is increased sensitivity to
both mechanical and thermal stimuli. Even normally
nonpainful stimuli such as light pressure may be painful
(allodynia).13 Some patients have spontaneous pain.

CENTRAL MECHANISMS

Secondary hyperalgesia is thought to be due to changes
within the dorsal horn of the spinal cord leading to
sensitization and lowering of the thresholds of neurons
involved in pain transmission within the dorsal horn. It
has been demonstrated that these wide dynamic range
neurons increase their receptive field in response to per-
ipheral stimulation following tissue damage.14 Thus, the
apparently normal skin surrounding a burn may
demonstrate abnormal sensitivity to painful (hyper-
algesia) and normally nonpainful (allodynia) stimuli. The
initial injury and repeated painful insults lead to central
sensitization or spinal cord ‘‘wind up’’ and further
amplification of the pain. The development of spinal cord
wind up and secondary hyperalgesia has been extensively
investigated in the search for more effective analgesia.15, 16

The use in the experimental situation of preinjury local
analgesics with lidocaine (lignocaine) only has a mild
effect on the development of hyperalgesia.17[III] Pro-
longed application of local anesthetic cream to the injured
area does not affect subsequent hyperalgesia.18[III] Much
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of the hypersensitivity and dysesthesia decreases as the
burn wound heals.2 Although bradykinin is thought to
have a role in this process, these findings can be repro-
duced in the presence of kininogen deficiency, which
indicates that other mechanisms are also involved.19

Following thermal injury, a peripheral antinociceptive
effect of morphine can be demonstrated. The practical
relevance for this in managing burn pain is unclear.20

Gabapentin reduces hyperalgesia induced by burn
injury.21[III] This may open up new avenues for pain
relief following burns. The efficacy of N-methyl-D-aspar-
tate (NMDA) antagonists such as ketamine, memantine,
and dextromorphan in preventing secondary hyperalgesia
confirms that central sensitization plays an important role
in pain management.22[II], 23[II], 24[II] In addition to
local and spinal cord changes, a number of other factors
also affect the patient’s experience and response to burn
pain and form the basis for psychological and distraction
therapies.

NOCICEPTIVE AND NEUROPATHIC PAIN

Patients with a burn injury often have pain symptoms and
signs consistent with a diagnosis of neuropathic pain. It is
important to recognize neuropathic pain as it may be
more effectively treated with adjunctive analgesics, such
as tricyclic antidepressants and anticonvulsants.

Background, breakthrough, and procedural
pain

Practically, the pain experienced by burns patients can be
divided into three categories: background, breakthrough,
and procedural pain. Background pain is experienced
continually. It correlates poorly with the severity of the
burn. It remains fairly constant in the absence of major
interventions, may be significant and requires treatment.2

If it is not treated adequately it predisposes to the devel-
opment of chronic pain and anxiety about the severity of
procedural pain. It can usually be managed by relatively
simple analgesic regimens. Background pain tends to be
worse in the first week after injury and usually decreases
with time.25 Minor routine activity may lead to further
pain. Some patients also describe spontaneous pain more
consistent with a diagnosis of neuropathic pain.

Procedures including physiotherapy, dressing changes,
and surgery are associated with short lasting, acute pain
which requires much more intense analgesia. The pain of
some procedures may be so severe that general anesthesia
is needed.9

Evolution of burn pain

Effective pain management following burn injury is made
more difficult by the unpredictable severity and nature of

pain over time.2, 9 Background pain will usually gradually
reduce as the burn wounds heal and skin cover is
achieved. In some patients though, pain appears to
increase with time.10 This may be due to complications
such as infection or the development of neuropathic or
complex regional pain syndromes. In one study, more
than 80 percent of patients still had tingling, stiffness, cold
sensations, or numbness and 35 percent complained of
pain in the scarred tissue one year after the injury.2 In one
study, more than half of the patients with symptoms over
a year after the burn have impairment of daily living as a
result. Approximately half still had significant pain after
an average of 12 years from time of injury.26 Long-term
sequelae include sensory loss, abnormal pain sensation,
and chronic pain syndromes, especially in those areas that
have been grafted or where the burn was deep.27

Effect of psychological factors on burn pain

Psychological factors may greatly influence the patient’s
appreciation of, and response to, pain. The psychological
consequences of the burn, combined with the premorbid
psychological state of the patient, may lead to severe
psychological problems that may be long lasting.28

Depression may increase the patient’s report of pain.2

Patients who exhibit the greatest posttraumatic stress
experience greater levels of pain at rest and during pro-
cedures.29, 30 Patients who experience severe pain during
procedures have an increased risk of psychological mor-
bidity.31 Careful attention to pain management is espe-
cially important following burn injury in children.32

ASSESSMENT OF BURN PAIN

Pain has been managed for years without formal assess-
ment of severity or recording of response to treatment.
Pain measurement tools have commonly been used in
research, but it is only relatively recently that routine
assessment of pain in clinical practice has become
widespread.

For detailed assessment, the most widely used techni-
que is the McGill Pain Questionnaire.2, 33 This is accepted
as a good test for pain that is relatively stable. Owing to
the length of time it takes to complete, its role in
measuring acute or rapidly changing pain is limited.

The use of observations made by medical or nursing
staff caring for the burned patient is limited by the lack of
good correlation between staff and patient assessments of
pain.34, 35 The effects of analgesics may be overestimated
by nurses.36 Similarly, retrospective patient reports of
pain do not accurately measure the severity of present
pain. Ideally, it is best to have the patient report their
pain at the time. The measurement tools used should be
as simple as possible, as measurements will need to be
repeated on a regular basis. In some centers, the
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multicultural mix of patients with different languages and
cultural backgrounds makes pain reporting difficult.

Pain scoring systems commonly used are:

� verbal rating;
� verbal numerical;
� visual analog.

Simple verbal rating scores of pain (e.g. none, mild,
moderate, severe) are commonly used as changes are easy
to interpret. However, they are more difficult to analyze
and to use for interpatient comparisons. In our experi-
ence, scores with more than five categories can lead to
confusion. To overcome these problems, visual analog or
verbal numerical rating scales can be used. These are
easier to deal with statistically but have practical diffi-
culties. A visual analog scale ruler/thermometer can be
used for children or if there are language problems.37, 38

Other quantitative scores such as the Children’s Hospital
of Eastern Ontario Pain Score (CHEOPS) may be used by
nurses for pediatric patients.39 Pain measurement is
essential if analgesic protocols are to be adapted to the
needs of individual patients. The scoring system used is
less important than the consistent application of a score
that is recorded at frequent intervals for background pain
and during procedures.

Simple, widely applied, and regularly used measure-
ments of pain are recommended.

TREATMENT OF BURN PAIN

Following the burn injury, patients are subjected to a
number of maneuvers that may be painful. These include
removal from the fire, resuscitation, transportation to a
hospital, assessment, and urgent procedures, such as
intravenous access, control of the airway, urethral catheter
insertion, radiographs, escharotomies, and transport to
the burns unit or intensive care unit. Pain management is
an important issue during all these maneuvers. Initially,
the patient’s pain may be severe or surprisingly mild, but
the severity is rarely recorded. The perception of pain by
the patient may also be affected by alcohol, a post-ictal
state, prescribed or recreational drugs, or other causes of
altered levels of consciousness, such as smoke inhalation,
hypoxia, or hypotension.

The management of burn pain, before formal assess-
ment and stabilization, is very difficult to study. Recom-
mendations are therefore based on observations and
clinical experience. Simple measures, such as cooling40

[III] and covering the burn and immobilizing the patient,
may suffice. Local cooling, however, does not prevent the
development of hyperalgesia in humans.41 Once appro-
priately trained personnel are available, on site or on
arrival in the hospital, then parenteral opioid adminis-
tration becomes the most widely used form of analgesia
for patients with all but the most trivial burns. At this

stage, opioids should be administered intravenously as the
intramuscular or subcutaneous routes are unreliable,
particularly where hypovolemia and vasoconstriction are
present. Irrespective of the opioid chosen, titration of
small intravenous bolus doses is the most effective way to
obtain pain relief. Once control is obtained, infusions or
patient-controlled analgesia (PCA)42, 43, 44[II] systems
may be used. Analgesia can be provided by inhalation of a
mixture of oxygen and nitrous oxide, in varying con-
centrations. Entonox, a 50:50 mixture of oxygen and
nitrous oxide, is available in some countries,45[III] but if
smoke inhalation or another reason for hypoxia is present
100 percent oxygen will be needed. In addition to drug
therapy, other essential approaches include reassurance
and compassion, cooling of the burn wound,46[III]
positioning, and suitable support or beds that minimize
pressure on the wound. Dressing the wound with a
transparent cover such as clear plastic film allows repeated
inspection in the early stages without removing the
dressing. Fear, anxiety, awareness of their injury and
injury to others, loss of property, and feelings of guilt or
despair may exacerbate distress at this stage, especially if
the injury was a result of attempted suicide.

Following initial resuscitation, an attempt should be
made to distinguish between background pain and pain
associated with procedures. A plan should be developed
to treat each type of pain. Background pain may initially
be treated with intravenous opioids by continuous infu-
sion or PCA. Later, once adequate analgesia has been
obtained and oral intake resumed, oral opioids and other
oral analgesic agents may be used.46[III] Multimodal
analgesia using drugs with different mechanisms of
action, such as paracetamol (acetamoniphen), non-
steroidals, local anesthetics opioids, and adjunctive
analgesics improves analgesia and reduces side effects.

A separate plan is required for more severe procedural
pain. This can vary from a slight increase in therapy for
background pain to the use of short-acting potent opioids
such as alfentanil47[III] or remifentanil, local anesthetic
blocks, or general anesthesia. In addition, a variety of
psychological and supportive techniques in conjunction
with drug-based management have been tried.48[II], 49[II]

Opioids

Intravenous opioids remain the most popular method of
reducing burn pain.50, 51 Morphine has been widely used
and investigated in this setting. The pharmacokinetics of
morphine, and that of its principle active metabolites, do
not differ significantly between patients with and patients
without burns; as a result, similar doses can be used.52

[III], 53[III] In common with other opioids, morphine
has sedative and antitussive properties and, depending on
the route of administration, it has a relatively long
duration of action. The metabolites of morphine, espe-
cially morphine-6-glucuronide, may play an active role in
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analgesia, especially when morphine is used for prolonged
periods.54 Morphine is commonly used as PCA for burn
pain.42, 43, 44[II] PCA is a useful method of adjusting dose
to requirements as the pain levels may change quite
rapidly due to movement and procedures, but there may
also be a gradual increase in opioid requirements with
time. As PCA is reliant on a patient’s ability to use the
equipment, fixed rate infusions have been used post-
operatively in burns patients but seem to provide an
initially inferior level of analgesia when the pain is most
intense.55[III]

Other opioids which are more commonly used during
anesthesia have been to treat procedural pain. The more
rapid onset, increased lipid solubility, and ease of titration
of these drugs are potential advantages, although the
potential respiratory depression from these potent
analgesics is a concern. PCA fentanyl has been used to
treat postoperative burn pain and it has also been suc-
cessfully used by the intranasal route in pediatric
patients.56[III], 57[II] A randomized crossover study of
patient-controlled intranasal fentanyl and oral morphine
for burns dressing changes in adult patients found them
to have similar efficacy and safety.58 Two case series have
described the successful use of alfentanil during dressing
changes with no significant respiratory depression.47[III],
59[III] Remifentanil, which is very rapid acting, has been
used during burn surgery60 and it may be feasible to use
this outside the operating theater, although the safety of
this drug in that setting would need to be established.

Pethidine (meperidine) may be administered by PCA,
but problems with norpethidine (normeperidine) toxicity
can occur, especially with high doses, prolonged use, or
renal impairment.61 Methadone administration has been
described for burn pain, but its long and unpredictable
half-life makes rapid titration difficult. It may be useful if
there is a neuropathic component to the pain as there is
evidence that it has activity at the NMDA receptor.62[IV]

The use of agonist–antagonist drugs and partial ago-
nists in order to reduce pure agonist-related side effects
has also been described. Nalbuphine has been shown to be
as effective as morphine for the relief of burn debride-
ment pain, and has also been used successfully for pre-
hospital analgesia.63[IV], 64[IV] These drugs may be more
expensive than pure agonists, but the ceiling on the
respiratory depressant effect has potential advantages.

Other drugs, such as benzodiazepines, may be used in
combination with opioids to provide greater degrees of
anxiolysis; however, the risk of respiratory depression is
greater.65[III] Lorazepam, when combined with mor-
phine, has been shown to improve analgesia in patients
who have more severe pain.66[IV]

Despite the widespread use of opioids to treat burn
pain, psychological opioid addiction is unlikely to
develop as a consequence of treating burn pain, although
a physical dependence may occur.67 Opioids are also
theoretically associated with depression of immune
function and in one retrospective study opioid usage was

associated with an increased risk of infection in patients
with small burns.68 It has also been noted that the
increasing dosage of opioids used to treat burn pain has
been associated with an increase in fluid requirements,
however a causal link between the two observations is
lacking.69 It could be that improved resuscitation has
been matched by an improved understanding of the
analgesic requirements in burns patients.

Nonopioid analgesia

A variety of nonopioid drugs has been investigated for the
treatment of burn pain.70, 71 In one study of burns centers
where opioids were not used it was observed that the pain
relief obtained with nonopioids was similar to that
obtained with opioids.72[II] In addition, there may be a
reluctance to administer opioids to elderly patients with
burns because of the increased risk of side effects.73

Nonsteroidal anti-inflammatory drugs (NSAIDs) have
been used successfully to treat pain or reduce opioid
requirements in a variety of acute pain conditions. The
use of parenteral nonsteroidal anti-inflammatory agents,
such as ketorolac, has been described to treat burn pain.74

[IV] It was also postulated that the use of ketorolac was
associated with other benefits due to the anti-inflamma-
tory effects in the burn patient.75[IV] Caution is required
in the presence of hypovolemia or renal injury as the use
of NSAIDs in burns patients has been associated with
deteriorating renal function.76 The fear of causing or
exacerbating gastrointestinal ulceration following burn
injury should also limit the use of NSAIDs. Despite the
potential of a lesser gastrointestinal risk with cyclooxy-
genase-2-selective inhibitors drugs, these drugs have sig-
nificant cardiovascular and renal risks.77 As a result, there
are no prospective trials of these drugs as analgesics in
burns patients that allow conclusions to be made
regarding their potential clinical role.

Experimental burn pain can be relieved using NMDA
antagonists such as ketamine.78 Unfortunately, high-dose
ketamine is associated with unpleasant side effects, such
as hallucinations and dysphoria. Low-dose ketamine may
be an effective analgesic and may reduce opioid require-
ments.79[I] It is an attractive option as the action of
ketamine on the NMDA receptor has been shown to
reduce central sensitization and the development of sec-
ondary hyperalgesia in animal models of neuropathic
pain. Experience in small trials and larger case series
provides reasonable evidence that ketamine is effective
and safe for the management of burn pain.80[IV] As
ketamine is stereoselective, S ketamine may prove to be a
superior analgesic and its successful use has been descri-
bed in one pediatric case series.81[III]

Other pharmacological interventions commonly used
for the treatment of neuropathic pain – such as tricyclic
antidepressants, anticonvulsants, including gabapentin,
and membrane stabilizers – are increasingly used, but
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evidence for their efficacy in burn injury is lacking. Clo-
nidine, an alpha-2 agonist, produces analgesia when given
systemically.82[III] Analgesia is prolonged when it is
added to epidural mixtures of local anesthetic and
opioids.83[II] A case report has suggested that it can be
used to successfully treat burn pain that is responding
poorly to opioids.84[V] In a small, prospective, rando-
mized placebo-controlled study, clonidine reduced the
requirements for fentanyl in burn pain.85[II]

The use of intravenous lidocaine (lignocaine) to pro-
vide analgesia may be extremely effective in burn patients,
especially if there is a neuropathic component; however,
concerns regarding side effects may be the reason why this
effective technique has not gained more widespread
acceptance.86[V]

Local anesthesia

There may be a number of reasons why a local or regional
anesthetic technique may be inappropriate in a significant
number of burns patients. Both the donor and burn areas
may extend beyond the area covered by a single techni-
que, and there may be a reluctance to perform these
procedures in patients at risk of sepsis. Both topical and
subcutaneous applications of local anesthetic have been
used for the treatment of burn pain.17[II], 87[IV]

Inhalation anesthetic agents

The use of these agents at subanesthetic concentrations
has possible advantages such as ease of delivery, pre-
dictable elimination, and freedom from the need for
prolonged fasting. Methoxyflurane and trichloroethylene
have both been shown to provide useful analgesia for
burn dressings.88[V] Methoxyflurane use is limited by the
risk of serious nephrotoxicity89 and trichloroethylene was
withdrawn as agents undergoing less biotransformation
were introduced. Halothane, enflurane, and nitrous oxide
were subsequently used as inhalational agents for burn
dressings.90, 91 Concerns regarding halothane hepatotoxi-
city and enflurane use in patients at risk of convulsions
have tended to reduce the utilization of these agents. With
repeated exposure, nitrous oxide-induced bone marrow
suppression may occur, mediated by inhibition of
methionine synthetase. It has been suggested that patients
receiving repeated exposures to nitrous oxide should
receive vitamin B12 and folinic acid supplements.92 Neu-
ropathy may also occur in the absence of hematological
evidence of bone marrow suppression, especially if
there is vitamin B12 deficiency.93, 94, 95[V] Concerns over
repeated exposure of patients and staff to nitrous oxide
should limit its clinical utility. Currently, the use of low-
dose isoflurane and desflurane for short procedures is
being investigated because of their minimal metabolism
and the rapid recovery of patients after using these
agents.96[II]

General anesthesia

Although opioids alone or in combination with other
drugs and techniques may provide worthwhile relief for
rest pain and pain during some procedures, there are
procedures for which the provision of adequate pain relief
in the conscious patient is impossible. Many of the pro-
cedures required are unsuitable for the awake patient.
Therefore, general anesthesia will be required.

No single technique has gained widespread acceptance
as the gold standard. Altered pharmacokinetics and
pharmacodynamics, difficult airway, problems of mon-
itoring, and maintenance of body temperature in the face
of long procedures with large blood loss present obvious
difficulties. Also, reluctance to use muscle relaxants,
because of the sensitivity to suxamethonium (succinyl
choline) and resistance to nondepolarizing drugs, affects
the type of anesthetic given.97, 98

If possible, repeated general anesthesia should be
avoided to prevent recurrent exposure to volatile agents
and to minimize the interruption of feeding due to
repeated fasting. However, a large series of patients having
wound debridement or dressing changes under anesthesia
suggest that these can be carried out safely with minimal
disruption to nutrition.99, 100 In an attempt to keep the
postoperative sequelae of anesthesia to a minimum, the
use of short-acting, rapidly metabolized agents such as
alfentanil and propofol has been investigated.101 As in
other types of surgery, this technique is associated with a
quick recovery, which may have advantages in burns
patients. In children, the use of ketamine is popular owing
to the cardiovascular stability and airway safety. In adults,
it is associated with unpleasant dreams. The drug is well
tolerated in children and is used for operative procedures
and dressing changes.102, 103 Ketamine has profound
analgesic effects and can be given by the intramuscular,
rectal, or intravenous routes.104

Nonpharmacological approaches

Hypnosis has been used for the treatment of burn pain,
and it has been shown to reduce procedural pain in a
small study using historical controls.105[IV] However,
lack of prospective randomized trials makes it difficult to
compare this therapy with conventional drug treat-
ment.106 When used in combination with opioids, no
benefit could be demonstrated for the use of hypnosis,
lorazepam, or both compared with opioid alone.107[II]
This may suggest that these techniques are suitable for
mild pain as an alternative to drug therapy. Other studies
suggest that it is patients with severe pain that show some
benefit from hypnosis.108 An additional problem is
that only a proportion of patients are susceptible to
hypnosis.109

The use of auricular electrical stimulation, which is
similar to acupuncture, can reduce procedural pain.110
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[IV] Therapeutic touch techniques can be shown to
reduce pain scores, but not analgesic requirements, in
burn patients.111[V] Massage therapy is associated with
decreased pain and less depression.112[V] Music therapy
has a positive effect on pediatric patients’ pain and
anxiety during donor site dressing changes.113, 114[V]

Mild pain can be reduced using a number of cognitive
and behavioral techniques. Techniques include watching
television or videos,115[V] talking about pain, and the use
of virtual reality distraction therapy using gaming con-
soles.116, 117 These techniques were not effective for severe
pain.118 These psychological coping strategies may be
employed by experienced burn unit staff.119 In children,
parental involvement may reduce the pain and anxiety
associated with procedures.120[V] The relative failure of
nonpharmacological therapies in severe pain has also
been demonstrated in children.121 Fear avoidance beha-
vior is common in recovered burn patients and the
incidence correlates with severity of pain symptoms and
psychological distress.122 As a result of the high incidence
of psychiatric morbidity in burn patients and the asso-
ciation of psychological morbidity with severe pain,
psychological support is important. Psychologists and
psychiatrists are therefore essential members of the burn
care team.123

Burn wound dressings

The goals of burn therapy are to achieve skin cover over
the uninfected burn wound, healing with good cosmetic
and functional result, and a reduction of and finally relief
from pain and discomfort. Unfortunately, this goal may
take some time to achieve, and in the meantime the
wound must be covered. Recent discussions of new burn
dressings have included consideration of their effect on
the patient’s pain. The use of honey as a burns dressing
has been reported to lead to improved results and less
pain. The low cost and easy availability may make such
simple biological dressings acceptable where resources are
very limited, but such therapy is unlikely to be acceptable
where other topical creams are available.124[V] A variety
of dressings such as Biobrane or hydrocolloidal dressings
have been described as being associated with increased
patient comfort.125[III], 126

Pain relief in practice

The quality of evidence for the efficacy of treatments of
burn pain is poor, with a large number of small studies,
pilot studies, and case reports, but relatively few large
randomized controlled trials. This is a reflection of the
difficulties in studying this group of patients. The sys-
tematic undertreatment of pain in burns units should be
avoided. Different strategies are required to treat back-
ground, breakthrough, and procedural pain. Owing to the

unpredictable severity of the pain, its regular measure-
ment is required with frequent adjustment of doses and
drugs used.
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KEY LEARNING POINTS

� Acute neuropathic pain associated with neurological

disorders may be treated with antidepressants,

anticonvulsants, opioids, or tramadol. In cases of severe

pain, intravenous administration of opioids, tramadol,

low-dose ketamine, or lidocaine may be useful for

‘‘rescue analgesia.’’
� Gabapentin, opioids, plasma exchange, immunoglobulin

therapy, and possibly steroids are effective in the

treatment of acute pain in Guillain–Barré syndrome.

Supplemental analgesia includes tramadol, paracetamol,

nonsteroidal anti-inflammatory drugs (NSAIDs),

intravenous low-dose ketamine or lidocaine (lignocaine),

physical therapies, and comfort measures.
� In patients with acute abdominal pain, parenteral

opioids provide rapid and effective analgesia and do not

interfere with the diagnostic process.
� Pethidine should be avoided in the treatment of acute

pain associated with abdominal disorders, sickle cell

anemia, and the porphyrias. The accumulation of nor-

pethidine, (particularly with high-dose pethidine

administration and in renal impairment) may produce

adverse neurological sequelae, such as an altered

mental state, myoclonus, and seizures. There is no

advantage to using pethidine (meperidine) in terms of

reducing abdominal pain (due to smooth muscle spasm

or colic) or nausea and vomiting and the risk of opioid

addiction is higher.
� Intravenous low-dose ketamine may improve analgesia

in patients with acute abdominal pain that is poorly

responsive to opioids (including tolerance) or where

there is visceral hyperalgesia (e.g. chronic abdominal

pain disorders).
� In renal and biliary colic, intravenous NSAIDs, and to a

lesser extent opioids, provide effective ‘‘first line’’

analgesia; anticholinergic smooth muscle relaxants such

as hyoscine N-butylbromide and atropine are

ineffective. In renal colic, ondansetron, transcutaneous

electrical nerve stimulation (TENS), intranasal

desmopressin, or medical expulsive therapies may also

improve pain relief.
� Antispasmodic agents and peppermint oil are effective

analgesics in irritable bowel syndrome (IBS).
� NSAIDs are the most effective analgesics for primary

dysmenorrhea, although aspirin, paracetamol

(acetaminophen), TENS, and abdominal compression are

also beneficial; vitamin B1 and vitamin E provide

effective prophylaxis against pain and blood loss.
� Most forms of acute orofacial pain are treated

effectively by NSAIDs, cyclooxygenase (COX)-2 selective

inhibitors, aspirin, paracetamol, opioids, or tramadol,

either alone or in combination. Steroids reduce pain in

acute pharyngitis and antibiotics reduce pain marginally

in pharyngitis, acute otitis media, and sinusitis.
� Intravenous opioids, nitroglycerine, and inhaled nitrous

oxide in oxygen are effective analgesics for acute

ischemic chest pain.
� During a sickle cell crisis, parenteral or oral opioids,

NSAIDs, paracetamol, and nitrous oxide provide

effective analgesia; steroids, nitric oxide, and disease-

modifying agents may also improve pain relief.



� In acute porphyria, pain management is based on

ceasing triggers, early administration of hematin,

high-dose dextrose, and possibly cimetidine

and the use of intravenous and (later) oral opioid

analgesia. Paracetamol, hyoscine N-butylbromide,

gabapentin, nitrous oxide, and TENS may also be

beneficial as part of a multimodal analgesia

approach.
� This chapter aims to provide scientific evidence for the

treatment of acute pain associated with medical

disorders and is not intended to detail their primary

management.

ACUTE PAIN ASSOCIATED WITH
NEUROLOGICAL DISORDERS

Acute pain associated with neurological disorders is
usually neuropathic in etiology, although nociceptive pain
may also occur, such as painful muscular spasms in
multiple sclerosis or shoulder subluxation pain after a
stroke. There is minimal specific evidence to guide the
management of acute pain associated with many neuro-
logical disorders; treatments are largely based on evidence
from studies of chronic neuropathic pain. Associated
psychosocial problems and physical disabilities should be
managed within a multidisciplinary framework. The
management of acute pain associated with headache and
herpes zoster will be discussed in Chapter 34, Headache
and Chapter 32, Herpes zoster pain including shingles
and postherpetic neuralgia both in the Chronic Pain
volume of this series.

Central post-stroke pain

Central post-stroke pain develops in 8.4 percent of stroke
patients, usually within a few months.1 There are no
specific data for treatment of acute pain in this condition;
however, persistent pain may be treated with tricyclic
antidepressants such as amitriptyline2[I], 3[I] or anti-
convulsants such as lamotrigine.4[II] Gabapentin may
also be effective, based on evidence of benefit in the
treatment of spinal cord injury pain.5 Post-stroke patients
may also develop acute musculoskeletal pain, particularly
a shoulder pain syndrome associated with subluxation,
requiring treatment based on physical therapies, such as
shoulder stabilization or TENS, and analgesia, such as
paracetamol, NSAIDs, or COX-2 selective inhibitors,
opioids, tramadol, and suprascapular nerve or shoulder
joint injections with local anesthetic and steroid. An
acute flare-up of peripheral limb pain may herald the
development of a superimposed complex regional pain
syndrome (CRPS).

Multiple sclerosis

Multiple sclerosis (MS) is associated with persistent cen-
tral pain in 28 percent of patients with 20 percent

reporting musculoskeletal pain such as back pain or
muscle spasms.1 Acute paroxysmal ‘‘tic-like’’ pains in
various parts of the body have been described as an initial
presenting symptom or may develop during the course of
the disease.6 Carbamazepine is effective in treating tri-
geminal neuralgia and has been suggested as the drug of
choice for this and other paroxysmal pains in MS.3[I], 7[I]
Other anticonvulsants may be of benefit but specific data
are lacking. The cannabinoid dronabinol was effective in
treating MS-related neuropathic pain in a single small
randomized controlled trial (RCT).3[I] A Cochrane
review concluded there was no clear data to direct the use
of anti-spasticity drugs such as baclofen for acute pain in
MS.8[I] Readers are directed to Chapter 33, Management of
painful spasticity in the Chronic Pain volume of this series.

Guillain–Barré syndrome

Guillain–Barré syndrome (GBS) is an acute inflammatory
sensorimotor polyneuropathy affecting both adults and
children. Ninety percent of patients report pain at some
stage during their illness, usually within the first eight
weeks, with half describing their pain as ‘‘horrible,’’
‘‘distressing,’’ or ‘‘excruciating.’’ The most common
reports are of deep, aching, back and leg pains, and limb
dysesthesiae, however, painful paresthesiae, meningism,
headache (autonomic dysreflexia), muscle and joint
pains, and visceral pain are also described.9, 10 The distal-
to-proximal spread of limb pain that commonly char-
acterizes peripheral neuropathies is not usually seen.11

The back and legs pains usually resolve within ten weeks;
however, 5–10 percent of patients are left with persisting
limb dysesthesiae despite recovery of motor function.10

Patients with GBS are often nursed in an intensive care
setting and may require sedation or tracheal cannulation,
making pain assessment difficult.

Gabapentin is the treatment of choice for acute pain in
GBS, significantly improving pain scores and reducing
fentanyl requirements12[II] and being more effective than
carbamazepine.13[II] However, early treatment with car-
bamazepine also improves analgesia and reduces
requirements for pethidine and sedation.14[II] Intrave-
nous low-dose ketamine15, 16[II], 17[II], 18[II] or lidocaine
infusions16[II], 17[II], 19[I], 20[II], 21[II] and possibly
opioids3[I], 22[II] tramadol,3[I] or lamotrigine23[II] may
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also be useful in the treatment of acute neuropathic pain
in GBS, based on evidence of benefit in other neuropathic
pain disorders, including spinal cord injury pain.

Musculoskeletal pain may be treated with analgesics
including paracetamol, NSAIDs, COX-2-selective inhibi-
tors, and physical therapies. A multimodal analgesia
approach may be useful. Opioids may worsen respiratory
failure and muscular weakness or paralysis may negate the
use of patient-controlled analgesia (PCA) devices.

Disease-modifying approaches such as plasma
exchange24[I] or immunoglobulin therapy25[I] are both
equally effective in the treatment of acute GBS, resulting
in shortened disease duration and improved outcomes,
including pain. Intravenous methylprednisolone hastens
recovery when added to immunoglobulin therapy; how-
ever, steroids alone do not clearly affect GBS outcomes
and oral prednisolone may even slow the rate of recov-
ery.26[I] Case reports show that steroids may provide
rapid resolution of severe backache during the acute
phase of GBS.27

Acute headache in GBS may be due to primary dis-
orders such as tension-type headache or migraine or
secondary to autonomic dysreflexia with acute hyper-
tension, immunoglobulin or steroid therapy,28 menin-
gism, post-dural puncture headache, temporal arteritis,29

or hydrocephalus.30 A case report describes cerebrospinal
fluid drainage via a lumbar intrathecal catheter as an
effective treatment for intractable headache associated
with GBS.31

Comfort measures such as air mattresses, cushioning
and turns, padding of exposed peripheral nerves,
physical therapies, bladder, bowel, pressure-area, eye
and mouth care are all of vital importance in the man-
agement of acute pain in GBS. The psychosocial impacts
of GBS, including prolonged hospitalization, must be
considered and treated within a multidisciplinary
framework.

Acute pain associated with peripheral
neuropathies

Painful peripheral neuropathy has a variety of etiologies,
including diabetes mellitus, nutritional disorders, toxins
(e.g. alcohol), medications (e.g. chemotherapy), trauma,
and surgery. A nutritional deficiency, metabolic disorder,
or ‘‘toxic effect’’ should always be considered where the
diagnosis is unclear. Acute, severe neuropathic limb pain
associated with autonomic features may herald the onset
of a CRPS. Intravenous low-dose ketamine or lidocaine
infusions,16[II], 19[I], 32[II] opioids, or tramadol3[I] may
be useful rescue treatments for severe, acute peripheral
neuropathic pain.

Chronic alcohol intake may result in a toxic poly-
neuropathy involving the sensory, motor, and autonomic
components of the nervous system, most likely due to
thiamine deficiency and/or a direct neurotoxic effect of

ethanol. Classically, alcoholic neuropathy presents as a
slowly progressive, symmetrical, painful peripheral neu-
ropathy, principally affecting the lower limbs in a
‘‘stocking (and glove) distribution.’’ A ‘‘burning feet
syndrome’’ associated with allodynia, lancinating pains,
and sensorimotor disturbance is common. Alcoholic
neuropathy may also present in a rapidly progressive
acute form, sometimes mimicking GBS.33 Acute pain
management is based on alcohol abstinence (and the
treatment of withdrawal), administration of parenteral
thiamine, and provision of analgesia, including the use of
antineuropathic agents such as mexiletine.34 There is a
trend toward improvement in pain with thiamine sup-
plementation35 and lumbar sympathectomy has also been
used successfully for pain management.36

Acute pain in patients with human
immunodeficiency virus Infection

Infection with the human immunodeficiency virus
(HIV) and the subsequent development of acquired
immune deficiency syndrome (AIDS) is an ever-growing
global epidemic, particularly in sub-Saharan Africa and
Asia. In 2004, nearly 40 million people worldwide were
HIV positive. In patients with HIV/AIDS, pain is a
common and progressive symptom, affecting approxi-
mately 25 percent with early stage disease, 50–75 percent
with AIDS, and almost all patients in the terminal
phase.37, 38, 39 The CD41 T-cell count does not predict the
number of symptoms including pain or the severity of
distress.40

Pain may be due to the effects of the virus (which is
neurotropic) or infective or neoplastic processes asso-
ciated with immunodeficiency such as tuberculosis or
Kaposi’s sarcoma. Pain may also be due to treatment-
related adverse effects such as antiretroviral neuropathy,
physical debilitation (in patients with end-stage AIDS) or
unrelated co-morbidities.41, 42

HIV-related pain may occur at multiple sites,
increasing in number throughout the course of the dis-
ease. Common presentations include abdominal pain (26
percent), throat pain (20 percent), multifactorial head-
aches (17–63 percent), chest pain, anorectal pain,
arthralgias and myalgias (5 percent), back pain (5 per-
cent), and pain related to acute herpes zoster (5 percent)
or GBS. Twenty-five percent of HIV patients develop
(often painful) peripheral neuropathies, most commonly
a distal symmetrical polyneuropathy (DSP) usually
affecting the lower limbs, associated with paresthesiae,
abnormal sensory testing, and absent ankle jerks.43 HIV-
associated neuropathy may present at the time of primary
infection, at seroconversion, or during advanced stages of
the disease.44, 45 Increased age, immunosuppression, poor
nutritional status, and the presence of chronic disease are
associated with a higher incidence of peripheral nerve
dysfunction in patients with HIV.46
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TREATMENT OF HIV/AIDS-RELATED ACUTE PAIN

Initially, management of acute pain in HIV/AIDS should
be directed at diagnosis and treatment of the underlying
cause. Disease-specific therapy, psychosocial interven-
tions, and physical modalities should accompany stan-
dard analgesic treatments.42, 47 Unfortunately, HIV/AIDS-
related pain is often undertreated, due to patient and
clinician-related barriers,48, 49, 50, 51, 52 particularly in
patients who are female, non-caucasians, substance abu-
sers, poorly educated, or those with higher levels of psy-
chosocial distress.53 There is a higher incidence of
substance abuse, including opioids, in patients with HIV/
AIDS. These patients report more pain and psychological
distress and may be difficult to treat because of problems
such as opioid tolerance or addiction.

The treatment of acute pain in HIV/AIDS should
parallel the treatment of acute cancer pain, following the
World Health Organization’s analgesic ladder.54 Break-
through pain is defined as pain that breaks through an
existing, effective analgesic regimen.55 Urgent and rapid
titration with an opioid analgesic is usually required;
intravenous56[II] or transmucosal fentanyl57[II] are both
highly effective for the treatment of breakthrough pain.

Oral controlled-release opioids provide effective
analgesia with minimal side effects in the treatment of
severe HIV-related pain;58 however, transdermal fentanyl
may be superior with lower pain scores and improved
daily function.59 Fifteen to twenty percent of AIDS
patients require parenteral opioids for maintenance and
breakthrough analgesia during the terminal phase of their
disease.60, 61, 62

Potentially complex drug interactions should be con-
sidered whenever prescribing opioids (particularly
methadone or pethidine), benzodiazepines, anti-
depressants, or anticonvulsants in HIV/AIDS patients on
antiretroviral, antibiotic, or antifungal therapies. Ritona-
vir decreases the metabolism of fentanyl63[II] leading to
accumulation and increases the concentration of pethi-
dine’s clinically active metabolite, norpethidine, leading
to possible neurotoxicity including seizures.64[III] Rito-
navir also increases the metabolism of methadone and
buprenorphine, but without clinical relevant effects.
Lopinavir, rifampicin, and rifabutin all increase opioid
metabolism (particularly methadone), possibly inducing
withdrawal symptoms in patients on opioid maintenance
therapy.65[III] Fluconazole potentiates the effects of
methadone and, conversely, methadone inhibits the
metabolism of zidovudine, thereby increasing the
bioavailability and toxicity of this antiviral agent.

Bupropion,3[I] lamotrigine,3[I], 66[II] gabapentin,67

[II], 68 or acetyl L-carnitine69 may be effective in treating
HIV-related painful peripheral neuropathy. In contrast,
amitriptyline,3[I], 70[II], 71[II] topical 5 percent lido-
caine,72[II] mexiletine,3[I], 70[II], 73[II] topical capsai-
cin,74 Peptide-T,75[II] vibratory counterstimulation,76

[III] and acupuncture71[II] were ineffective. Although not

studied specifically in HIV/AIDS, intravenous ketamine
or lidocaine infusions, tramadol, or opioids may be useful
in the treatment of severe, acute neuropathic pain.
Although there is good evidence that cannabinoids are
ineffective in the treatment of acute pain, approximately
30 percent of patients attending an HIV treatment clinic
used cannabis for symptom relief, reporting a 90 percent
improvement in muscle pain and painful peripheral
neuropathy.77 There is limited evidence that cannabinoids
may be effective in the treatment of some forms of
peripheral neuropathic pain, although not specifically
HIV-related neuropathy.3[I]

ACUTE ABDOMINAL PAIN

The purpose of this section is not to provide an exhaus-
tive list of all the surgical and nonsurgical causes of
abdominal pain and their management, but rather to
provide evidence for acute pain management approaches.
Acute abdominal pain may originate from visceral or
somatic structures or may be referred. Recurrent acute
abdominal pain may be a manifestation of a chronic
visceral pain syndrome, such as chronic pancreatitis,
recurrent renal calculosis, or irritable bowel syndrome.
Neuropathic pain, abdominal wall disorders, such as
rectus sheath nerve entrapment, or medical conditions
such as diabetic ketoacidosis, hypercalcemia, herpes zos-
ter, porphyria, or abdominal migraine should be con-
sidered. Patients with recurrent acute or chronic
abdominal pain, particularly pelvic pain in women, may
have significant psychosocial issues and would benefit
from comprehensive multidisciplinary pain assessment.
Abdominal pain is a common presenting complaint in
opioid-seeking patients, particularly in primary care set-
tings such as the emergency room (ER) and substance
abuse issues should be considered.

Early accurate diagnosis is obviously important if
surgical intervention is to be curative, e.g. appendicitis,
perforated, or infarcted bowel. When considering such
conditions as acute back pain, the concept of ‘‘red and
yellow flags’’ has been accepted. We believe these terms
might also be useful when reviewing patients with
abdominal pain. The identification of red flags alerts the
team to acute surgical pathology.

Red flags for surgical acute abdominal pain include:

� weight loss;
� history of malignancy;
� history of previous abdominal surgery or pathology;
� rebound tenderness or guarding;
� biochemical/hematological abnormalities.

Patients with acute abdominal pain are often admitted to
hospital for observation, assessment, and further investi-
gation including laparoscopy. Easter et al.,78 reporting on
131 laparoscopies performed for investigation of acute or
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chronic pain and cancer staging, found that 4 out of 7 (57
percent) patients with acute pain and 37 out of 70 (53
percent) with chronic pain had positive findings. These
findings affected treatment options in 71 and 39 percent
of the patients, respectively.

Of equal importance is the identification of psycho-
social yellow flags. Psychosocial issues have long been
recognized as important contributors to abdominal pain
and have been extensively studied.

Psychosocial yellow flags in recurrent acute and
chronic abdominal pain include:

� depression;
� sexual or physical abuse.

Abdominal migraine

Abdominal migraine (AM) is a functional neurogas-
trointestinal disorder most commonly presenting in male
children between the ages of 2 and 11. It is characterized
by recurrent attacks of acute abdominal pain and/or
vomiting and sometimes headache and may be pre-
cipitated by migraine triggers such as stress (parental
separation, school), fasting, or sleep deprivation. There
may be a prodromal or aura phase associated with list-
lessness, drowsiness, mood disturbance, or headache. The
abdominal pain is typically located diffusely in the peri-
umbilical region and is described as burning or aching in
nature, associated with nausea, vomiting, pallor, flushing,
and occasionally fever. A typical episode lasts at least four
hours and children are completely asymptomatic between
attacks.79, 80 Organic causes for the symptoms, such as
appendicitis, need to be excluded before treatment is
commenced.

Prophylaxis includes avoiding trigger factors and the
use of dietary measures. Although there are no specific
data, an episode of AM should be treated using comfort
measures, rest, and simple analgesia including para-
cetamol, NSAIDs, or an antihistamine if the oral route is
reliable. Pizotifen is effective for the prophylaxis and
treatment of AM81[II] and there are case reports
of benefit with propranolol, cyproheptadine, tritpans,
clonidine, or sodium valproate.82

Analgesia in acute abdominal pain

Abdominal pain is the most frequent presenting com-
plaint in patients attending the ER in the United States.
Until recently, it was believed that analgesia masked the
signs and symptoms of abdominal pathology and should
be withheld until a diagnosis was established. However, a
recent RCT demonstrated that intravenous morphine
provides rapid and effective analgesia for acute abdominal
pain and was no different to placebo in terms of
diagnostic accuracy.83[II]

A summary of eight randomized, placebo-controlled
trials confirmed that opioid analgesia does not affect
diagnostic accuracy in adults or children presenting with
acute abdominal pain in primary care situations.83[II], 84

[II]
Based on these data, it has become increasingly

accepted practice that analgesia should not be withheld
for acute abdominal pain in order to facilitate a diagnosis.
However, there are still some concerns with this approach,
particularly in young children or nonverbal adults, or
where there are difficulties in accessing timely surgical
review or appropriate diagnostic imaging. Patients who
have little or no abdominal pain after receiving analgesia
also present a management dilemma.85

Patients with acute abdominal pain but no surgically
treatable pathology are often managed conservatively by
restricting oral intake (including oral analgesics), naso-
gastric drainage, intravenous fluid replacement, and
provision of analgesia. In this situation, intravenous
opioids should be administered, preferably using a PCA
device. In patients on long-term opioid therapy prior to
admission, a background infusion may be necessary to
prevent withdrawal, together with a higher bolus dose
because of tolerance. Once the acute pain has settled,
parenteral opioids should be weaned and the oral route
used as soon as gut function is restored. Co-analgesics,
such as paracetamol or NSAIDs, may be useful as part of a
multimodal approach, although the adverse effects of
these drugs on liver, gut, and renal function should be
considered.

Pethidine should be avoided because of the adverse
neurological effects of its renally excreted metabolite nor-
pethidine, including confusion, myoclonus, or seizures,
and because of a higher abuse potential.86 Tramadol has
an advantage in causing less gastrointestinal stasis,87[II],
88[II] but there may be dose limitations in patients with
severe pain.

Intravenous low-dose ketamine, given either by bolus
doses or infusion, may be useful in severe, acute
abdominal pain that is poorly responsive to opioids,89[II]
particularly in tolerant patients90, 91[II] or in visceral pain
states such as acute-on-chronic pancreatitis.92[II], 93[II]

Renal colic

Renal colic is common, particularly in older males and
during warmer months, with an overall incidence of
1/1000, accounting for 1 percent of all ER visits.94 Most
patients are discharged from the ER within a few hours of
treatment, with approximately 5 percent requiring
admission and 15 percent re-attending within a few days
because of continuing symptoms.95 Renal colic is a
common presenting complaint in patients seeking opioids
(particularly pethidine) for an addiction, so an index of
suspicion must be held. In some cases, renal colic is a
recurrent acute condition or it may be associated with a
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chronic renal (visceral) pain disorder, such as loin pain
hematuria.

Parenteral analgesia is very effective in renal colic with
74 percent of patients becoming pain free soon after
initial treatment, usually in the ER.95 Although NSAIDs
and opioids both provide effective analgesia, NSAIDs are
superior with less vomiting, decreased requirements for
rescue analgesia,96[I] and a lower incidence of recurrent
symptoms in ER patients.97[II], 98[II] The onset of
analgesia is fastest when NSAIDs are given intrave-
nously,99[I] although suppositories may also be effec-
tive.100[II] The oral route is less reliable and effective; oral
rofecoxib or diclofenac administered regularly over 24
hours did not reduce morphine requirements in acute
renal colic.101[II] When administering NSAIDs or
COX-2-selective inhibitors in renal colic, the patient’s
renal function must be considered, particularly if there is
ureteric obstruction.

Although pethidine is commonly administered for
renal colic in the belief that it causes less smooth muscle
spasm and nausea, there is no difference between intra-
venous pethidine or morphine102[II] in the quality of
analgesia and the incidence of nausea is higher with
pethidine.96[I]

Anticholinergic smooth muscle relaxants, such as
atropine or hyoscine-N-butylbromide, fail to provide
effective analgesia in renal colic, when administered alone
or in combination with NSAIDs,103[II] opioids,104[II] or
metamizole.105[I]

Metamizole is an effective analgesic in renal colic,
particularly via the intravenous route. Limited data
indicates that a single dose metamizole is of similar effi-
cacy to other analgesics used in renal colic, although
intramuscular metamizole was less effective than 75mg of
diclofenac.105[I]

Intravenous ondansetron (8mg) produced analgesia in
42 percent of patients with renal colic but was less
effective than 75mg of intramuscular diclofenac.106[II]
Intranasal desmopressin is also an effective analgesic,
either alone or in combination with intramuscular
diclofenac.107[II]

TENS applied over the painful flank reduces pain
scores, anxiety, and nausea in patients with renal colic108

[II] and acupuncture may also be beneficial based on
limited data.109

Although it is common clinical practice to promote
diuresis in patients with renal colic, a single RCT
demonstrated that intravenous fluid therapy (3 L over six
hours) had no effect on pain outcomes or stone transition
at six hours.110[I]

The distal ureter contains specific adrenoceptor sub-
types that produce smooth muscle relaxation. Medical
(renal calculus) expulsive therapy, using the specific alpha
blocker tamsulosin for up to two weeks, significantly
reduced calculus expulsion time, hospitalizations for
recurrent colic, and possibly analgesia requirements,
although further research is ongoing.111 Tamsulosin was

superior to comparative smooth muscle relaxants such as
phloroglucinol or nifedipine in terms of increased stone
expulsion and a reduction in analgesia requirements,
surgical interventions, duration of hospital stay, and days
off work.112[II] There are no clear data on the effects of
urgent lithotripsy or surgical interventions on acute renal
colic.

In summary, acute renal colic should be treated using a
multimodal analgesia approach based on first-line
administration of intravenous (or rectal) NSAIDs and/or
titrated intravenous opioids, supplemented by para-
cetamol, metamizole (dipyrone), ondansetron, TENS,
and possibly acupuncture. Inhalation of nitrous oxide in
oxygen or methoxyflurane may provide short-term
analgesia, particularly in the ER, without specific evidence
in renal colic. For persisting or severe acute pain, opioid
PCA and/or intravenous low-dose ketamine may be
beneficial, the latter based on evidence of efficacy in
patients with opioid tolerance or visceral pain. Intranasal
desmopressin or medical expulsive therapy with tamsu-
losin may also be beneficial. There is no clear indication
for the use of pethidine, anticholinergic smooth muscle
relaxants or fluid diuresis in the treatment of renal colic.

Biliary colic and acute pancreatitis

All opioids increase sphincter of Oddi tone and bile duct
pressures based on animal and human experimental
data,113 although morphine increased sphincter contrac-
tions more than pethidine during cholecystectomy.114[II]
There are no clinical studies comparing opioids in the
treatment of biliary colic or acute pancreatitis-related
pain; however, the use of morphine, fentanyl, or hydro-
morphone is appropriate. Pethidine offers no clear clin-
ical advantage and may be associated with serious adverse
effects (see below under Opioids).113

Parenteral NSAIDs (ketorolac, tenoxicam, or diclofe-
nac) are at least as effective as parenteral opioids and
more effective than anticholinergic smooth muscle
relaxants (hyoscine-N-butylbromide) in providing
analgesia for biliary colic115[II], 116[II], 117[II], 118[II], 119

[II] and may also prevent progression to cholecystitis.115

[II], 116[II], 119[II] Metamizole is more effective than
tramadol or smooth muscle relaxants (butylscopola-
mine).120[II] Glycopyrronium bromide (glycopyrro-
late)121[II] and atropine122[II]) were no more effective
than placebo in relieving acute biliary tract pain. Perhaps
not surprisingly, these are similar findings to the efficacy
of these drugs in the treatment of renal colic. A single
RCT demonstrated faster resolution of acute biliary colic
and right upper quadrant tenderness in patients who were
administered glucagon.123[II]

Expedient cholecystectomy is advocated for crescendo
biliary colic. TENS and comfort measures, such as heat
packs, may be helpful, but there are no data to support
their effectiveness.
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Acute pancreatitis can be a severe life-threatening ill-
ness, although 85 percent of cases are benign and self
limiting, usually resolving within a week. The most
common causes are cholelithiasis or ethanol abuse and
elevated serum amylase levels are usually diagnostic.
Apart from abdominal symptoms, systemic manifesta-
tions may also occur, including sepsis. The treatment of
acute pancreatitis is largely supportive with therapy
aimed at reducing pancreatic secretions (by restricting
oral intake and using nasogastric drainage), replacing
fluid and electrolyte losses, blood sugar control and
occasionally the use of antibiotics, or endoscopic, surgi-
cal, or critical care management. Treatment of alcohol
withdrawal may be required in patients with alcohol-
induced pancreatitis, which may complicate pain man-
agement. Acute pancreatitis-related pain may be a ‘‘one-
off ’’ event or an acute exacerbation of a chronic visceral
pain syndrome such as chronic pancreatitis.

Patients with recurrent acute or chronic pancreatitis-
related pain may be treated with long-term opioids,
associated with complications such as tolerance and
addiction and in some cases alcohol abuse. Abdominal
pain due to ‘‘pancreatitis’’ is a common presenting
complaint in patients seeking opioids for addiction, so an
index of suspicion must be maintained.

Although there are no specific data for pain manage-
ment in acute pancreatitis, the use of parenteral opioids,
preferably via a PCA device (during fasting) and multi-
modal analgesia including regular paracetamol (if liver
function is normal), and possibly a COX-2-selective
inhibitor, may be appropriate. Although traditionally
used as the first-line opioid in pancreatitis, pethidine
should be avoided as there is no clear clinical or phar-
macological advantage in terms of reduced biliary spasm
or colic.113 In addition, the administration of higher doses
of pethidine (greater than 10mg/kg per day) over several
days, as is common in acute pancreatitis, is associated
with accumulation of norpethidine and the possible
development of adverse psychocognitive effects, myoclo-
nus, or seizures, particularly in patients at risk of alcohol
withdrawal. Fentanyl PCA has been used extensively with
good effect in the treatment of acute pain in pancreatitis
and may be the opioid of choice (Visser EJ, personal
communication). Tramadol may also be effective with
less gastrointestinal stasis and possibly less biliary
spasm; however, its usefulness may be limited by dose
restrictions or the risk of seizures associated with alcohol
withdrawal.

Parenteral NSAIDs may improve analgesia in acute
pancreatitis, particularly if there is biliary colic. However,
caution should be exercised if the patient is systemically
unwell or at risk of gastrointestinal or pancreatic
hemorrhage or renal impairment. Apart from renal con-
siderations, a parenteral COX-2-selective inhibitor may be
preferable as there is no bleeding risk and the rate of acute
peptic ulceration is similar to placebo if used for less than
five days.124[II]

In patients with severe acute pain that is poorly
responsive to opioids or where there is visceral hyper-
algesia (chronic pancreatitis), intravenous low-dose
ketamine may be effective although there are no specific
data to support this approach in acute pancreatitis.

Chronic pancreatitis develops in up to 10 percent of
acute cases and may be difficult to diagnose. In a review
of the diagnostic criteria, Clain and Pearson comment
that ‘‘chronic pancreatitis is not a single well-defined
entity but rather it is a condition with multiple causes, a
complex, not well defined pathogenesis and a variety of
clinical presentations’’. Normal serum amylase levels do
not exclude the diagnosis.125 Patients with chronic pan-
creatitis may have diabetes and therefore related pain
disorders such as painful peripheral neuropathy or, rarely,
acute abdominal pain due to diabetic ketoacidosis. Psy-
chosocial and substance abuse issues (including alcohol)
are common in this group of patients and may impact on
acute pain management.

Irritable bowel syndrome and inflammatory
bowel disorders

Irritable bowel syndrome (IBS) is a common, functional
gastrointestinal or visceral hypersensitivity disorder
affecting 2.6 percent of the population, particularly
females,126 and is frequently associated with other com-
plex pain syndromes such as functional dyspepsia,
fibromyalgia, headaches, or dysmenorrhea. IBS is char-
acterized by recurrent, episodic gastrointestinal symp-
toms, principally defecation-related abdominal pain and
intestinal dysfunction (constipation, diarrhea, or both)
and is diagnosed clinically using Rome III criteria.127

Although 70 percent of patients with IBS do not seek
medical attention, they frequently use over-the counter-
medications128 and symptoms may significantly affect a
patient’s health-related quality of life.129 Psychosocial
factors such as anxiety and depression are common in IBS
and may impact on acute pain management.

Smooth muscle relaxants130[I] or peppermint oil131[I]
provide effective acute pain relief in IBS. However, there
are no specific data for opioids, tramadol, NSAIDs, or
paracetamol, including over-the-counter medications, in
the treatment of IBS pain. Preventive treatments such as
antidepressants or anti-bulking agents are not supported
by high level evidence,132[I] although citalopram133[II] or
fluoxetine134[II] may reduce pain and constipation. The
partial 5HT4 receptor agonist tegaserod reduces IBS-
related constipation and possibly pain (in females),135[I]
whereas the 5HT3 antagonist alosetron is effective where
diarrhea predominates.136[I] Cognitive-behavioral ther-
apy was no better than standard care in the treatment of
IBS, including pain.137[II]

Crohn’s disease and ulcerative colitis are chronic
inflammatory bowel disorders with systemic manifesta-
tions. They may present with acute abdominal pain due
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to flare up of chronic visceral pain or acute surgical
pathology including enterocolitis, intestinal obstruction,
intraabdominal infection, or postsurgical pain following
laparotomy. Other causes of acute pain include stomal
ulceration or perianal pathology, such as fistulae or fis-
sures. Some patients require acute pain relief for sero-
negative polyarthropathy which is commonly associated
with inflammatory bowel disease.

Although there are no specific data, the treatment of
acute abdominal pain in inflammatory bowel disease is
based on multimodal analgesia including opioids, tra-
madol, paracetamol, intravenous low-dose ketamine,
NSAIDs, or COX-2-selective inhibitors (only with due
consideration of the potential gastrointestinal or renal
adverse effects) and comfort measures, including TENS
and heat packs. Steroids may be prescribed for an
exacerbation of inflammatory bowel disease, although
there is no clear evidence that they reduce acute
abdominal pain. Because of the chronic and recurrent
nature of these conditions, chronic abdominal pain may
develop which is often associated with significant psy-
chosocial problems and long-term opioid use, thus
complicating acute pain management.

Acute dyspepsia and esophageal spasm

The most common cause of upper gastrointestinal
symptoms is non-ulcer dyspepsia (NUD) and yet the
pathophysiology of this condition is poorly characterized
and the optimum treatment is uncertain. NUD is fre-
quently classified as a functional gastrointestinal disorder;
however, dyspepsia may be related to gastroesophageal
reflux or gastritis. Patients with functional dyspepsia have
higher levels of anxiety, depression, and neuroticism,
although there are insufficient data to determine if they
respond to psychological therapies.138[I] Esophageal
spasm is a related upper gastrointestinal acute pain dis-
order where increased lower esophageal smooth muscle
spasm is associated with dysphagia and epigastric or
retrosternal pain, occasionally mimicking acute coronary
ischemia.

Viscous benzocaine or lidocaine were equally effective
in the treatment of acute dyspepsia.139[II] The so-called
GI cocktail, a combination of antacid, compounded
hyoscyamine (atropine and hyoscine), and viscous lido-
caine was no more effective than antacid alone in
the treatment of severe dyspepsia in the emergency
department.140[II] Other therapies such as Helicobacter
pylori eradication, H2 blockers, and ‘‘pro-kinetics’’ may
be beneficial in treating NUD, but further trials are
required; antacids or sucralfate were only of marginal
benefit.141[I], 142[I]

For the treatment of acute pain in esophageal spasm,
nifedipine, glyceryl trinitrate, or the application of TENS
over the anterior chest wall may be useful; there were no
specific data for antispasmodics, antacids, or topical local

anesthetics. Diazepam or tricyclic antidepressants may
improve symptoms during recurrent, acute episodes.
Botulinum toxin injection or dilatation of the lower
esophagus are effective long-term treatments.143

Primary dysmenorrhea and Mittelschmerz

Primary dysmenorrhea (PD) is one of the most common
acute pain disorders, affecting up to 60 percent of pre-
menopausal women, with the same percentage reporting
pain as moderate or severe and a large proportion
reporting interference with daily activities, including
missing school or work. Younger age, smoking, non-use
of the oral contraceptive pill, and nulliparity are risk
factors for PD.144 Although most women do not seek
medical attention for the disorder, many resort to use of
over-the-counter medications or complementary thera-
pies to treat the symptoms. NSAIDs, including naproxen,
ibuprofen, and mefenamic acid are highly effective in the
treatment of dysmenorrhea with ibuprofen having the
least adverse effects.145[I] The COX-2-selective inhibitors
lumiracoxib and rofecoxib are effective once-daily treat-
ments.146[II] Aspirin and paracetamol were less effective
than NSAIDs.147[I]

High frequency TENS and possibly acupuncture may
be effective in PD based on the results of a small number
of RCTs148[I] and a lower abdominal wall pressure gar-
ment is also effective in reducing menstrual pain and
analgesia use.149[II] As preventive therapies, vitamin
B1150[I] and vitamin E151[II] significantly reduce pain
and blood loss in PD.

Mittelschmerz is mid-cycle lower abdominal pain
linked to ovulation, which affects 1–3 percent of pre-
menopausal women, most commonly in their late teens
or twenties. It presents with mild to moderate unilateral
or bilateral iliac fossa pain, lasting hours to days. The pain
is usually mild, but it may be severe when there is peri-
toneal irritation and there may be associated nausea,
vomiting, or shoulder tip pain. A severe episode may
herald gynecological pathology, such as an intraperitoneal
hemorrhage or torsion of an ovarian cyst. Moderate pain
is treated with rest and comfort measures, such as heat
and simple analgesia.

ACUTE CARDIAC PAIN

Acute coronary syndrome refers to a range of acute
myocardial ischemic states including unstable angina and
myocardial infarction. Typically, myocardial ischemia
causes central chest pain, which may radiate into the arm,
neck, or jaw; nontypical presentations may occur,
particularly in the elderly patient. Analgesia begins
with restoration of coronary perfusion and myocardial
oxygenation, including the use of supplemental oxygen.
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Intravenous morphine is the mainstay of effective and
rapid analgesia for acute coronary syndromes, often
requiring surprisingly low doses. Independent predictors
of increased morphine requirements include suspicion or
confirmation of infarction, ST changes on the admission
electrocardiogram, male sex, and a history of angina or
cardiac failure.152 Intravenous morphine or alfentanil are
equally effective in relieving acute ischemic chest pain,
however, the onset of analgesia is faster with alfentanil.153

[II] Morphine is similar to buprenorphine154[II] and
pethidine155[II] and superior to metoprolol156[II] in
terms of analgesia and adverse effects. Intravenous tra-
madol provides adequate analgesia with minimal changes
in clinical cardiorespiratory parameters in acute myo-
cardial infarction,157[III] although it may reduce the left
ventricular stroke work index.158[III]

Nitroglycerine is effective in relieving acute ischemic
chest pain; however, the analgesic response does not
predict a diagnosis of active coronary artery disease.159 In
patients with chest pain due to cocaine-induced acute
coronary syndrome, the addition of intravenous diaze-
pam or lorazepam to treatment with sublingual nitro-
glycerine provides superior analgesia.160[II], 161[II]

Nitrous oxide in oxygen is effective in relieving acute
ischemic chest pain with a significant reduction in beta-
endorphin levels.162[II] NSAIDs are effective in the
treatment of acute pain due to pericarditis.163

ACUTE OROFACIAL PAIN

Acute orofacial pain is most commonly due to phar-
yngitis, dental, sinus, glandular, or otic disease; however,
it may also be associated with chronic facial pain syn-
dromes (e.g. trigeminal neuralgia) or be referred from
adjacent regions such as the cervical spine or the thorax.
A thorough history (including dental) and examination
(particularly of the oral cavity and cranial nerves) is
essential in the assessment of acute orofacial pain.
Recurrent or persistent orofacial pain may be neuropathic
in etiology and is frequently associated with significant
psychosocial problems, requiring multidisciplinary pain
assessment and management.

Acute dental pain

Based on third molar extraction models, paracetamol,
aspirin, opioids, or tramadol (either alone or in combi-
nation), NSAIDs or COX-2-selective inhibitors all pro-
vide effective analgesia for acute dental pain,164[I], 165[I]
However, NSAIDs or COX-2-selective inhibitors provide
superior pain relief with less adverse effects than opioids
or tramadol and are the treatment of choice.166[I]
NSAIDs and emergency pulpectomy, but not antibiotics,
provide effective pain relief in acute apical perio-
dontitis.167[I]

Acute pharyngitis and mucositis

Acute sore throat due to pharyngitis is usually the result
of viral (including infectious mononucleosis) or strepto-
coccal infection and is effectively treated with NSAIDs or
COX-2-selective inhibitors, aspirin, paracetamol, trama-
dol, or opioids, either alone or in combination, based on
studies of post-tonsillectomy pain168[II] and data from
a topical review.169 A single dose of ibuprofen
(200–400mg) reduced sore throat intensity by 32–80
percent at four hours compared with placebo. Para-
cetamol (approximately 15mg per kg) reduced pain by
31–50 percent at three hours.168[II] Aspirin was also
effective in the treatment of sore throat and other
symptoms associated with an upper respiratory tract
infection170[II] and the addition of caffeine further
improved analgesia for sore throat.171[II] Topical agents
such as local anesthetic gargles may be helpful. Benzy-
damine HCl 0.15 percent anti-inflammatory spray
reduced the mean pain score for sore throat by 42 percent
compared with placebo169[I] and flurbiprofen lozenges
provided effective pain relief without any adverse
effects.172[II]

Steroid therapy with oral dexamethasone,173[II] either
as a single dose or three daily doses,174[II] or intramus-
cular betamethasone175[II] significantly reduced pain on
swallowing and the duration of symptoms in patients
(including children) with moderate to severe pharyngitis,
particularly those with proven streptococcal infection on
bacterial culture. However, another RCT using oral dex-
amethasone in children failed to support this finding176

[II] and the effectiveness and safety of steroids for
symptom control in infectious mononucleosis is not yet
clear.177[I] A single dose of intravenous steroid improved
throat pain, trismus, and fever in patients treated with
antibiotics and needle aspiration for peri-tonsillar
abscess.178[II]

Antibiotics for sore throat reduced pain, headache, and
fever by 50 percent on day three and shortened the
duration of symptoms by 16–24 hours. The number
needed to treat (NNT) to prevent one sore throat with
antibiotics on day three was 5.0 (4.5–5.8) and 14.2
(11.5–20.6) at one week.179[I]

Acute oral ulceration due to trauma (physical, che-
mical, thermal), infection (e.g. herpes simplex), drugs,
radiation, or chemotherapy may be extremely painful and
debilitating. Mucosal analgesia may be achieved by topical
application of eutectic mixture of local anesthetics
(EMLAs) cream or 5 percent lidocaine gel.180[II]

In treating acute oropharangeal pain associated with
cancer-related mucositis, opioid PCA is effective181[I] and
morphine provides better analgesia with less dose escala-
tion then hydromorphone or sufentanil.182[II] Topical
doxepin183[II]) or ketamine solutions184 also provide
effective analgesia and intravenous ketamine ‘‘burst ther-
apy’’ is effective in mucositis pain that is refractory to
opioid analgesia.185[V] Allopurinol mouthwash, vitamin E,
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immunoglobulin, and human placental extract may
improve outcomes in acute mucositis, but the evidence is
inconclusive.181[I] Topical lidocaine, chlorhexidine, or
sulcrafate solutions were no more effective than simple salt
and soda water mixtures.

Sinusitis and otitis media

There are only limited data to direct the choice of
analgesia in patients with acute sinusitis or otitis media. It
is appropriate to use NSAIDs, COX-2-selective inhibitors,
paracetamol, weak opioids, or tramadol, based on evi-
dence for the treatment of acute dental pain. Adminis-
tration of penicillin V decreased pain scores over three
days in patients with severe sinusitis.186[II] In children
with otitis media, antibiotics provided a small improve-
ment in pain after two days187[I] and there was a trend to
reduced pain using topical naturopathic or local anes-
thetic ear drops.188[I]

ACUTE PAIN ASSOCIATED WITH
HEMATOLOGICAL OR METABOLIC DISORDERS

Sickle cell disease, hemophilia, and the acute porphyrias
may present with recurrent episodes of severe, acute pain.
Opioids are the mainstay of analgesia in these conditions.
Because of their relapsing nature, patients with these
conditions may develop chronic pain, requiring long-
term opioid therapy with all the attendant complications.
Rational use of opioid analgesia, disease-modifying
therapies, and patient-specific pain management with
multidisciplinary support, as appropriate, offers the best
chance of effective pain relief.

Hemophilia

Hemophilia A and B are inherited disorders of coagula-
tion. In hemophilia A, there is a deficiency of factor VIII;
in hemophilia B, there is a deficiency of factor IX. In both
disorders, spontaneous and post-traumatic hemorrhages
occur, the frequency and extent of which are proportional
to the level of clotting factor deficiency.

Bleeding into restricted spaces, such as muscles, joints,
and internal organs is a frequent cause of acute pain. In
hemophilic arthropathy, the most common sites of pain
are the ankles (45 percent), knees (39 percent), spine (14
percent), and elbows (7 percent);189 septic arthritis is a
frequent complication.190 Hemophilia patients may also
suffer acute pain due to procedures such as intravenous
cannulation, joint aspiration, and surgery or the effects of
co-morbid disease, such as HIV/AIDS.

Many hemophilia patients use Factor VIII to decrease
pain associated with a bleeding episode;189 higher-dose
Factor VIII replacement reduces the number of patients

with restricted joint movement after an acute hemar-
throsis.191[II] Joint aspiration may reduce acute pain and
improve function.192 Early physiotherapy is recom-
mended if there is any delay in restoring joint function, in
order to minimize the risk of chronic hemophilic
arthropathy.193

Although there is no specific evidence, analgesics,
steroids, cold therapy, and bandaging are used to treat
acute pain in hemophilic arthropathy. Intravenous access
for analgesia may be difficult in these patients because of
‘‘poor veins’’ and intramuscular analgesics should be
avoided due to the risk of intramuscular hematomas.
However, the use of immediate-release oral opioids and
promising new methods of sublingual, intranasal, and
intrapulmonary delivery may decrease the need for
intravenous opioid administration.

NSAIDs are used for pain relief in hemophilic
arthropathy but there are no data in acute hemarthrosis.
Ibuprofen has been used successfully to control joint pain
and stiffness in hemophiliacs without significant changes
in platelet function, bleeding time, frequency of joint
hemorrhages, or frequency of factor infusions.194[II], 195,
196 COX-2-specific inhibitors may be of advantage due to
a lack of platelet inhibitory effects.

Sickle cell disease

Sickle cell disease is an inherited disorder (autosomal
dominant) of abnormal hemoglobin production which
most commonly affects patients of African, Middle-
Eastern, or Mediterranean ancestry and is particularly
prevalent in the United States. Hemoglobin S polymerizes
when deoxygenated, causing rigidity of erythrocytes,
blood hyperviscosity, and occlusion of the microcircula-
tion, with resultant tissue ischemia and infarction. Sickle
cell disease usually presents with painful vaso-occlusive
crises, occurring either spontaneously or due to low
oxygen tension, dehydration, infection, temperature
change, menstruation, stress, or fatigue.

A sickle cell crisis most commonly affects multiple
bony sites or joints (due to avascular necrosis of bone
marrow) resulting in severe pain lasting for hours to
weeks, usually in the low back, legs, knees, arms, or
chest.197 Crises involving abdominal organs, such as the
spleen, gut, liver, or gallbladder may present as an acute
surgical abdomen. Priapism is not uncommon and renal
colic may develop due to renal papillary necrosis and
hematuria. An ‘‘acute chest syndrome’’ presents with
chest pain, cough, dyspnea, and fever with hypoxemia,
leukocytosis, and pulmonary infiltrates on a chest
radiograph. Other causes of acute pain include ischemic
leg ulcers or central pain associated with stroke or spinal
cord infarction.

Most patients with sickle cell disease attend the ER
during a crisis with a mean of 7.4 visits per year and an
admission rate of 30 percent;198 however, the frequency
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and severity of crises varies greatly between patients and
over time. In the United States, the development of
dedicated sickle cell anemia day wards for the treatment
of acute crises has significantly reduced the rate of inpa-
tient admissions. Because patients attend a wide variety of
healthcare providers at different times, an individualized
pain management plan in the form of a letter, card,
or portfolio carried by the patient at all times is
recommended.199

Patients suffering frequent painful sickle cell crises may
develop chronic pain, opioid dependency, and psycho-
social problems, such as mood disorders or interruption
of schooling or work life, requiring a multidisciplinary
pain management approach.200, 201 Pain is frequently
under-treated due to ‘‘distraction’’ by more urgent med-
ical problems, a lack of objective clinical signs at the time
of pain onset, or issues surrounding opioid analgesia
including concerns about addiction.202

The management of an acute sickle cell crisis consists
of resuscitation, oxygen therapy, hydration, organ failure
support, treatment of infection, occasionally surgery (e.g.
amputation), and multimodal analgesia based on intra-
venous or oral opioid therapy.203

According to a Cochrane review, there is not enough
evidence to allow clarification of the most effective
analgesia approach during an acute sickle cell crisis and
further research is required.204[I]

OXYGEN

Although commonly prescribed during a sickle cell crisis,
supplemental oxygen has no effect on the duration or
intensity of pain or opioid consumption205[II], 206[II],
although the frequency of painful crises was higher in
children suffering nocturnal oxygen desaturations.207

OPIOIDS

The titration of intravenous opioids for acute pain
management during a sickle cell crisis is similar in con-
cept to treating breakthrough cancer pain. Intravenous
opioid loading improves the efficacy of subsequent PCA
and oral therapies199 in sickle cell crisis pain and a con-
tinuous morphine infusion is more effective than inter-
mittent bolus doses.205[II] The absorption of
intramuscular or subcutaneous opioids during a sickle
cell crisis may be reduced due to impaired microcircula-
tion in the dermis or muscles.208

Although intravenous opioid PCA is the mainstay of
acute pain management in sickle cell disease, oral opioids
are also effective. Oral sustained-release morphine is just as
effective as parenteral morphine204[I] and the use oral
opioids at home reduced the number of ER visits and
hospital admissions for sickle cell pain.209, 210 The use of
inpatient morphine PCA, rapidly converted to an oral
sustained-release form for home use, reduced the length of

hospital stay by 23 percent and subsequent ER visits and
readmissions by approximately 50 percent, compared with
inpatients treated with intramuscular pethidine.211[III]

Intravenous morphine and pethidine are the most
commonly administered analgesics for sickle cell pain in
the ER.203 However, pethidine should be avoided because
of the potential accumulation of norpethidine and the
subsequent risk of seizures in patients who often require
high doses for several days and may have renal impair-
ment. The incidence of pethidine-induced seizures in
patients with sickle cell disease is estimated at 0.4–2.6
percent.208, 212, 213

In patients with severe opioid-resistant or visceral
pain, intravenous low-dose ketamine may improve
analgesia, although there are no specific data for this
approach in the treatment of sickle cell pain.214

Patients with frequent acute or chronic sickle cell-rela-
ted pain may require long-term opioid therapy with all the
associated difficulties in pain management. Children with
sickle cell anemia who underwent laparoscopic cholecys-
tectomy, reported higher pain scores, used twice as much
morphine PCA and remained in hospital nearly twice as
long as children without the disease having the same
procedure, possibly due to a complex interaction of pain
sensitization, opioid tolerance, and psychosocial factors.215

NSAIDS

NSAIDs (oral and intravenous) are effective analgesics
during sickle cell crises and reduce opioid require-
ments.216, 217 However, not all studies support their effi-
cacy and further research is required.218[II], 219[II]
Extreme care should be taken in administering NSAIDs
where there is renal impairment due to renal vaso-
occlusive disease, dehydration, or severe systemic illness.

INHALED NITROUS OXIDE

Inhaled nitrous oxide in 50 percent oxygen, used for
limited periods, may provide effective and rapid analgesia
for acute sickle cell pain, particularly in primary care
settings.199

INHALED NITRIC OXIDE

Defective nitric oxide (NO) mechanisms in the vascular
endothelium may contribute to sickle cell vaso-occlusion.
Inhaled NO may be beneficial in the treatment of acute
painful crises in children; however, further studies are
required.220[II]

CORTICOSTEROIDS

Parenteral corticosteroids reduced analgesia requirements
and hospital stay without major side effects during sickle
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cell crises204[I] and a short course of high-dose intrave-
nous methylprednisolone reduced the duration of severe
pain in children. However, patients receiving cortico-
steroids suffered more rebound attacks after therapy was
discontinued221[II] and other potential risks such as the
acceleration of avascular necrosis or infection may limit
their usefulness.

EPIDURAL ANALGESIA

Epidural analgesia has used been effectively in sickle cell
patients with severe acute pain that was unresponsive to
high-dose opioids, NSAIDs, and adjunctive measures.222

OTHER APPROACHES

Other analgesic treatments include physical therapies
such as heat and TENS.223 Education improves knowl-
edge and engenders a more positive attitude in patients
with sickle cell disease; however, the benefits of psycho-
logical therapies such as relaxation in managing an acute
crisis requires further research.224[I]

THE PREVENTION OF PAINFUL SICKLE CELL CRISES

The incidence of painful sickle cell crises is reduced by
Niprisan (a phyto-medicinal anti-sickling agent), zinc,
piracetam (which prevents red blood cell dehydration),225

[II], 226[II] and hydroxyurea (induces fetal hemoglobin
production); the latter also reduces the frequency of
blood transfusions and life-threatening complications
(including acute chest syndrome).227[I]

Acute pain associated with the porphyrias

The acute porphyrias are a group inherited disorders of
heme biosynthesis (acute intermittent porphyria, var-
iegate porphyria, and hereditary coproporphyria being
the most common, autosomal dominant forms), leading
to the accumulation of neurotoxic aminolaevulinic acid
(ALA) and porphyrin metabolites. These metabolic neu-
rotoxins produce widespread peripheral (motor weak-
ness), visceral (abdominal pain), and autonomic
neuropathy (tachycardia) and central nervous system
(CNS) toxicity (neuropsychiatric symptoms, seizures,
brain stem, and pituitary dysfunction) and in some cases
cutaneous photosensitivity.228

The acute porphyrias are rare with a combined
prevalence of 1/20,000, although the variegate form
affects 3/1000 South African Caucasians of Dutch descent.
Attacks usually commence around the time of puberty
and are most common in women of child-bearing age,
with most patients averaging four to six episodes per
lifetime.

The acute porphyrias are notoriously difficult to
diagnose, on average requiring four visits to a primary
care facility before a diagnosis is confirmed.229 They are
also great mimics of other medical disorders such as acute
abdominal pathology, sepsis, polyneuropathy, or GBS;
lead poisoning may induce a rare porphyria-variant.230

The most common symptoms are recurrent diffuse
abdominal pain (85–95 percent), vomiting (43–88 per-
cent), constipation (48–84 percent), pain in the extre-
mities, back, neck, chest, or head (50–70 percent), paresis
(42–68 percent), altered mental state (40–58 percent) and
convulsions (10–20 percent) along with tachycardia
(64–85 percent), and hypertension (36–55 percent).

Abdominal pain is usually the result of visceral neu-
ropathy and secondary bladder or bowel dysfunction
(such as colic or urinary retention), although patients
may also have acute postsurgical pain if an exploratory
laparotomy was performed. Hypoesthesia, pain, and
motor weakness due to peripheral neuropathy classically
affects the ‘‘bathing trunk’’ area over the back, buttocks,
and thighs. Dark urine is usually present and the diag-
nosis is confirmed by the presence and raised urinary,
plasma, or fecal porphobilinogen and ALA levels. Hypo-
natremia is a common biochemical abnormality due to
pituitary dysfunction and inappropriate secretion of anti-
diuretic hormone.

An episode of acute porphyria is usually precipitated
by factors that induce hepatic heme or cytochrome
P450 synthesis, most commonly drugs (alcohol, barbitu-
rates, anticonvulsants, rifampicin, or steroid hormones)
but also smoking, physical exertion, stress, fasting,
menstruation, and pregnancy.228

The management of acute porphyria is the same for
the three common variants and is based on confirming
the diagnosis, stopping triggers, supportive medical
therapy including resuscitation (seizures, bulbar or
respiratory paralysis), disease modification, and analgesia.
The psychosocial sequelae of an acute attack, particularly
psychiatric symptoms and prolonged hospitalization,
requires input from appropriate disciplines.

Disease modification, including the administration of
intravenous heme arginate (Hematin) (3mg/kg/daily, for
four days),231[II], high-dose dextrose (usually via an
intravenous infusion: 0.1–0.2 g/kg/h)228 or cimetidine232

early in an attack, may decrease the duration and severity
of symptoms, including pain, by reducing ALA synthetase
activity and the subsequent production of ‘‘neurotoxic’’
ALA and porphyrins. A central venous catheter is indi-
cated when administering intravenous hematin or dex-
trose as both produce phlebitis. Large volumes of dextrose
may exacerbate hyponatremia. Hematin may cause a
coagulopathy and rarely fever, aches, malaise, renal
impairment, or circulatory collapse. Administration of
hematin in albumin reduces phlebitis and coagulopathy
and may enhance the drug’s efficacy.228

The potential for analgesic drugs to precipitate an
acute attack is a practical concern and an up-to-date
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reference of safe drugs should be consulted.228 The
mainstay of analgesia in acute porphyria is intravenous
opioid therapy, preferably using a PCA device with either
morphine, fentanyl, or hydromorphone.228 Pethidine233

and tramadol should be avoided because of seizure risk.
Opioid analgesia may be complicated in patients with
altered consciousness or mental state or when there is
respiratory failure due to neuromuscular paralysis. Con-
stipation is common and aperients may be required. An
episode of acute porphyria may last for weeks; if gastro-
intestinal function is reliable and the pain has stabilized,
conversion to an oral opioid is appropriate.

Paracetamol may be used, however, the safety of
NSAIDs or COX-2-specific inhibitors has not been
established and are listed as unsafe in some reviews.228

Hyoscine N-butylbromide is safe to use; however, it may
not be effective in the treatment of colic. Droperidol is the
antiemetic of choice in acute porphyria as metoclopra-
mide is contraindicated and the safety of 5HT3 antago-
nists is as yet unclear. Nitrous oxide in oxygen may be
useful for short-term analgesia228, 234 and a case report
describes using TENS to treat abdominal pain during
acute porphyria.235 Epidural analgesia was effective in the
treatment of abdominal pain in a patient with acute
intermittent porphyria (Visser EJ, personal communica-
tion) although the use of regional techniques in these
patients (who may develop polyneuropathy, paralysis, or
autonomic instability) is a concern.

Although the acute porphyrias produce acute and (if
untreated) chronic neuropathic pain, standard anti-neu-
ropathic pain medications such as the tricyclic anti-
depressants and some anticonvulsants (carbamazepine,
valproate, and phenytoin) are contraindicated, although
gabapentin is safe and possibly effective.228 The use of
intravenous lidocaine or low-dose ketamine for analgesia
is controversial and essentially untested in acute por-
phyria. Intravenous low-dose ketamine was used effec-
tively on two occasions in a patient with acute
intermittent porphyria without obvious adverse effects
(Visser EJ, personal communication). Ketamine does not
induce ALA synthetase in rats236 and has been used to
induce anesthesia in porphyria patients without apparent
problems. However, a case report noted raised porphyrin
levels in a patient after induction with ketamine, thus
highlighting some concerns.237

In summary, pain management in acute porphyria is
based on ceasing triggers, early administration of hema-
tin, high-dose dextrose, and possibly cimetidine (disease-
modifying agents), and the use of intravenous and (later)
oral opioid analgesia. Paracetamol, hyoscine N-butyl
bromide, gabapentin, nitrous oxide, or TENS are safe and
possibly effective. There may be a place for intravenous
low-dose ketamine or regional analgesia, although the
safety of these approaches has not been established in
acute porphyria. Psychosocial support is vital in these
patients who often have psychiatric symptoms or require
recurrent or prolonged hospitalization.
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Cochrane Database of Systematic Reviews. 2002;
CD001798.

25. Hughes RA, Raphael JC, Swan AV, van Doorn PA.

Intravenous immunoglobulin for Guillain–Barré syndrome.
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of Guillain–Barré syndrome. Revue Neurologique. 2004;
160: 821–3.

28. Odaka M, Tatsumoto M, Hoshiyama E et al. Side effects of
combined therapy of methylprednisolone and intravenous

immunoglobulin in Guillain–Barré syndrome. European
Neurology. 2005; 53: 194–6.

29. Roca B, Ferrer D, Calvo B. Temporal arteritis and
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KEY LEARNING POINTS

� A functional taxonomy based on mechanism of

production of clinical features and anatomical origin of

pain is presented.
� The most useful diagnostic test for acute articular

problems is aspiration and laboratory analysis of

synovial fluid.
� Not only can imaging not demonstrate the presence of

pain, but also the presence itself of anatomical

abnormality establishes neither the anatomical origin

nor the mechanism of musculoskeletal pain.
� Infiltration of local anesthetic into soft tissues as a

diagnostico-therapeutic maneuver in musculoskeletal

pain conveys no insight into the mechanism of

production of pain but highlights the importance of

contextual (placebo) effect in assessment and

treatment.
� The mainstay of management of acute inflammatory

articular pain is anti-inflammatory medication
� The mainstay of management of acute noninflammatory

joint pain is attention to biomechanical factors and the

use of analgesic medication
� The evidence base for the management of acute

nonarticular noninflammatory pain is disappointing: the

approach includes consideration of rest, modification of

activities, use of external supports, exercises, analgesic

medications, ‘‘anti-inflammatory’’ medications (topical

and oral), and injections.

INTRODUCTION

Despite the ubiquity in the community of musculoske-
letal problems, acute and chronic, the discipline of mus-
culoskeletal medicine suffers from a knowledge base that
is yet to become coherent as it stems from a variety of
different conceptual bases. Thus, the ‘‘turf ’’ will be
claimed by medical practitioners trained in fields as
diverse as family medicine, orthopedic surgery, rheuma-
tology, rehabilitation medicine, and manual medicine, by
those trained in schools of osteopathy or chiropractic, and
by other health professionals trained in physiotherapy or
acupuncture or a variety of complementary therapies.

This has had several consequences which confound a
rational, evidence-based approach to the practice of mus-
culoskeletal medicine. Paramount among these is the
problem of nomenclature. As the diagnostic labeling of a
clinical problem entails a working hypothesis of its bio-
logical nature and implies the therapeutic pathway to be
followed, the profusion of labels used by the different
practitioner groups has thrown up a challenge to the
standardization of names, to sharing of the knowledge
base, and to the execution of therapeutic studies. For
example, what is to be understood by the label ‘‘frozen
shoulder’’ or ‘‘tennis elbow’’?; is ‘‘adhesive capsulitis’’ or
‘‘lateral epicondylitis,’’ respectively, the preferred term?;



what is the evidence that those entities ending in ‘‘-itis’’ are
truly inflammatory in pathogenesis?; how is one to deal
with the label ‘‘arthritis’’ being applied to any and all joint
problems?

Irrespective of conventional or traditional labeling, the
challenge remains of determining the mechanism of
production of symptoms and signs in clinical muscu-
loskeletal presentations. A label that implies inflammation
denotes that the problem is nociceptive, that is, there is a
local process in the tissue of complaint that excites
nociceptive afferent nerves. However, it is now recognized
that tissues can be the sites of pain and indeed of
tenderness (hyperalgesia/allodynia) even when there is
no discernible peripheral pathological process. This is
the phenomenon of neuropathic pain, or pain due to
disease, damage, or dysfunction of the nociceptive affer-
ent pathways themselves.1 Yet, overwhelmingly, the
treatment of musculoskeletal problems is predicated on
addressing peripheral pathology. This is by no means
inappropriate in acute situations of, for example, trauma
or infection, but as there is no distinct boundary between
acute and chronic pain, and as the evidence has accu-
mulated that sustained nociception over time can induce
changes in central nervous system processing, the focus
on peripheral mechanisms only was bound to prove
inadequate. Indeed, it can be argued that the profusion
of remedies available for musculoskeletal pain reflects the
paradoxical ‘‘everything works and nothing works’’ state
of the art. This is apparent in the lack of consensus
regarding biological mechanisms in musculoskeletal pain.

Arising from these two related areas of controversy
are the difficulties in reliability and validity of clinical
assessment, including clinical investigation, of muscu-
loskeletal problems. Diagnostic uncertainty compromises
the internal validity of clinical trials. It is small wonder
then that high-quality therapeutic studies on homo-
geneous clinical populations are hard to find. It follows
that therapeutics as well as diagnosis may be based more
on tradition than on scientifically driven insight.

This chapter on acute musculoskeletal pain will
attempt to present an integrated view of the field via
a functional taxonomy which provides a rational basis for
therapy. The evidence base for therapy is overwhelming
in some areas (such as the knee) and essentially absent in
others (such as the ankle). While some generalizations
can be made from this literature, major deficiencies in the
knowledge base remain.

MECHANISM-BASED TAXONOMY

The conditions under consideration clinically fall into two
mechanisms, inflammation and other, the latter taken to
include mechanical and neuropathic.

Inflammation is a well-defined clinicopathological
phenomenon. As a definitive mechanism, it can be
characterized further by etiology: in the absence of

trauma, the considerations include infection, crystal
(monosodium urate, calcium pyrophosphate dihydrate),
or acute exacerbation of chronic inflammatory disease
such as rheumatoid arthritis.

The concept of ‘‘mechanical’’ joint pain is less secure,
implying simultaneously that pain is not directly attri-
butable to joint pathoanatomy, but rather that it is
associated with abnormal joint movement, usually
hypomobility. The neurophysiological basis for the
observed phenomena – the transduction of abnormal
mechanoception into nociception – is not well under-
stood. The clinical observation is that restoration of
normal joint movement may be associated with reduction
in pain. ‘‘Normal’’ joint movement refers to the combi-
nation of the physiological movements able to be per-
formed actively and accessory movements which can be
demonstrated only passively. An example is the so-called
‘‘drawer’’ sign, said to reflect laxity of the anterior cruciate
ligament in the knee. The physiological movements of
the knee joint are of course flexion and extension in the
sagittal plane about a transverse axis running through
the joint. However, this axis is not stable in position. The
‘‘drawer’’ test in fact elicits passive femorotibial glide: this
movement cannot be elicited actively but is a component
of physiological movement as, in addition to rotating
around the femoral condyles in flexion, the tibial condyles
also glide posteriorly over them. The same principles
apply to any concavo–convex synovial joint and form part
of the conceptual basis for the schools of manual medi-
cine and manipulative physiotherapy. Although a large
pool of empirical observation supports the concept of
joint pain of ‘‘mechanical’’ pathogenesis, placing move-
ment-based interventions on an evidence base remains a
challenge.

Neuropathic pain is that due to altered function
of nociceptive pathways themselves, whether attributable
to structural disease or to pathophysiological change. A
neuropathic mechanism should be considered where
there are no signs of nociceptive pathology, specifically
inflammation, in the region of pain complaint, but where
there is allodynia (pain in response to an innocuous
stimulus) or hyperalgesia (increased pain in response to a
noxious stimulus) to mechanical stimuli (touch, pressure,
movement).

The above dichotomy of mechanism of pain can be
combined with a dichotomy of anatomical origin of pain
to construct a functional taxonomy (Table 24.1).

CLINICAL DIAGNOSIS

Clinical presentation

The presentation of acute musculoskeletal problems in
limbs is characterized by acute pain and difficulty moving
the affected part, resulting in compromised function.
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Generally, the traditional signs of acute inflammation –
heat, swelling, redness, allodynia – are valid in muscu-
loskeletal tissues, especially when due to infection.
Noninfective inflammation, such as in exacerbations of
chronic inflammatory disease, may lack the erythema
component and the calor component may not be
impressive. The nature of tumor – fluid, soft tissue,
or bone – leads to nuances in interpretation. In particular,
tenderness (allodynia or hyperalgesia) alone, in the
absence of other signs, does not lead to an inference of
inflammation, as tenderness of clinically normal tissues
(secondary allodynia/hyperalgesia) is characteristic of
neuropathic pain. In most areas of musculoskeletal
medicine, correlation among clinical history, clinical
examination, investigations, and morphological findings is
relatively imprecise. This is not necessarily a problem,
especially in the acute situation.

The principles of clinical evaluation are to address
these questions:

� What is the anatomical origin of the pain? (Articular
versus nonarticular).

� What is the mechanism of the pain? (Inflammation
versus noninflammation).

� What are the functional consequences of the pain?
(Disability).

� What are the cognitive and affective components of
the presentation? (Beliefs regarding diagnosis and
prognosis; mood).

Clinical examination

Traditional teaching includes the following steps:

� inspection (‘‘look’’);
� palpation (‘‘feel’’) for temperature, tenderness

(allodynia/hyperalgesia), and swelling;
� assessment of movement (‘‘move’’): passive/active/

specific stressing of muscle groups.

To these can be added:

� signs of peripheral nerve dysfunction and/or signs of
neuropathic pain such as evoked hyperesthetic
phenomena;

� assessment of specific function of the affected part.

DIAGNOSTIC TESTS

Articular pain

SYNOVIAL FLUID ASPIRATION

The most useful and relevant diagnostic test for acute
articular problems is aspiration of synovial fluid and
laboratory investigation for:

� white cell count: the definitive test for inflammation;
� examination for crystals under polarized light

microscopy: to identify monosodium urate or
calcium pyrophosphate dihydrate crystals for gout
and pseudogout, respectively;

� culture for and microbial sensitivity of bacteria.

BLOOD TESTS

The peripheral blood white cell count is a poor reflector
of joint inflammation. A normal count does not exclude
acute inflammation, especially infection. Exacerbations of
chronic inflammatory arthritides, such as rheumatoid
arthritis, may be associated with a modest neutrophil
leukocytosis, but most commonly the white cell count is
within the reference range.

� Mild normochromic normocytic anemia (secondary
anemia) reflects activity in chronic disease.

� Mild thrombocytosis may also reflect inflammation.

Table 24.1 Functional taxonomy for musculoskeletal pain.

Site Articular Nonarticular

Mechanism

Inflammatory Infection Infection (bursitis, cellulitis)

Crystal

‘‘Immunological’’

Noninflammatory Symptomatic osteoarthrosis Enthesopathy

Osteonecrosis Tendinopathy

Hemarthrosis ‘‘Mechanical’’

‘‘Mechanical’’ Neuropathic:

Nerve entrapment/compression neuropathy

Somatic referred pain

‘‘Regional’’ pain, local, or diffuse
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� The erythrocyte sedimentation rate (ESR) is a time-
honored but very nonspecific indirect indicator of
inflammation. The main determinants of this in vitro
phenomenon are the hematocrit of the sample of
anticoagulated blood and the presence of proteins,
the so-called acute-phase reactants, which promote
red blood cells to form rouleaux. Foremost among
the acute-phase reactants is fibrinogen, levels of
which increase with age, which may account for the
higher reference range for ESR in the elderly.
Reliance on this test to determine inflammation,
especially in the presence of anemia, is discouraged.

� C-reactive protein (CRP) is an a2-globulin,
elaborated as an acute-phase reactant. Its
measurement and interpretation are not influenced
by the hematocrit of the blood sample.

IMAGING STUDIES

There are two impediments to the utility of imaging
studies in this context. First, imaging cannot demonstrate
the presence of pain; second, the presence itself of ana-
tomical abnormality (such as established osteoarthrosis)
establishes neither the anatomical origin of pain nor its
mechanism. Not only may damaged joints (osteo-
arthrosis) be asymptomatic but also anatomically normal
joints can be painful. Generally speaking, plain radio-
graphy is of limited use in this situation. Radionuclide
skeletal scans may identify regions of increased osteo-
blastic activity or increased vascularity, but these features
do not identify the origin or mechanism of pain.

Techniques such as ultrasound, magnetic resonance
imaging (MRI), and arthrography may be useful,
depending upon

� the pretest probability of pathology (a clinical
judgment);

� the sensitivity of the test (the ability of the test to
detect the pathology if it is present);

� the specificity of the test (the ability of the test to
exclude the pathology when it is absent).

These last indices of the test are usefully combined as the
likelihood ratio, or the ratio between the true-positive
rate and the false-positive rate, by which the pretest odds
can then be multiplied. The literature here is complex;
however, if the aim of the exercise is to distinguish
inflammation from noninflammation, then imaging is of
little use.

Nonarticular pain

BLOOD TESTS

In the absence of clinical features of inflammation,
including infection, blood tests are rarely if ever of

benefit. Noninflammatory mechanisms (mechanical and
neuropathic) are not reflected in laboratory indices based
on peripheral blood.

IMAGING

As mentioned above under Imaging studies, imaging is
of limited utility in distinguishing inflammation from
noninflammation, as the presence of swelling of soft tis-
sue itself does not allow that inference. If the aim is to
detect a periarticular structural derangement, then MRI is
usually the modality of choice. The comments above
regarding the use of the likelihood ratio are relevant here.

LOCAL DIAGNOSTIC TESTS

Infiltration of local anesthetic into soft tissues (‘‘focal
local’’) is popular as a diagnostico-therapeutic maneuver,
the argument being that the anatomical origin of the pain
is determined instantly and relief follows. Although this
may work in some instances, it gives no insight into the
mechanism of production of the pain and quite overlooks
the contextual (placebo) component of an invasive pro-
cedure.2 Such tests have not been subjected to systematic
review.

MANAGEMENT OF ACUTE INFLAMMATORY
JOINT PAIN

As a general principle, an inflamed joint should be aspi-
rated for confirmation of inflammation and to search for
possible bacterial or crystal etiology.

Septic arthritis, including bursitis and infection
of prosthetic joints

Bacterial infection of these structures presents as typical
acute inflammation. Systemic features may be present,
especially in infants and young children. Infection of a
prosthetic joint may present as an acute event or, more
insidiously, with persistent pain, soft tissue swelling, or
discharging sinus. Bacterial arthritis is a rheumatological
emergency, as the chance of developing irreversible loss of
joint function is 25–50 percent. Septic arthritis usually
occurs following hematogenous seeding during bacter-
emia. Staphylococcal bacteria are the most common
causes in adults, followed by group A beta-hemolytic
streptococcal bacteria; Hemophilus influenzae and
Gram-negative bacilli are the most common pathogens
in neonates and children younger than five years. Dis-
seminated gonococcal infection, often a cause of septic
arthritis in young adults, tends to present with poly-
arthralgia, tenosynovitis, dermatitis, and fever rather than
with joint effusion.3
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The definitive diagnostic test is aspiration and culture
of synovial fluid, which should be inoculated directly
into blood culture bottles. The synovial fluid white cell
count is usually very high with a polymorphonuclear
predominance. Blood cultures themselves may be posi-
tive, especially in the presence of systemic features. Other
tests performed on the peripheral blood, including
ESR, CRP, and white cell count tend to be abnormal but
nonspecific. Computed tomography (CT), MRI, and
scintigraphy are more sensitive than plain radiography in
early septic arthritis.

Acute septic bursitis occurs most commonly at the
elbow and knee and may be accompanied by systemic
features. Differentiation from inflammation of the under-
lying joint is clinical. Definitive diagnosis depends on
aspiration and culture of bursal fluid.

Management of acute sepsis should be early and
aggressive to prevent joint destruction, particularly in
childhood, and mortality, particularly in the elderly and
in patients with inflammatory joint disease or diabetes.
The choice of antibiotic will of course depend upon the
bacteriological findings. Antibiotic therapy is adminis-
tered parenterally for up to four weeks, then orally for up
to four weeks, depending upon the clinical situation.3[V],
4[V] Aspiration of infected joints and bursae is recom-
mended, by needle if possible, although arthroscopy for
larger joints (shoulder, knee) may be required. Open
surgical drainage is recommended for hip infections,
especially in children. Treatment of infected joint pros-
theses usually requires removal of all foreign material.

Crystal arthritis

GOUT

The definitive diagnosis of acute gouty arthritis depends
on the demonstration in synovial fluid of a neutrophil
leukocytosis and intracellular crystals of uric acid. As
synovial fluid is not always readily obtainable, the diag-
nosis may depend on inference in the appropriate clinical
context. The possibility of sepsis must always be con-
sidered. Between attacks of acute gouty arthritis, urate
crystals may be seen extracellularly in synovial fluid.

Treatment of acute gouty arthritis has two phases:
relief of the acute inflammatory episode and prevention
of recurrent episodes through control of hyperuricemia.

� For relief of the acute episode, any nonsteroidal anti-
inflammatory drug (NSAID), except aspirin, orally in
high dosage reducing over several days, is
appropriate. Where there is a contraindication to
NSAID therapy, oral prednisolone 20–50mg reducing
to 0mg over several days or intra-articular
corticosteroid can be considered.5[V] Traditionally,
colchicine in high doses has been used in this
situation but it is poorly tolerated, being associated

with severe diarrhea, nausea, and vomiting.6[III]
Colchicine in low dose (0.5mg twice a day) may be
useful as an adjunct to other treatments. Colchicine
should be used with great care, especially in the
elderly or patients with renal impairment, as diarrhea
can be severe. No more than 6mg of colchicine
should be taken in 24 hours. There are no systematic
comparisons of NSAIDs, corticosteroids, or
colchicine in this situation.7[I]. Drugs which alter
plasma urate (aspirin, uricosuric agents, allopurinol)
should not be used in the acute stage.

� Interval therapy, used to prevent recurrent episodes
of gout, is not indicated in all patients. Attention
should be given to risk factors, including obesity,
alcohol excess, and drugs which impair urate
excretion. In the absence of a history of tophi,
impaired renal function, or urolithiasis, hypouricemic
therapy may not be necessary. When indicated, either
a xanthine oxidase inhibitor (allopurinol) or a
uricosuric agent (probenecid, sulfinpyrazone) is
introduced after acute inflammation has subsided.
Colchicine 0.5mg twice a day should be administered
concurrently until plasma urate levels have stabilized
to minimize the risk of inducing an acute episode.8

[II], 9[V] With this exception, there are no
systematic studies on the effectiveness of strategies to
prevent recurrent acute episodes of gout.7[I]

CALCIUM CRYSTAL ARTHROPATHIES (CALCIUM
PYROPHOSPHATE DIHYDRATE DEPOSITION DISEASE AND
CALCIUM HYDROXYAPATITE DEPOSITION DISEASE)

Calcium pyrophosphate crystals may be associated with
acute synovitis (‘‘pseudogout’’), which is a common cause
of acute monoarthritis in the elderly, either as an acute event
or as an ‘‘exacerbation’’ of osteoarthrosis. Basic calcium
phosphate crystals may be associated with acute synovitis or,
more commonly, as periarticular inflammation.10

As with gout, the definitive diagnosis of acute
pseudogout arthritis depends on the demonstration
of a neutrophil leukocytosis and crystals of calcium
pyrophosphate dihydrate in synovial fluid.

Treatment of acute pseudogout follows the same
principles as for acute gouty arthritis, with more emphasis
on local joint treatment, specifically joint aspiration and
intra-articular corticosteroid. Oral NSAIDs in high dosage
reducing over several days may be appropriate in some
patients but these must be used cautiously in the elderly
or in patients with concurrent disease. Oral colchicine
tends to be less effective than in gout.11

Exacerbations of chronic inflammatory
diseases

In acute exacerbations of joint pain and/or swelling in a
patient known to suffer from a chronic inflammatory

434 ] PART III MANAGEMENT – CLINICAL SITUATIONS



arthropathy such as rheumatoid arthritis or one of
the seronegative spondyloarthropathies, the possibility of
sepsis must always be considered, as long-term anti-
inflammatory therapy may modify some of the signs of
acute inflammation. Such situations are best resolved by
aspiration and culture of synovial fluid. Such aspiration
will help the patient symptomatically and assist in
determining whether the exacerbation is indeed inflam-
matory or due to joint damage, the synovial fluid white
cell count being the discriminator. In a patient who is
known to suffer from crystal arthropathy, joint aspiration
is recommended where possible to help exclude sepsis and
to perform local injection of depot corticosteroid.

Polyarticular exacerbations of chronic inflammatory
disease may be best managed by revision of anti-
inflammatory therapy, including the introduction of oral
corticosteroids for short-term use. Mono- or oligo-
articular exacerbations may respond to local joint injec-
tion with depot corticosteroid. In these situations,
assessment and therapy are the province of the specialist.

MANAGEMENT OF ACUTE
NONINFLAMMATORY JOINT PAIN

General considerations in the management of
noninflammatory pain

A general approach to the management of nonin-
flammatory musculoskeletal pain includes consideration
of rest, modification of activities, use of external supports,
exercises, analgesic medications, ‘‘anti-inflammatory’’
medications (topical and oral), and injections.

� Rest has intuitive appeal in the acute situation and
may comprise immobilization or support of the
painful part, avoidance of certain activities or
postures or, in some circumstances, lying in bed.
There is an inherent conflict between minimization
of activity-related pain and the role of activity in
facilitating normal function of musculoskeletal
tissues. There is no consensus regarding this issue
and little evidence on which to base generally
applicable recommendations.

� Modification of activities to reduce biomechanical
stresses addresses established or predictable risk
factors, including those specifically applicable to
the individual patient’s predicament. The intuitive
principle here tends not to be matched by
evidence.

� The use of slings, supports, braces, or bandages may
modify biomechanical stresses in conjunction with
other measures. Their prescription is individual and
not attributable to evidence-based rules. When
associated with benefit, whether such devices work
through biomechanical mechanisms or through
placebo effect has not been determined.

� Exercises, active and passive, and a variety of physical
modalities including heat and cold are usually
prescribed. Two review articles have found it difficult
to draw conclusions.12[I], 13[I]

� The aim of drug therapy in acute noninflammatory
musculoskeletal pain is symptom control.
– Analgesic drugs include paracetamol

(acetaminophen) alone at doses up to 4 g per day,
or in combination with a weak opioid agonist
such as codeine, or with stronger opioid drugs
such as immediate-release morphine or
oxycodone. In acute pain, single doses of
paracetamol 600–650mg are effective and the
addition of codeine 60mg enhances pain relief.14

[I] In the management of symptomatic
osteoarthrosis of the knee (see below under
Symptomatic osteoarthrosis), paracetamol alone
has been shown to be superior to placebo15[I], 16

[I] and similar in efficacy to NSAIDs.17[I]
– Opioids: Apart from some single-dose efficacy

studies, there are no controlled trials of opioid
analgesics in acute musculoskeletal pain. This does
not detract from their potential effectiveness.
There is no a priori reason for not considering
their use in situations where simple analgesics
have failed.

– NSAIDs: Despite the lack of evidence that
inflammation is the relevant mechanism in what
has been classified here as noninflammatory
disorders, nonsteroidal anti-inflammatory drugs
are used topically and systemically. In acute
(mechanical) musculoskeletal conditions, topical
ketoprofen, ibuprofen, or piroxicam have been
shown to be significantly better than placebo for
up to two weeks only and unassociated with an
excess of adverse events.18[I], 19[I] NSAIDs reduce
pain intensity in symptomatic osteoarthritis of the
knee compared with placebo but the size of the
treatment effect is contentious.20[I] Overall, the
difference in effectiveness between paracetamol
and NSAIDs in symptomatic osteoarthrosis is
small, the latter appearing to be more effective in
moderate-to-severe pain compared with milder
pain.15[I], 16[I], 17[I]

� Injections: The rationale for the use of local
injections is that there is an anatomically localizable
nociceptive process. When local anesthetic agent is
used, the aims are to help with diagnosis and, if
positive, with treatment. When depot corticosteroid
agents are used, the presumption is that
inflammation is the relevant mechanism. Although
injection therapy is widely practiced, there is little
support for its rationale or efficacy. Three problems
confront the rational use of this approach. First is
that of anatomical precision, which is of course
linked with diagnostic uncertainty. Accuracy rates of
30 and 10–40 percent for intra-articular injections of
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the knee and glenohumeral joint, respectively, and of
30 percent for the injections of the subacromial
space, performed without radiological guidance, have
been reported.21[III], 22[III] The second problem is
whether any observed outcome of the injected
substance is due to its pharmaceutical property or
due to physical effects. Third is the issue of the high
potential contextual (placebo) effect of an invasive
procedure itself.2 Despite these major challenges to
rationale, it is clinical experience that injections into
potential spaces (joints, bursae) appear to help some
patients. Unresolved issues include volume, dose, and
technique of injection.

The issue of injecting a focally tender muscle with
analgesic intent is based on the presumption that a site of
nociception is being targeted, despite the fact that there is
no evidence for such pathology. A similar argument
applies to the injection of so-called ‘‘trigger points,’’ the
cornerstone of myofascial pain theory. Despite compre-
hensive refutation,23 the practice continues in the absence
of rationale or evidence.

Complications of injection include allergic reactions,
local hemorrhage, and infection, and, in the case of cor-
ticosteroid injections, local tissue atrophy.

Symptomatic osteoarthrosis

Osteoarthrosis (osteoarthritis or OA) refers to a process
of degradation and repair of articular cartilage ultimately
leading to joint damage. Although most commonly
idiopathic, it can also be the end result of other insults to
synovial joints, including trauma and inflammatory
arthritis. The process of cartilage damage is insidious and,
when symptomatic, tends to be associated with persistent
rather than acute pain.

However, a distinction has to be made between the
presence of the pathological process of cartilage degra-
dation (as usually reflected in the radiological signs of loss
of ‘‘joint space’’ with reactive bone sclerosis) and clinical
presentation. The prevalence of radiological OA increases
with age: 70 percent of hands in the over 65 years age
group and 60 percent of knees in the over 60 years age
group. However, only 25–30 percent of affected joints
become symptomatic. That is to say, the presence of OA
neither predicts symptoms nor identifies the origin or
mechanism of symptoms when they are present.24

This has particular implications in the context of acute
joint pain. Acute pain in a known osteoarthrotic joint is
unlikely due to the cartilage degradation process itself, but
more likely to be due to biomechanical factors (altered
movement or usage patterns), changes in subchondral
bone, true inflammation (including sepsis or pyropho-
sphate crystal arthritis), loose body, or stress fracture. The
approach is the same as that for a non-osteoarthrotic
joint, namely aspiration if possible plus the approach

described above under General considerations in the
management of noninflammatory pain.

‘‘Mechanical’’ pain

Not only can osteoarthrotic joints be asymptomatic, but
also anatomically normal joints may be painful. In the
latter case the changes in joint biomechanics themselves
may be responsible for pain, allodynia, and even swelling.
Such pain, attributable to changes in movement, might be
termed ‘‘mechanical’’ and attached to acutely sympto-
matic joints which do not have other signs suggestive of
inflammation. Such an inference is further justified if the
synovial fluid aspirate is typically acellular or mildly cel-
lular (o1/nL) with predominantly mononuclear count.

Hemarthrosis

Bleeding into a joint typically occurs in trauma and in
patients with bleeding disorders, especially hemophilia. In
the former case, the diagnosis is made on joint aspiration,
which may also be therapeutic.

Osteonecrosis

Osteonecrosis25 should be suspected when joint pain
develops insidiously, especially on weight bearing, typically
in the groin when a hip is involved, often with referral to
the knee. When associated with painful limited passive
joint movement and, in the case of the knee or shoulder,
joint effusion, the conditions for an arthrosis are fulfilled.
Diagnostic attention must exclude infection, which can be
achieved only by joint aspiration. MRI is the most sensi-
tive technique for detecting osteonecrosis.26 However, the
degree of bone or joint affection so demonstrated may be
discordant with the clinical features. Bilateral changes may
be seen when only one side has been affected clinically.
Once there is plain radiological evidence of osteonecrosis,
any chance of secondary prevention (i.e. of joint damage)
has been lost. However, collapse of subchondral bone
following osteonecrosis is not inevitable.

Osteonecrosis may be a cause of acute joint pain but
usually has a spectrum of clinical presentation similar to
that of osteoarthrosis. Specific management of early
osteonecrosis (clinical findings and MRI positive; plain
radiography or CT negative) remains undefined.

REGIONAL APPROACH TO ACUTE
MUSCULOSKELETAL PAIN SYNDROMES

Acute shoulder pain

The shoulder region includes the synovial glenohumeral,
acromioclavicular, and sternoclavicular joints and the
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extra-articular subacromial structures, especially the
‘‘rotator cuff ’’ tendons and associated bursae. Shoulder
region pain may also be referred from spinal or visceral
structures.

ENTITIES

� Articular: taxonomy as in Table 24.1 plus frozen
shoulder, also known as ‘‘adhesive capsulitis’’ of the
glenohumeral articulation.

� Nonarticular: impingement syndromes (subacromial
bursitis, supraspinatus tendonitis/tears, rotator cuff
tendonitis/tears).

CLINICAL FEATURES

The reliability and validity of elicited tenderness around
the shoulder girdle is unknown. Range of shoulder
movement on examination has been shown to be
unreliable.27[III] There is no firm evidence that any
physical finding or group of signs is pathognomonic for a
specific shoulder entity.28[I] This has major implications
for taxonomy, as described in Table 24.1.

INVESTIGATIONS

The utility of plain radiographs is limited by their inability
to detect nonosseous lesions. Ultrasonography has better
validity for full thickness than for partial thickness rotator
cuff tears, but the demonstration of that pathology does
not necessarily account for the pain. MRI has the greatest
capacity to demonstrate structural abnormalities but
again the demonstration of pathology does not reveal the
cause or mechanism of the patient’s pain. In particular,
the prevalence of rotator cuff tears rises with age and does
not correlate with symptoms.29[III]

MANAGEMENT

� Articular entities. See above under Management of
acute inflammatory joint pain and General
considerations in the management of
noninflammatory pain.

� Nonarticular entities:
– Natural history: on the basis of a small number of

prospective studies of nonhomogeneous patients
with acute shoulder girdle pain, it seems that
there is a 25–50 percent probability of recovery by
six months, a 50 percent probability of recovery
by 18 months, but a 50 percent chance of ongoing
pain and functional compromise. Studies of
relatively homogeneous patients with frozen
shoulder suggest that major pain and disability
resolve over a two to three year period.28[I]

– Exercise: active rather than passive exercises have
been shown to be beneficial.28[I], 30[I], 31[I]

– Physical modalities: whilst short-term therapeutic
ultrasound may be of benefit, there is conflicting
evidence regarding acupuncture and insufficient
evidence regarding transcutaneous electrical nerve
stimulation (TENS) or extracorporeal shock wave
treatment (ESWT).28[I]

– Pharmacotherapy: in a systematic review, NSAIDs
were shown to have short-term (less than four
weeks) superior efficacy in acute shoulder pain
compared with placebo.32[I] There is insufficient
evidence concerning the efficacy of paracetamol or
of oral corticosteroids.28[I]

– Injection: subacromial corticosteroid injection is
effective in delivering short-term relief.28[I]
Comparisons of corticosteroid injections with oral
NSAIDs or physical therapies have yielded variable
results.32[I], 33[I], 34[I]

– Surgery: there are no published randomized
controlled trials (RCTs) of the effectiveness of
surgery for acute nontraumatic shoulder pain.28[I]

These findings are sumarized in Table 24.2.

Acute elbow pain

The elbow region includes the humeroulnar and radio-
humeral joints, the entheses (origins) of the extensor and
flexor muscles of the forearm, and the cubital tunnel.

ENTITIES

� Articular. Taxonomy as in Table 24.1.
� Nonarticular:

– lateral elbow pain (synonyms: lateral epicondylitis,
tennis elbow, radial epicondylalgia, humeral
epicondylalgia);

– medial elbow pain (synonyms: medial
epicondylitis, golfer’s elbow, medial tennis elbow,
medial epicondylalgia);

– compression neuropathy of the ulnar nerve in the
cubital tunnel;

– acute olecranon bursitis.

CLINICAL FEATURES

No data concerning the reliability and validity of clinical
features of diagnostic maneuvers for nonarticular entities
have been published.35[I]

INVESTIGATIONS

Imaging of articular entities is guided by the clinical
picture; usually plain radiography will demonstrate
articular or intraosseous pathology. There are no
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controlled data out of which imaging of nonarticular
entities can be recommended.

MANAGEMENT

� Articular entities. See above under Management of
acute inflammatory joint pain and General
considerations in the management of
noninflammatory pain.

� Nonarticular entities:
– Natural history: Lateral elbow pain is considered

to be self-limiting, although symptoms can persist
for more than 18 months. In one expectant trial
in general practice, 80 percent of those with more
than four weeks of elbow pain had recovered by
12 months.36[I]

– Rest or exercise: Two older systematic reviews of
all treatments for lateral epicondylitis37[I], 38[I]
found rest to be a control intervention alone and
not compared with other modalities. There is no
consensus regarding rest or type, frequency, or
duration of exercise.35[I] There is insufficient
evidence concerning the effects of braces
compared with placebo or physiotherapy.39[I]

– Physical modalities: The older reviews failed to
find evidence that ultrasound or laser treatment
was better than placebo for lateral epicondylitis.37

[I], 38[I] A systematic review of the effects of
needle acupuncture, laser acupuncture, or
electroacupuncture generated insufficient
evidence.40[I] Three RCTs of ESWT found no
difference from sham treatment at three months.41

[I], 42[II]
– Pharmacological: Topical NSAIDs provide short-

term (up to four weeks) improvement in pain
compared with placebo.43[I] There is limited
evidence for the short-term effectiveness of oral

NSAIDs in reducing pain and improving
function.43[I] There are no published data with
respect to medial epicondylitis.

– Injection: There is limited evidence from one
systematic review and two subsequent RCTs of
short-term effectiveness of corticosteroid injections
compared with placebo, local anesthetic, passive
physiotherapy, or braces.44[I], 45[II] In one study of
medial epicondylitis, injection was superior to
NSAIDs and physical therapy at six weeks.46[III]
However, there is no consensus as to the technique
of injection, in terms of site or agents.35[I]

– Surgery: Operation for lateral epicondylitis is
restricted to refractory cases which would be
labeled chronic. There are no controlled data for
any of the diverse surgical procedures which
include ‘‘denervation’’ of the epicondyle, excision
of ‘‘abnormal’’ tissue, and dissection of the
common extensor origin off the lateral
epicondyle.47[I] Similar comments apply to medial
epicondylitis.35[I]

Acute wrist pain

The wrist region includes the radiocarpal, distal radioulnar,
intercarpal and carpometacarpal joints, flexor and extensor
tendons of the thumb and fingers, and the carpal tunnel.

ENTITIES

� Articular. Taxonomy as in Table 24.1 plus:
– Kienbock’s disease (osteonecrosis of the lunate).

� Nonarticular:
– carpal instability (‘‘mechanical’’);
– ulnar impaction syndrome;
– tendon impairment: de Quervain’s stenosing

tenosynovitis.

Table 24.2 Evidence for interventions in acute shoulder pain.

Intervention Detail Beneficial? Evidence level

Activity Exercises Benefit [I]

Passive therapy Insufficient [I]

Physical Acupuncture Conflicting [I]

Ultrasound (short-term) Benefit [I]

Extracorporeal shock-wave therapy Insufficient No [I] or [II]

Transcutaneous nerve stimulation Insufficient [I]

Suprascapular nerve blocks Insufficient No [I] or [II]

Pharmacotherapy Analgesics Insufficient No [I] or [II]

Nonsteroidal anti-inflammatory drugs Benefit [I]

Oral corticosteroids Insufficient No [I] or [II]

Injections Subacromial corticosteroid injection Benefit [I]

Surgery Surgery Insufficient No [I] or [II]

Adapted from: Australian Acute Musculoskeletal Pain Guidelines. Evidence-based Management of Acute Musculoskeletal Pain Online. Available at
www.nhmrc.gov.au. Brisbane: Australian Academic Press, 2003.
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CLINICAL FEATURES

The criterion standard for carpal instability is radio-
graphic. No criterion standards are available for the labels
of tendon impairment or ulnar impaction syndrome.

INVESTIGATIONS

Static plain radiographs may show diagnostic features of
carpal instability but with low sensitivity.48[IV]

MANAGEMENT

� Articular entities. See above under Management of
acute inflammatory joint pain and General
considerations in the management of
noninflammatory pain.

� Nonarticular entities:
– Natural history: Possibly 75 percent of patients

with wrist pain defying specific diagnosis continue
to experience pain.49[I]

– Rest or exercise; physical modalities: The general
principles discussed above under General
considerations in the management of
noninflammatory pain may be followed in the
absence of specific evidence.

– Pharmacological: Data on the efficacy of anti-
inflammatory drugs are not available.

– Injection: Approximately 50 percent of a cohort of
patients with de Quervain’s tenosynovitis treated
with corticosteroid injection achieved sustained
benefit.50[III]

– Surgery: An option for chronic de Quervain’s
tenosynovitis resistant to therapy.49[I]

Acute hip pain

The ‘‘hip’’ region, in colloquial parlance, usually refers to
the buttock and lateral upper thigh. True hip joint pain,
however, is usually felt in the groin and may also be felt in
the anterior thigh to the knee. In broadening the ‘‘hip’’
region to include the ‘‘proximal hindquarter,’’ the main
considerations are the hip joint itself and referred
pain from the lumbar spine. The sacroiliac joint, being
properly part of the axial skeleton, will not be discussed
here.

ENTITIES

� Articular. Taxonomy as in Table 24.1 plus:
– osteonecrosis of the femoral head;
– undisplaced fracture of femoral neck.

� Nonarticular:
– referred pain, greater trochanteric bursalgia.

CLINICAL FEATURES

Clinical localization of pain to the hip joint itself, based
on painful limited joint movement is relatively uncon-
troversial. There are no data addressing validity, relia-
bility, or criterion standards.

INVESTIGATIONS

Plain radiograph of the hip joint (anteroposterior pelvic
view) may show articular pathology when suggested by
clinical findings. MRI is superior to CT and plain radio-
graphy when osteonecrosis is suspected.

MANAGEMENT

Treatment follows the general principles outlined
above under General considerations in the management
of noninflammatory pain.

Acute knee pain

The knee region comprises the femorotibial and patello-
femoral articulations, the patella and patellar ligament,
the superior tibofibular joints, and the popliteal fossa
including the hamstring tendons. Acute knee pain is
most commonly caused by intrinsic knee disorders. The
literature regarding knee disorders is enormous and
features creative taxonomy. The difficulty of making an
accurate, precise diagnosis may have contributed to the
profusion of traditional labels. Most studies in the evi-
dence-based literature have focused on acute anterior
knee (or patellofemoral) pain.

ENTITIES

� Articular. Taxonomy as in Table 24.1 plus:
– a number of intra-articular mechanical

derangements, including cruciate ligament and
meniscal disruption, osteochondritis dissecans,
and loose body formation;

– problems relating to the patella and the patello-
femoral articulation.

� Nonarticular:
– prepatellar and infrapatellar bursitis;
– Osgood–Schlatter disease (tibial tuberosity

apophysitis);
– traction apophysitis of the lower pole of the

patella;
– collateral ligament injury;
– Pellegrini–Stieda disease, biceps tendinitis, pes

anserine tenditis and bursitis, popliteus tendinitis,
and popliteal cyst.
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CLINICAL FEATURES

Studies have failed to show a link between individual
symptoms and any specific pathology.51[I] Reliability
of most examination techniques is poor or un-
known, with the exception of the assessment of cruciate
ligament tears in the acutely injured and anesthetized
knee.

INVESTIGATIONS

The Ottowa Knee Rule52[III] for the use of conventional
radiography in acute post-traumatic knee pain has
been found to be reliable and valid. This rule states that a
conventional radiograph is required for patients
with acute knee injury who have any of the following
findings: age 55 years or over; isolated tenderness of
patella; tenderness at head of fibula; inability to flex to
901; inability to bear weight. This rule is not applicable in
patients younger than 18 years or in nontraumatic
situations. There is no evidence for the use of plain
radiography in situations of acute nontraumatic knee
pain.

Although MRI has been studied extensively, it is
difficult to conclude a relationship between clinical
assessment, MRI, and arthroscopy in relation to efficacy
and cost-effectiveness.51[I] Both MRI and clinical
examination are valid for anterior cruciate ligament
tears.

Bone scan is sensitive but not specific for the detection
of osteoarthritis, sepsis, inflammation, osteonecrosis, or
Paget’s disease.53

The knee is the easiest joint in the body to aspirate:
the clinical suspicion of effusion is an indication for
diagnostic aspiration.

MANAGEMENT

� Articular entities: The literature on the treatment of
acute intra-articular mechanical derangements of the
knee is extensive, as found in surgical sources, and is
not reviewed here. The management of nontraumatic
acute articular knee pain follows the principles
outlined above under Management of acute
noninflammatory joint pain.

The evidence base for the management of acute anterior
knee pain (assumed to be noninflammatory) is sum-
marized here and in Table 24.3.

� Natural history: Improvement, with a degree of
persistence in most people.51

� Rest versus exercise: Maintenance of normal activity
and performance of quadriceps strengthening
techniques, especially eccentric, have been shown to
be beneficial.51[I], 54[I]

� Physical modalities: Whilst there is evidence of
benefit in women from corrective foot orthoses,
evidence of benefit from patellofemoral orthoses is
conflicting.51[I], 54[I] There is insufficient evidence
for the effectiveness of patellar taping, therapeutic
ultrasound or electrical stimuation, whilst laser
therapy has been unassociated with benefit.51[I]

� Pharmacotherapy: There is insufficient evidence for
the effectiveness of analgesics or NSAIDs.

� Injections: Injection with corticosteroid or saline is
associated with short-term benefit.

This evidence base provides a typical example of the
adage that absence of evidence is not evidence of
absence. Empirically in the clinic, treatment of acute
noninflammatory anterior knee pain follows the
principles outlined above under Management of acute

Table 24.3 Evidence for interventions in acute (anterior) knee pain.

Intervention Detail Beneficial? Evidence level

Activity Advice to stay active Benefit [II]

Exercises (quadriceps, esp. eccentric) Benefit [I], [II]

Physical Acupuncture Insufficient No [I] or [II]

Electrical stimulation Insufficient No [I] or [II]

Therapeutic ultrasound Insufficient [1]

Laser therapy No benefit [I]

Progressive resistance braces Insufficient [I]

Patellar taping Insufficient [I], [II]

Patellofemoral orthoses Conflicting [I]

Corrective foot orthoses (in women) Benefit [I]

Pharmacotherapy Analgesics (simple and opioid) Insufficient No [I] or [II]

Nonsteroidal anti-inflammatory drugs Insufficient No [I] or [II]

Injection Injection (treatment or saline) Benefit [II]

Adapted from: Australian Acute Musculoskeletal Pain Guidelines. Evidence-based Management of Acute Musculoskeletal Pain Online. Available at
www.nhmrc.gov.au. Brisbane: Australian Academic Press, 2003.

440 ] PART III MANAGEMENT – CLINICAL SITUATIONS

www.nhmrc.gov.au


noninflammatory joint pain, assisted by the evidence
base. The emphasis in this bodily region is on distin-
guishing between the acutely painful knee and the acutely
painful and swollen knee, the latter usually requiring
aspiration to determine hemarthrosis, inflammation, or
neither.

� Nonarticular (extra-articular) entities: Treatment
follows the general principles outlined above under
General considerations in the management of
noninflammatory pain.

Acute ankle and foot pain

The ankle region includes the synovial tibiotalar (talo-
crural) and subtalar (talocalcaneal) joints and the extra-
articular structures, especially the anterior tibial, peroneal,
and posterior tibial tendons, the last passing through the
‘‘tarsal tunnel,’’ which also contains the posterior tibial
nerve. The foot comprises the tarsus, metatarsus, and
phalanges, with associated flexor and extensor tendons
and the plantar fascia (deep plantar ligament).

ENTITIES

� Articular: Taxonomy as in Table 24.1.
� Nonarticular:

– tendinopathies (of the synovial tendon sheaths
and tendo Achilles);

– enthesopathy, especially of the plantar fascia
(‘‘plantar fasciitis’’);

– stress fractures of the calcaneus and metatarsals in
particular;

– ankle ‘‘sprain’’ (injury to the lateral ligament
complex)

– symptomatic pes planovalgus (flat foot), manifest
as metatarsalgia or hallux valgus with bursitis.

Other sources of acute foot pain include:

� peripheral vascular disease;
� peripheral neuropathy, including entrapment

neuropathy of digital nerves (Morton’s neuroma);
� referred pain from structures in the lumbar spine.

CLINICAL FEATURES

There are no data concerning reliability or validity or
criterion standards for these extra-articular entities.

INVESTIGATIONS

Imaging of articular entities is guided by the clinical
picture; usually plain radiography will demonstrate

articular or intraosseous pathology. There are no con-
trolled data from which imaging of nonarticular entities
can be recommended.

MANAGEMENT

Management of articular entities follows the principles
as above under Management of acute noninflammatory
joint pain.

Management of nonarticular entities follows the gen-
eral principles articulated above under General con-
siderations in the management of noninflammatory pain.
With respect to the treatment of ankle sprain, early
mobilization with use of an external support is beneficial,
whilst immobilization may be beneficial. Cold treatment
and therapeutic ultrasound are unlikely to be beneficial,
whilst the effectiveness of diathermy is unknown.55[I] For
plantar heel pain (including plantar fasciitis), corticos-
teroid injection alone or with local anesthetic is likely to
be ineffective or harmful in the medium- to long-term,
whilst injection of corticosteroid or local anesthetic in the
short term, ultrasound, laser therapy, stretching exercises,
custom-made insoles, and surgery are of unknown
effectiveness.56[I]
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KEY LEARNING POINTS

� Episodes of acute low back pain (LBP) are common and

usually self-limiting, although 10 percent fail to resolve

over six weeks to two months and the recurrence rate

within one year is more than 50 percent.
� Approximately 95 percent of acute LBP is ‘‘nonspecific,’’

in the sense that a specific etiological or pathological

process will not be found.
� The clinical approach triad for acute LBP addresses:

– Is the problem ‘‘mechanical’’ or not?

– Is any associated pelvic girdle or lower limb pain radicular

or somatic referred?
– What other contributions to distress are there?

� Unless there is a suspicion of red flag conditions,

laboratory investigations and radiographs can be

deferred for four weeks.

� Psychological factors are more predictive of chronicity

after acute LBP than clinical factors.
� Current anatomically based diagnostic terminology is

inadequate to describe acute LBP.
� The evidence base for common interventions in LBP is

constrained by most studies looking at populations with

mixed duration of pain and not distinguishing between

somatic referred and radicular pain when LBP is

associated with radiating pain into the lower limbs.
� A pragmatic, evidence-assisted approach to

management of acute LBP consists of the triad of

assurance, activation, and analgesia.

INTRODUCTION

Low back pain (LBP) is common, confusing, and costly.
The main source of the confusion (which feeds the
mythology surrounding back pain) is the problem of
clinical diagnostic terminology which stems from the
biomedical imperative to identify an underlying struc-
tural lesion. However, not only is there poor concordance
between symptoms and radiologically demonstrated

pathology, but also approximately 85 percent of episodes
are labeled as ‘‘nonspecific.’’ That is, in the majority of
cases a specific etiological or pathological diagnosis is not
possible. Whilst it has been tempting to attribute acute
low back pain to ‘‘disc degeneration’’ or to ‘‘facet joint
arthritis,’’ to name but two common labels, the mechan-
isms converting an age-related, usually asymptomatic,
structural phenomenon into a clinical episode remain
obscure. Although the prevalence of disc degeneration



increases with age, the occurrence and associated dis-
ability of acute LBP peaks between the ages of 35 and 55
years, the middle working years of life.1, 2

This chapter will concern primarily so-called ‘‘non-
specific’’ acute LBP, being defined as an episode of pain
felt in the lumbar spine and/or pelvic girdle of less than
three months in duration. A clinical approach will be
offered to identify ‘‘specific’’ biomedical conditions and
psychosocial factors in presentation and outcome.
Important in the physical assessment will be the distinc-
tion between radicular and somatic referred pain in the
pelvic girdle and lower limb,3 the former constituting a
‘‘red flag’’ condition. Management of such ‘‘red flag’’
conditions will not be discussed here. Integral to the
assessment of psychosocial factors is the concept of
‘‘yellow flags,’’ which identify risk factors for poor
recovery.4

Despite the problem in terminology which attends
LBP and the incomplete understanding underlying it,
there is a place for diagnostic discipline. Given that ‘‘pain’’
is the presenting symptom, to recursively elevate that to a
‘‘diagnosis’’ is to avoid the clinical responsibility of
identifying those factors in the biopsychosocial frame-
work5 that might contribute to that episode and thus may
serve as a guide for instituting management. It will be
suggested that, rather than ‘‘nonspecific LBP,’’ a descrip-
tive functional diagnostic label for the ‘‘biomedical’’
component be used, such as ‘‘mechanical lumbar spine
impairment.’’ This implies that the lumbar spine is the
origin of pain and that the mechanism is neither
inflammatory, infective, neoplastic, metabolic, nor neu-
ropathic, but may be related to abnormal movement of
the segment (although the transduction of that remains
obscure).

Guidelines for the management of acute LBP were
developed in a number of countries in the last decade;6, 7,
8, 9, 10, 11, 12 this chapter seeks to update the evidence
base underlying those. The limitations of extrapolating
the results of randomized controlled trials (RCTs) to the
patient who visits the primary care practitioner or
specialist will be discussed.

EPIDEMIOLOGY

The natural histories of acute and recurrent low back pain
are essentially benign in an impairment-based sense,
although not so in a disability- or capacity-based context.
In developed countries, around 60–80 percent of the
population will experience LBP during their lifetime, with
about 2–5 percent of the population at risk seeking
medical attention or taking time off work.2, 13, 14 The
annual incidence of low back pain varies from 15 to 45
percent of adults, with 5 percent presenting with a new
episode. The prevalence of low back pain (not necessarily
distinguishing between acute and persistent) ranges from
10 to 45 percent.15

A survey in New Zealand found that 57 percent of
men and 54 percent of women have had back pain during
their lives, with 10 percent having LBP on any one day.
Almost one-quarter felt that LBP had restricted their daily
activities.16 A UK survey17 showed similar results, with a
67 percent lifetime prevalence, 43 percent annual pre-
valence, and 21 percent point prevalence among an adult
population. Of these, 52 percent had not consulted a
health professional, increasing to 71 percent of those
with pain of less than two weeks duration. Those who did
consult their doctor for acute pain were more likely to be
unemployed or retired, to be given a diagnosis for their
back pain and to have greater than the median worst pain.
For those with pain of 2–12 weeks duration, a disability
score greater than the median and externalized locus of
control for pain management were the associated factors.
A cross-sectional study18 in a Danish population of
people aged 12–41 years found that, by the age of 18 years
in girls and 20 years in boys, more than 50 percent had
experienced at least one back pain episode. A systematic
review of the literature on LBP in the elderly19 concluded
that the prevalence of back pain in this population was
not known with certainty and was not comparable
with the younger population. There was wide variability
in the reported prevalence, demonstrating the need for
improved reporting of age information in studies.

Within the workforce, 50 percent or more will have
back pain each year.20 Almost one-quarter of patients
with LBP will consult a health care practitioner, and, of
these, 85 percent will have ‘‘nonspecific’’ LBP, the
majority of the remainder having a diagnosis of a
prolapsed intervertebral disk, for which the receipt of
disability compensation does not necessarily reduce the
rate of return to work.21

Episodes of acute low back pain are usually self-lim-
iting, with 10 percent failing to resolve over six weeks to
two months, but a recurrence rate of 50–80 percent
within one year has been suggested. The risk of persis-
tence of an acute episode to chronic low back pain is
estimated at 2–7 percent.22, 23 Risk factors for the devel-
opment of acute LBP include heavy physical work, fre-
quent bending, twisting, lifting, and prolonged static
postures.2

There is evidence for an effect of psychosocial factors
at work on the occurrence of back pain, particularly for
low social support and low job satisfaction, but not for
psychosocial factors in private life.24 The possibility was
raised of a positive association between low job satisfac-
tion and the physical factors which have been reported as
factors in LBP, including lifting, bending, twisting, and
whole body vibration. In a study of 46 individuals with a
high rate (73 percent) of asymptomatic disk abnormal-
ities followed for five years, the physical job characteristics
and psychological aspects of work were more powerful
than magnetic resonance imaging (MRI) in predicting
both medical consultations related to LBP and resultant
work incapacity.25
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Smoking has been associated with back pain in ado-
lescents26 and adults,27, 28 although there were too few
studies to relate smoking to structural factors such as
disk degeneration or herniation. A review concluded that
obesity should be considered as a possible weak indi-
cator.29 Studies are required to determine whether
changing these lifestyle factors improves the outcome of
acute LBP.

PRINCIPLES UNDERLYING CLINICAL
EVALUATION

Neuroanatomy of the lumbar spine

There are several candidate structures for the origin of
lumbar spinal pain. Nociceptive afferents supply the skin
and subcutaneous tissues, adipose tissue, fasciae and
ligaments, periosteum, dura mater, the adventitia of
blood tissues, and the fibrous capsules of the apophyseal
and sacroiliac joints.30, 31, 32 These structures are inner-
vated in a multisegmental, overlapping manner such that,
for example, the L4/5 apophyseal joint receives innerva-
tion from the L4 and L5 segments and the L5 nerve
supplies the L4/L5 and L5/S1 apophyseal joints.31 This
provides an anatomical substrate for the phenomenon of
somatic referred pain. In routine clinical practice, precise
diagnosis of the anatomical origin of LBP is not feasible
and, indeed, in the absence of tools to influence noci-
ception associated with altered spinal movement, may not
matter. However, the clinician can make a reasonable
inference as to the neuroanatomical segmental origin of
pain and to the mechanism of pain production by
assessment of spinal movement and mechanical allodynia
over the spine (see below under Clinical approach to
acute LBP).

Disease of the lumbar spine

Based on data from two prospective studies of patients
with acute LBP from primary care for radiological study,
the most common finding was normal in approximately
40 percent, with minor degenerative changes found in
about 50 percent. Fracture (vertebral compression) ran-
ged from 3 to 5 percent, whilst the prevalence of infection,
tumor, and inflammatory disorders together was about
1 percent;33, 34 2199 patients). That is, approximately
95 percent of acute LBP is ‘‘nonspecific,’’ in the sense
that a specific etiological or pathological process will not
be found.

Conversely, the correlation between pain and ‘‘degen-
erative’’ spinal conditions is low (relative risk o2.5;35, 36

The prevalence in asymptomatic lumbar spines of ana-
tomical abnormality, as shown by computed tomography
(CT) or MRI, is about 30 percent.37 It has been postulated
that the degenerative changes in the intervertebral disks

which occur progressively with age result in forward
tilting of the vertebrae and abnormal stresses on the
apophyseal joints23, 38 with subsequent osteoarthrosis
and potential activation of nociception. An earlier study
found that pain was associated with disk degeneration in
just over 50 percent of cases, with no pain being reported
in approximately 40 percent of individuals with similar
degenerative changes.13 Despite increasing disk degen-
eration with age, LBP and disability peaks around the
age of 40 or during the middle working years of life.1

Furthermore, there is wide variation between LBP and
disability following physical impairment in individual
patients.1

Psychosocial factors

There is increasing evidence that psychosocial factors are
of more importance than medical factors and physical job
factors in predicting the disability and chronicity asso-
ciated with back pain.39 A systematic review of psycho-
logical risk factors in back and neck pain has shown a link
between psychosocial variables and the transition from
acute to chronic pain disability, the presence of cognitive
factors as risk factors for pain and disability, and the
relationship between depression, anxiety, distress, and
related emotions.40

The New Zealand Guide to assessing psychosocial yellow
flags in acute low back pain4 includes a systematic
assessment of psychosocial risk factors, incorporating a
screening questionnaire as well as suggested strategies for
better management by primary care treatment providers
for those with acute LBP who are at risk. These so-called
‘‘yellow flags,’’ which may identify the risk of long-term
disability, distress, and work have been classified into:
attitudes and beliefs about back pain; behaviors; com-
pensation issues; diagnosis and treatment issues; emo-
tions; family; and work (Box 25.1). By reassessing
patients for ‘‘yellow flag’’ factors where resolution of
an acute episode of work-related LBP is slow, it may
be possible to avoid the development of excess pain
behavior, a sick role, inactivity syndromes, reinjuring,
recurrences, complications, psychosocial sequelae, long-
term disability, and work loss. However, stratification of

Box 25.1 Some psychosocial predictors of
poor outcome

� Belief that back pain is harmful or severely
disabling.

� Fear-avoidance behavior and reduced activity
levels.

� Tendency to low mood and social withdrawal.
� Expectation that passive treatments rather than

active participation will help.
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back-injured workers, according to disability risk and
treatment with practice guidelines, has not yet shown a
significant impact on return to work, self-assessed pain,
or satisfaction with health care,41 although trials40, 42, 43

do point to the relevance of the identification and man-
agement of psychosocial factors to reduce the long-term
disability and hardship associated with acute back pain
when that does not resolve with usual activity and con-
fident reassurance by the health provider.

On the other hand, the ‘‘nonorganic’’ signs and
symptoms originally described as screening tools to
determine a poor outcome in patients with chronic pain
have shown poor predictive value for determining which
patients with acute work-related LBP would return to full
work duty within four weeks with physical therapy.44

Prognosis

The natural history of LBP is dependent on the cohort
being studied, with early (American) studies showing
that approximately 40 percent of patients are well within
one week, 60–85 percent within two weeks, and 90 per-
cent within two months.45 More recent (British) studies
have suggested 90 percent resolution in two weeks46 in a
cohort of patients with pain of less than 72 hours dura-
tion. Another (British) study in primary care47 found that
although 90 percent of patients with LBP will have
stopped consulting with symptoms within three months,
only one-quarter will have completely recovered in terms
of pain and disability in one year, although follow-up was
incomplete. From the usual-care arm of a (Australian)
study of patients in primary care with a median duration
of acute LBP of 2.1 weeks, 49 percent had recovered
completely at three months, 64 percent at six months, and
56 percent at 12 months.48 A review of studies in primary
care49 concluded that although back pain usually
improves considerably within a week of a primary care
visit, it is common for less severe back pain to continue
for one to three months, with long-term follow-up typi-
cally revealing a recurrent course and that chronic back
pain is far from rare. Of relevance to this discussion is the
observation that up to 70 percent of patients with acute
LBP in the community do not consult their general
practitioner.17 If such patients were to be recruited into a
study, the high spontaneous resolution rate would require
a large cohort in order to show a statistically significant
benefit from a therapeutic intervention.

Because of the difficulty in interpretation, the
Cochrane Collaboration Back Review Group for spinal
resources has developed method guidelines.8 These
guidelines include patient selection criteria, eligibility
being specified to allow a match between the patient in
the trial and the patient with back pain in the clinic. Such
rigor in the methodology of the RCT increases the
strength of the conclusions drawn from it, but it has
the potential to be less applicable to the average patient

if the criteria are too exclusive. Proposed instruments
for assessing outcome include measures of patient
symptoms, function, general well-being, work disability,
and satisfaction with care.50, 51

Reliable means of preventing the occurrence of back
pain, particularly in industry, would be of particular
social and economic benefit; however, studies have
shown that interventions such as education52 and lumbar
corset did not lead to a reduction in LBP incidents or
sick-leave,53, 54 nor did a back school program lead to a
reduction in recurrent episodes.55 A review of preventive
interventions for back and neck pain problems has con-
firmed these results, and has also shown that ergonomics
and risk factor modification are either unhelpful or
unproven. The only effective prevention appears to be
exercises, although the methodology of the studies is
weak and the effect is not strong.24, 56, 57

The influence of psychosocial factors on presentation,
course, and prognosis has already been mentioned.
Baseline job satisfaction significantly predicted variations
in outcome scores at six months beyond the variations
explained by control factors.58 The outcome was poorer
in those who always felt unwell and in those who were less
well educated.59 Older age and gender have also been
found to be related to chronicity,60 with a poor outcome
being twice as common in women as in men. This study
also found that premorbid factors associated with adverse
outcome included psychological distress (as measured by
the General Health Questionnaire), poor self-rated health,
low levels of physical activity, smoking, and dissatisfaction
with employment. Clinical factors associated with the
episode of LBP, such as duration of symptoms, pain
radiating to the leg, widespread pain, and restriction of
spinal mobility, were also related to adverse outcome.
Around 30 percent of episodes resulted in persistent
disabling symptoms. In another study, higher levels of
smoking were correlated with higher levels of back pain
disability, lower physical functioning, and more severe
low back pain.61

Those who are off work for a prolonged period have a
reduced chance of ever returning to work, with up to 50
percent of patients with back pain out of work for six
months never returning to work.1 The return-to-work
statistics are also dependent on the local employment
rate62 and workers’ compensation infrastructure.63

Despite this, advice to keep active and to remain at work
if possible has been shown to improve the long-term
outcome of back pain, including employment, although
recurrences of pain (but not necessarily disability) com-
monly occur, regardless of initial treatment and main-
tenance regimens.

A summary of intervention studies found that
employers who promptly offer appropriately modified
duties can reduce time lost per episode of back pain by at
least 30 percent, with newer studies of guideline-based
approaches suggesting that a combination of all these
approaches in a coordinated workplace-based care system
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can achieve a reduction of 50 percent in time lost due to
back pain at no extra cost and, in some settings, with
significant savings.64

CLINICAL APPROACH TO ACUTE LBP

The experience of pain reflects a complex interaction of
somatic and psychosocial contributions. Those factors
which convert a person with LBP into a patient with LBP
are not well understood. Pain is ‘‘diagnosed’’ clinically,
predominantly by history, with a contribution from
physical examination. There is no test that measures the
presence or extent of pain. Acute LBP may be present
without structural disease and structural disease may be
present without pain. With the exception of serious (‘‘red
flag’’) conditions, to which the main clinical alert is the
history, identification of a specific cause of acute LBP is
not necessary for effective management. Hence it may be
more useful to determine, in broad terms, the mechanism
of production of pain rather than trying to determine its
anatomical origin.

Is the problem mechanical or not?

By introducing a mechanical/nonmechanical dichotomy
in substitution for the ‘‘nonspecific’’/‘‘specific’’ dichot-
omy, it is intended to suggest firstly that abnormal spinal
movement itself in the absence of an active disease process
might be responsible for the pain and secondly that
‘‘nonmechanical’’ encompasses those medical diseases
identified as ‘‘red flag’’ conditions, namely infection,
inflammation, neoplastic disease, metabolic bone disease,
and neural involvement. The presence of these latter
‘‘nonmechanical’’ conditions takes the patient out of the
‘‘nonspecific’’ algorithm into a process more resembling
the biomedical model of disease assessment. In these
conditions there will be other clues that the person is
unwell and does not have a regional neuromusculoskeletal
problem (Table 25.1).

The essential feature of LBP of presumed mechanical
pathogenesis is painful limited spinal movements in the
absence of systemic disease. This comprises the majority
of presentations, including pain in anatomically normal
spines and in spondylotic spines. Spondylosis – the
combination of loss of intervertebral disk integrity and
zygapophyseal osteoarthrosis65 – is not an intrinsically
symptomatic condition. Although the neurophysiological
transduction of mechanical nociception is still being
elucidated, the phenomena of altered intervertebral
movement and mechanical allodynia may be useful
‘‘signs’’ leading to an inference of mechanical pain.

Physical examination consists of observation of spinal
movement, gait and posture, palpation for allodynia,
passive movement of lower limb joints, and screening of
lower limb neurological function. Elicitation of allodynia
by firm (nonnoxious) digital palpation over spinous
processes and paraspinal structures may reproduce not
only the pain of which the patient complaints, but also
remote pelvic girdle or lower limb pain from which the
anatomical level of origin may be inferred. The problems
attending this fundamental clinical approach include
absence of consensus on technique, variable interobserver
reliability in elicitation of signs, poor construct validity
regarding diagnosis, and poor predictive validity regard-
ing treatment.54 Nonetheless, if the purposes of exam-
ination are to facilitate reasonable inference of
mechanism and to identify serious conditions, such an
approach can be justified (Table 25.2).

Is any associated pelvic girdle or lower limb
pain radicular or somatic referred?

This clinical distinction is important and has implications
for investigation and for management, as the diagnosis of
radicular pain takes the patient out of the mechanical or
‘‘nonspecific’’ LBP category and may require invasive
treatment, in marked contrast to a diagnosis of somatic
referred pain. Radicular pain is well-localized anatomi-
cally in a dermatomal distribution, is of dysesthetic

Table 25.1 ‘‘Red flags’’ suggesting potentially serious pathology underlying spinal pain.

From history On examination

Significant trauma Signs of lumbar radiculopathy

Weight loss Features of cauda equina compression

History of cancer Findings of visceral pathology

Fever

Intravenous drug use, or exposure to human

immunodeficiency virus (HIV)

Steroid use

Patients aged over 50 or under 20 years

Severe unremitting pain

Pain that is worse when the patient is lying

down
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quality (‘‘shooting,’’ ‘‘burning,’’ or ‘‘electrical’’) and is
necessarily accompanied by features of disturbed axonal
function such as myotomal weakness, dermatomal
hypoesthesia, and reduction in deep tendon reflexes.66 A
particular example of such radiculopathy is so-called
‘‘cauda equina syndrome’’ when encroachment on the
second, third, or fourth sacral nerve roots may produce
perineal hypoesthesia and loss of sphincter function, in
addition to pain. By contrast, somatic referred pain is
poorly localized anatomically, is of dull or aching quality,
and is unaccompanied by signs of axonal dysfunction
(although there may be allodynia of deep tissues67, 68).
Pain radiating to below the knee may be referred.69, 70,
71, 72 Patterns of referral vary between individuals
although commonly the spinal segmental origin can be
ascertained.67, 72 Low back pain, somatic referred pain,
and radicular pain may occur together but their origins
and mechanisms differ.

What other contributions to distress are there?

The experience of pain may be conceptualized as the
outcome of interaction between somatic contributions as
signaled by nociceptive pathways and affective, beha-
vioral, and cognitive factors which reflect the individual’s
reaction to this unpleasant altered signaling, its perceived
meaning, and the influence of society. A powerful
example of the last of these is the apparent distinction
made between instances of LBP which occur in the con-
text of employment and those which do not.5

Frequently, distress appears to be in excess of any
discernable somatic contribution. Of the many factors
that potentially amplify the experience of pain, a common
theme is beliefs concerning pathology and prognosis,
especially those which might lead to fear-avoidance
behavior, predicated on the assumption that pain incur-
red on movement heralds a disaster.73 Affective con-
sequences of a painful event, such as anxiety, depression,
and anger, can also amplify pain.

These factors can be addressed through the use of
simple open questions such as:

� ‘‘How is this pain interfering with your life?’’
� ‘‘Has there been any change in your mood?’’
� ‘‘What do you understand – or have been told – is

(or might be) causing this pain?’’

The responses to these or similar questions may help
the clinician to allay unrealistic fears and expectations, to
identify a mood disorder, and to tailor a treatment
program to the individual patient.

Investigations

The AHCPR guidelines6 suggest that a full blood count
and erythrocyte sedimentation rate (ESR) should be
performed only if there are features of red flag conditions.
Other tests, such as calcium, alkaline phosphatase, pros-
tate specific antigen, and serum protein electrophoresis,
can be ordered depending on the circumstances such as a

Table 25.2 Diagnostic framework for low back pain.

Mechanical Nonmechanical

Pain Less localized Usually localized

Worse later in day No diurnal variationa

Usually worst when sitting, least when lying,

worse with movement

Uninfluenced by posture or movement

Other features Essentially well person Weight loss

Fever

Peripheral arthritis

Symptoms in other systems

Spinal movement Painful limited movement usually of several

segments

Normal, or reduced mobility of one or two segments

Allodynia/ hyperalgesia Diffuse Localized

Neurological signs in

lower limbs

May be present May be present

‘‘Disease-based’’ entities Anatomically normal spine Infection: discitis, epidural abscess, meningitis

Symptomatic disc failure: spondylosis,

prolapse, spondylolisthesis, canal stenosis

Inflammatory: spondyloarthropathies (ankylosing

spondylitis, psoriatic and reactive arthritis)

With limb pain: radicular, somatic referred Neoplastic: secondary carcinoma (breast, prostate,

lung, melanoma)

Metabolic: Paget’s disease, osteoporotic vertebral

fracture

aExcept inflammatory disease: worse in mornings, eased by movement.
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previous history of malignancy. Likewise, plain radio-
graphs are useful only if the history and the examination
suggest a red flag condition. Where there is a history
of previous cancer or a suspicion of infection or of
metabolic bone disease, nuclear medicine imaging is a
useful screening test to guide additional imaging and
biopsy.

In the absence of factors suggesting a red flag condi-
tion, laboratory tests and imaging can be deferred for four
weeks because of the favorable natural history during this
time and the need to avoid unnecessary radiation and
expense. In addition, radiological interobserver error in
some conditions, such as degenerative spondylolisthesis,
facet joint arthrosis, and sacroiliac joint arthrosis, needs
to be considered.74

The decision to image back pain patients should be
informed by knowledge of the natural history, manage-
ment options, and sensitivity and specificity of the ima-
ging modality. Such an investigation should assist in the
diagnosis of the patient and must also influence man-
agement.75 For example, as 30 percent of people without
low back symptoms will have significant abnormalities on
MRI or CT,37 these investigations should be reserved for
people in whom cancer or infection is suspected, where
there is persistent neurological deficit or symptomatic
lumbar canal stenosis (although the last of these does not
present with acute back pain), or where there is diagnostic
uncertainty.

Diagnostic labeling

The current status of diagnostic labeling is based on
anatomical concepts, according to the IASP taxonomy.76

It has been suggested that, where there is no identifiable
pathology, the terms ‘‘lumbar spinal pain of unknown
origin’’ or ‘‘somatic lumbar spinal pain’’ be used.54, 76

However, this elevates the symptom – pain – to the
status of a diagnosis. Pain is, by definition, a highly
complex phenomenon but clinical method invites
identification of contributions – somatic and psychoso-
cial if not also societal. Furthermore, in mechanical
(or ‘‘nonspecific’’) spinal pain, the lack of concordance
between anatomically defined disease and clinical
presentation challenges that convention. An alternative
proposition for the somatic component of ‘‘nonspecific’’
spinal pain is for it to be attributed to ‘‘(acute)
mechanical lumbar spine impairment’’ with, if appro-
priate, ‘‘somatic referred pain in the lower limb.’’ This
labeling hypothesizes that abnormal function of the
lumbar spine is relevant to nociception generated therein
and the pain with which the patient presents. The
addendum identifies the important distinction between
somatic referred and radicular pain, the latter, being a
‘‘red flag’’ condition, taking the associated back pain out
of the ‘‘nonspecific’’ category, even though the mechan-
isms are distinct. (It could be argued further that another

axis of diagnostic labeling could be added, to recognize
the psychosocial or ‘‘nonsomatic’’ contributions to the
presentation.)

Attempts have been made to classify nonspecific
back pain to provide more homogeneous groups for
further study, including natural history and response
to treatment. The Quebec Task Force7 developed a
classification based on symptoms, their duration, and
the working status of the patient at the time of the
evaluation. Symptoms included pain without radiation,
pain plus radiation to the proximal extremity, and pain
plus radiation to the distal extremity, with the duration
being less than seven days, between seven days and seven
weeks, and longer than seven weeks. This concept was
extended by Krause and Ragland,77 who developed an
eight-phase model of occupational disability. The initial
four acute phases comprise: phase 1, nondisabling LBP
episodes that are not reported; phase 2, a work-related
injury or illness that is formally reported and that
ends when the person takes time off work; phase 3,
short-term disability of less than one week’s duration;
and phase 4, which is defined by work disability of
one to seven weeks. It was claimed that this model
overcomes the disadvantages of biomedical models of
LBP and takes into account the social and dynamic
nature of disability.

EVIDENCE-BASED EVALUATION OF
MANAGEMENT

Studies have tended to look at populations with mixed
duration of pain (acute and chronic) and with and
without radiating pain to the lower limbs (not distin-
guishing between somatic referred and radicular pain)
(Table 25.3).

Active physical therapy

ACTIVATION

Clinical evidence78 found two systematic reviews:79[I]
search date 1996, six RCTs, 1957 people;80[I]: search date
2003, 11 RCTs, 1963 people (excluding those with neu-
rological signs) and one later RCT.81[II], 82[II] The con-
sensus from here and from the Australian Acute
Musculoskeletal Pain Guidelines Group (AAMPGG)54 is
that advice to stay active is associated with a small bene-
ficial effect on pain, rate of recovery, and function,
compared with bed rest or with specific exercise regimens.
This advice is also associated with reduced sick leave and
persistent disability compared with no advice or with
advice to rest and take analgesics. There is no evidence
that performing normal activities of daily living within
the limits of pain is harmful.
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BED REST

Clinical evidence78 found a systematic review of 11 RCTs
(search date 2003, 1963 people, distinction made between
those with neurological deficit and thus with a ‘‘specific’’
diagnosis).80[I] This review found that advice to rest in
bed was associated with increased pain and poorer
functional outcomes after three to four weeks and twelve
weeks compared with advice to stay active. There was
limited evidence of no significant difference in outcomes
between advice to rest or to exercise, or in outcomes after
three to seven days of bed rest. Adverse effects of bed rest
include joint stiffness, muscle wasting, loss of bone
mineral density, pressure sores, and venous thrombo-
embolism.79[I] Clinical evidence concludes that bed rest
is likely to be ineffective or harmful.

The AAMPGG54 concluded that, in mixed populations
with low back pain, there was insufficient evidence that

bed rest was more effective than any other intervention
(including no intervention) and there was conflicting
evidence that bed rest was associated with increased
disability and slower rate of recovery compared with
staying active.54

BACK EXERCISES

Exercises prescribed for people with low back pain are
diverse and may include stretching, flexion, extension,
endurance, strengthening, alone or in combination.
Exercise programs differ in their philosophy, content, and
delivery. Taken together with the diversity in populations
studied, outcome measures, and duration, it is difficult
to draw conclusions on their effectiveness.

A systematic review (search date 2004, 11 RCTs) found
no significant differences in pain or function between

Table 25.3 Evidence for interventions in acute low back pain.

Intervention Conclusion Level of evidence

Activity

Advice to stay active Beneficial [I], [II]

Bed rest Conflicting evidence: [I], [II]

Likely to be ineffective

Back exercises Insufficient evidence: [I], [II]

Unlikely to be beneficial

Back school Insufficient evidence [I], [II]

Physical

Spinal manipulation Conflicting evidence [I]

Likely short-term benefit

Acupuncture Insufficient evidence [I]

Massage Insufficient evidence No [I] or [II]

Lumbar supports Insufficient evidence No [I] or [II]

Traction Insufficient evidence No [I] or [II]

Transcutaneous electrical nerve stimulation Insufficient evidence No [I] or [II]

Pharmacotherapy

Analgesics (simple) Insufficient evidence No [I] or [II]

Analgesics (compound and opioid) Insufficient evidence No [I] or [II]

Nonsteroidal anti-inflammatory drugs Conflicting evidence [I]

Likely short-term benefit

Muscle relaxants Conflicting [I]

Trade-off between benefit and harm

Injection

Injection (facet joint, epidural, or soft tissue) Insufficient evidence No [I] or [II]

Cognitive behavioural

Printed information Beneficial [II]

CBT Insufficient evidence No [I] or [II]

Multidisciplinary treatment in the workplace Insufficient evidence No [I] or [II]

Adapted from references 54 and 78.
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exercise and no treatment or between exercise and other
conservative treatment.55[I] However, in subacute LBP
(6–12 weeks) occurring in an occupational setting, a
graded exercise program may reduce time off work
compared with usual care. Clinical evidence concludes
that back exercises are unlikely to be beneficial.78 The
AAMPGG found conflicting evidence for the effectiveness
of back exercises in reducing pain and disability com-
pared with other active and passive modalities in mixed
populations with low back pain. There is no evidence that
back exercises cause harm.54

BACK SCHOOLS

Although a back school may be defined as a program
of education and skills acquisition including exercises,
supervised by a health professional, the format and con-
tent of such programs varies extensively. A systematic
review,55[I] search date 2003, four RCTs,83 found the
diversity prohibited analysis. There is insufficient evidence
that back school is more effective than active, passive, or
placebo therapies in people with acute low back pain.

Passive physical modalities

SPINAL MANIPULATION

Evaluation of the effectiveness of spinal manipulation is
made difficult by the different techniques employed and
methodological limitations of published studies. A sys-
tematic review,84[I] search date 2000, 29 RCTs, found that
spinal manipulative therapy reduced pain in the short term
(less than six weeks) by 10mm on a 100mm pain visual
analog scale (VAS) (95 percent CI 2–17mm), but had no
significant effect on functional outcomes or on longer term
pain reduction. A later RCT85[II], which compared
manipulation, muscle relaxants, and placebo, found sig-
nificantly reduced pain from chiropractic adjustment
compared with sham at two and four weeks. The review
found no differences in terms of pain or functional out-
come between spinal manipulation, usual care, physical
therapy, exercises, or back school. An earlier review con-
cerning harm86[I] found a low risk of potentially serious
complications in skilled hands (cauda equina syndrome
o1:1,000,000). Clinical evidence78 concludes that spinal
manipulation in the short term is likely to be beneficial;
AAMPGG54 considers that this evidence is conflicting,
whilst there is insufficient evidence on which to compare
spinal manipulation with other conservative treatments.

ACUPUNCTURE

A systematic review,87[I] search date 2003, three
RCTs, found insufficient evidence from which to draw
conclusions, rendering the effectiveness of this treatment
for acute LBP unknown. An earlier review found adverse

effects to be rare although potentially serious, including
infections, pneumothorax, and visceral trauma.88[I]

MASSAGE

There are no controlled studies of the effectiveness of
massage therapy in acute LBP. A systematic review,89[I]
search date 2001, nine RCTs, found moderate evidence
that massage reduces pain intensity in the subacute period
(4–12 weeks) comparable with the effects of exercise and
manipulation.

LUMBAR SUPPORTS

Similarly, there are no controlled studies on the effect of
lumbar supports in acute LBP. From studies of mixed
populations with acute LBP, there is insufficient evidence for
the effectiveness of lumbar supports compared with spinal
manipulation, exercises, massage, transcutaneous electrical
nerve stimulation (TENS), or simple analgesia.53[I], 54

TRACTION

Older reviews8[I], 90[I] found no controlled studies on
the effect of traction and conclude that there is insuffi-
cient evidence for its effectiveness compared with
placebo and other treatments in mixed populations with
acute LBP.

TENS

In mixed populations of acute LBP, there are no con-
trolled studies on the effect of TENS in acute LBP and
insufficient evidence for its effectiveness compared with
other modalities.91[I]

Pharmacotherapy

ANALGESICS: SIMPLE, COMPOUND, AND OPIOID

Paracetamol (acetaminophen) is readily available without
prescription as an all-purpose analgesic agent. Clinical
evidence78 reports two systematic reviews8[I], 92[I] that
identified no RCTs of paracetamol compared with
placebo. No significant differences have been found in
clinical outcome comparing paracetamol, opioids, and
nonsteroidal anti-inflammatory drugs (NSAIDs). At
therapeutic doses (o4 g per day), adverse effects of
paracetamol are rare, even in fasting patients and alco-
holics.93 Overdose of paracetamol may be associated
with liver damage and secondary renal failure.94 The
most important clinical interaction involves paracetamol
and warfarin; in patients who need anticoagulant and
analgesic therapy, paracetamol is preferred to aspirin
and nonselective and selective NSAIDs.95
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There are no RCTs investigating the efficacy of opioid
analgesics alone or with acetaminophen in acute LBP.
In general, opioids have an increased risk of adverse
effects compared with paracetamol alone.96[I]

NSAIDS

Clinical evidence78 cites one systematic review,92[I] search
date 1998, 45 RCTs, that pooled only for NSAIDs versus
placebo. This review found significantly increased global
improvement after one week in a mixed population.
There was no difference among NSAIDs in outcomes.
The same review found no difference between NSAIDs
or muscle relaxants or opioids in terms of pain relief
or overall improvement. Clinical evidence78 concludes
that NSAIDs are beneficial, whilst the AAMPGG54 con-
siders the evidence to be conflicting.

Adverse effects of NSAIDs include gastrointestinal
bleeding and perforation, impaired renal function, inter-
ference with antihypertensive control, and worsening of
cardiac failure.6, 97[I], 98[III]

MUSCLE RELAXANTS

Muscle relaxants comprise a diverse group of agents act-
ing on skeletal muscle directly or on the neuromuscular
junction. The rationale is that muscle spasm contributes
to acute LBP. A systematic review99[I] found one
poor quality RCT of (oral and parenteral) diazepam
versus placebo. Meta-analysis of RCTs of oral non-
benzodiazepine drugs (baclofen, cyclobenzaprine, orphe-
nadrine, tizanidine) found reduced pain and global
improvement at two to four days. No difference between
muscle relaxants and placebo was found at four weeks.85

[II] Adverse effects of muscle relaxants are common,
including dizziness, drowsiness, and nausea.82

Clinical evidence78 considers that there is a trade-off
between benefits and harms of muscle relaxants; the
AAMPGG54 considers the evidence to be conflicting.

Injections

SOFT TISSUE OR FACET JOINT

Injection therapy is predicated on the assumption that
the anatomical origin of LBP can be readily identified and
locally treated. Targets include ‘‘trigger points,’’ ligaments,
and apophyseal joints, but evidence for effectiveness in
acute LBP is lacking.6, 100[I]

EPIDURAL INJECTIONS

The literature on epidural steroids is complicated by
mixed duration of pain and by mixed populations of
patients with nonspecific LBP and radicular pain. Clinical

evidence78 found one review,101[I] search date 1998,
which found no RCTs on the use of epidural injections in
people with acute LBP without leg pain.

Adverse effects of injection therapy are infrequent but
include infection and hemorrhage (especially in the epi-
dural space), intradural penetration, and headache.6, 100

[I], 101[I]

Cognitive modalities

PRINTED INFORMATION

Documents may provide evidence-based information on
the nature and natural history of acute LBP, plus advice
to stay active. The AAMPGG54 cites level [II] evidence
that ‘‘activity-focused’’ printed information reinforcing
similar verbal advice was more effective than traditional
brochures or no printed information. However, infor-
mation received through the mail is less likely to have an
effect than information provided in person.41[II], 42[II],
102[II], 103[III], 104

COGNITIVE-BEHAVIORAL THERAPY

Studies have not distinguished between acute and chronic
populations, between specific and nonspecific conditions,
and between varieties of behavioral therapies. A sys-
tematic review,8[I] search date 1995, one RCT, found
limited evidence that cognitive-behavioral therapy (CBT)
reduced pain and disability at 9–12 months compared
with traditional care. The AAMPGG54 concludes that
CBT reduces general disability in the long term compared
with traditional care in mixed populations with back
pain. However, there are no studies on CBT as a single
intervention.

MULTIDISCIPLINARY PROGRAMS

A systematic review of inpatient and outpatient programs
that included physician consultation and psychological,
social work, or vocational input (excluding back schools)
revealed two RCTs in subacute LBP,105[I] search date
2002. Multidisciplinary treatment significantly reduced
sick leave compared with usual care.

A PRAGMATIC APPROACH TO MANAGEMENT
OF ACUTE LOW BACK PAIN

Guidelines and evidence-based medicine

Clinical guidelines are described as ‘‘systematically
developed statements that assist practitioner and patient
decisions about appropriate health care for specific
clinical circumstances.’’106 The Institute of Medicine

Chapter 25 Acute low back pain ] 453



stated that guidelines should be valid, reliable, clinically
applicable, flexible, clear, developed with a multi-
disciplinary process, scheduled for periodic review,
and well documented. The first systematic large-scale
review was that of the Quebec Task Force on Spinal
Disorders,7 which identified the size of the problem and
the significant cost to the patient and to society
which a delay in returning to work imposed. In addition
to these factors, increasing evidence of inappropriate
treatments and a growing body of clinical trial data
resulted in the development of the Agency for
Health Care Policy and Research guidelines.6 The devel-
opers of these guidelines are reported as reviewing the
abstracts of 10,317 studies and selecting 3918 articles for
further evaluation. These comprehensive guidelines
include the initial evaluation of patients who had acute
low back problems, management of symptoms, including
use of medications, spinal manipulations, and activity
modifications, use of imaging studies, evaluations
for surgery, surgery for herniated disks, and surgery
for spinal stenosis. The scientific basis for the recom-
mendations in the guidelines is made explicit and
the strengths and weaknesses of the evidence are high-
lighted. In addition, the guidelines incorporated a
preference-based approach,9 which fulfilled the criteria
for the outcome-based methodology but also explicitly
assessed patient preferences for the relevant health
outcomes.

The Clinical Standards Advisory Group (CSAG)10 in
the UK produced their own guidelines based on the US
literature review, with a recommendation for a compre-
hensive biopsychosocial assessment at six weeks.
More attention was placed on the dissemination of
feedback from these guidelines to develop ownership,
and in 1997 the Accident Rehabilitation and Compen-
sation Insurance Corporation (ACC) and National
Health Committee published the New Zealand acute low
back pain guide11 and the Guide to assessing psychosocial
yellow flags,4 with yellow flag conditions being those
psychosocial risk factors for the development of
chronicity and ongoing disability if not identified and
addressed. Further clinical guidelines associated with a
review of the evidence were produced in the UK in
1996.12

Clinical guidelines have been shown to demonstrate
improvements in clinical practice and patient outcome in
a variety of conditions, provided that attention is paid to
appropriate implementation methodology.107 Although
there are barriers to the implementation of guidelines,
because of patients’ past experiences and preferences
influencing general practitioners’ practice,108 benefit from
their use has now been shown to occur in the area of back
pain. A reduction in the rate of imaging and referrals for
specialty advice was achieved by primary care physician
education, without a fall in patient satisfaction. For those
patients whose pain became chronic or complex, the
implementation of a spine clinic resulted in visits to spine

surgeons and the spine surgery rates falling by 50 and 35
percent, respectively.109

The results of this case study were replicated in a
controlled study of 110 workers compensated for LBP for
four to eight weeks, which showed an improvement in
coordinated primary health care in a large community
compared with a control group, with a trend toward an
earlier return to work and statistically significant
improvement in pain and function at six months, with
three times less use of imagery at three months, and twice
as much use of exercise at six months.110

These results were replicated in an interstate compar-
ison in Australia, where a state-wide education program
based on acute back pain evidence-based guidelines,
including a mass media campaign, resulted in similar
outcomes to a neighboring state at a reduced cost. This
population-based primary prevention intervention
improved beliefs about back pain in the general popula-
tion and knowledge and attitudes among general practi-
tioners, with a decrease in the number and rate of
workers’ compensation claims for back pain and a
reduction in medical payments.111

Management of acute mechanical low back
pain

Taking into account this state of the art regarding
acute LBP, a rational approach to management
can be proposed. In symptomatic mechanical lumbar
spine impairment, the therapeutic targets are the pain
itself (‘‘distress’’) and the limitation of function (‘‘dis-
ability’’). Both medical and cognitive-behavioral approa-
ches are involved. For nonmechanical (‘‘specific’’)
conditions associated with acute LBP, therapy directed
towards the underlying disease process is added to this
regimen.

The key elements of management are assurance,
activation, and analgesia, and include:

� explain natural history, prognosis and principles of
management;

� recommend minimal bed rest;
� prescribe adequate analgesia;
� correct ergonomics of spinal movement;
� pay attention to psychosocial factors;
� investigate where there are features of ‘‘red flag’’

conditions;
� reiterate regularly.

This has been presented as an algorithm in the New
Zealand acute low back pain guide (Figure 25.1) These
emphasize full reassessment at four weeks and at six
weeks. If reasons for nonrecovery have not been identi-
fied, specialist referral is indicated. The use of a multi-
disciplinary team for an integrated management plan
may be appropriate at this stage.
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KEY LEARNING POINTS

� Childbirth represents one of the most intense pains that

a woman may experience in her life.
� The pain of parturition is dynamic, with wide variation

among parturients and during the course of labor.
� The pain of parturition generally parallels the course of

labor, with early pain being primarily visceral and late

pain being primarily somatic.
� Dysfunctional labor may produce severe pain that is out

of proportion to the stage of labor.
� The initial pain of parturition is localized to the T11 and

T12 spinal segments, while later labor pains are referred

to a larger nociceptive field.

� There is a dramatic and parallel physiological response

to childbirth pain that can produce harmful effects for

the mother and fetus.
� Many of the tools used to measure pain in

general have significant limitation when applied to

parturition.
� Neuraxial analgesia is the most effective

method of providing pain relief; non-neuraxial

methods, although having a lower efficacy,

may be of great benefit in selected

populations.

INTRODUCTION

The pain of parturition strikes across ages, races, and
cultures.1 Most women describe the pain of labor as being
quite severe. In fact, parturition may produce the worst
pain felt by a woman at any time during her life.2 Par-
turition has been described as a model of acute pain,
producing pain with a finite beginning and ending.3

However, the stimulus, psychosocial interaction, and
subjective perception and expression of pain result in a
tremendous variation in the description of childbirth pain
among women. This variation has been interpreted in
many ways (Figure 26.1). To some authors, the varying

degrees of pain during labor are a matter of perception;
the stimulus is identical among women, but emotional,
psychological, or social conditions lead to varying degrees
of expression.4 To others, the variation in reported pain
may be a result of differences in the physical stimulus,
neural response, and labor process, which interact with
the psychosocial state of the parturient.5, 6, 7 This diver-
gence of opinions may result from the method of mea-
suring pain.4 It cannot be denied that psychosocial factors
interact with the physical, obstetric stimulus; however, the
precise nature of this interaction remains to be defined.

The pain of parturition has an anatomic source, a
neurologic transmission, and a proportional physiologic



response. Observations of primitive cultures document
that most parturients display signs of anguishing pain.1, 8

Likewise, close observation of various animal species
demonstrates that parturition is a painful natural pro-
cess.9 Thus, previous claims that childbirth should be
painless10 and the result of culturally derived fear11 are
not supported by the literature. The appreciation of labor
pain requires an understanding of the neurobiological
nature of parturition.

� What pain may require treatment during pregnancy?
� What is the magnitude of labor pain?
� What is labor and how does the stimulus for pain

change throughout labor?
� What are the neural pathways and physiologic

responses to labor pain?

Parturition presents a unique form of acute pain in that
the process and stimulus for pain evolve throughout the
course of childbirth, and the evolution is neither constant
throughout labor nor consistent among parturients.
Many women start their labor with the expectation that
they will not require pain medication, but later change
their mind. The treatment of childbirth pain is con-
troversial, mainly stemming from the divergence in opi-
nions over the etiology of pain. To some authors,
medications represent a failure of the individual par-
turient, as all pain is due to fear, anxiety, or lack of
confidence. To others, even after accounting for psycho-
logical and nonpharmacological therapies, labor remains
exquisitely painful for most parturients.

In this chapter, we will review the following questions.

� What are the factors that influence the severity of
pain?

� What are the treatment options for the pain of
parturition?

� How successful are the treatments?

PAIN DURING PREGNANCY

A number of pain syndromes manifest during pregnancy
and may need to be evaluated or treated. The unique
nature of these syndromes to pregnancy is that they are
caused by the physiological changes in the parturient and
are often limited to the duration of the pregnancy. The
most common pain syndromes in pregnancy are: lum-
bosacral back pain, pelvic girdle pain, and pain from
nerve compression.

Medication

The pharmacological treatment of pain during pregnancy
must take into account two variables. First, consideration
must be taken for the effects of the medication on the
fetus. Second, pregnancy is associated with an increased
circulating level of progesterone. This results in aug-
mented sensitivity to all medications. Thorough
descriptions of the risks and benefits of these medications
can be found elsewhere; here, we present the general
principles of use.

� Paracetamol (acetaminophen)
– There are no contraindications to the use of

paracetamol during pregnancy.
– Prolonged usage and overdosage may be

associated with fetal liver toxicity.
� Nonsteroidal anti-inflammatory drugs (NSAIDs):

– During early pregnancy, these medications are
not associated with adverse effects on fetal
development.12
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Psychological
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Emotional
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Confidence

Psychological
Social
Emotional
Preparation
Confidence

Anatomy
Neurology
Maternal
Obstetric

Source of labor pain Variation Modifying factors Expressed
variation

(a)

(b)

Figure 26.1 Models of labor pain variation. This figure is a

graphical representation of the two opposing models used to

explain the variation in pain during parturition. (a) The amount

of labor pain produced by the anatomical, neurological,

maternal, and obstetric characteristics (e.g. strength of

contractions, pelvic size and shape, fetal size, pain threshold)

varies minimally among women. This sensory input is acted

upon by the psychological, social, and emotional condition of

the parturient, with additional modification with learned

preparation and confidence, to produce the wide variation in

the expression of pain. Effective preparation and maternal

confidence in the ability to control pain will significantly

decrease the degree of perceived pain. One possible mechanism

is amplification of descending inhibitory pathways by a higher

center. (b) The sensory input is depicted as the primary

determinant of variation among parturients. This is then

influenced to a lesser degree by the modifying factors. The

influence of both the source and modifiers may be bidirectional,

in that the psychological state of the parturient does appear to

influence pain thresholds; likewise, severe pain appears to

decrease maternal confidence.
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– During the third trimester, the use of NSAIDs is
associated with constriction of the fetal ductus
arteriosis and a reduction in renal blood flow.

– Use of NSAIDs in the third trimester requires
frequent ultrasound evaluations of the ductal flow
and of the amniotic fluid volume.

� Opioids:
– The use of opioids is believed to pose no

additional risk to the mother or fetus during
pregnancy.

� Steroids:
– Steroids should be avoided in the first trimester

due to teratogenic effects (orofacial).
– The risk/benefit ratio in the second and third

trimesters is undefined, but used extensively for
medical diseases.

� Local anesthetics:
– There are no contraindications to the use of local

anesthetics during pregnancy.
– Progesterone-induced maternal sensitivity to local

anesthetics requires a reduced dose compared with
nonpregnant adults.

Pain syndromes

LUMBOSACRAL BACK PAIN

Lumbar back pain is common during pregnancy, with an
estimated incidence of greater than 50 percent during
pregnancy.13, 14 Approximately 20 percent of pregnant
women will report severe pain, and one-third of these will
be disabled.15 The disability from back pain may continue
after childbirth. The etiology of back pain in many
women relates to the increased lordosis and tension
placed on the lumbar spine during gestation. Further-
more, the forward tilt of the pelvis, which is necessary for
ideal placement of the pelvis canal for passage of the fetus,
causes significant lordosis. Sacroiliac joint dysfunction is
also a common cause of pain. The risk factors for back
pain during pregnancy include:

� younger or older age;
� previous history of backache;
� obesity;
� lack of physical exercise.

In the postpartum period, approximately 45 percent of
women report significant back pain, with 10 percent of
women continuing to report pain after one year.16 A
similar set of risk factors has been identified; however,
new-onset post partum back pain was found to be asso-
ciated with greater weight and shorter stature.

The treatment of back pain during pregnancy follows
the general principles that are outlined in Chapter 25,
Acute low back pain. Physiotherapy and water gymnastics
have been reported to reduce pain.17

PELVIC GIRDLE PAIN

Pelvic girdle pain is common during pregnancy, with an
incidence of 30 percent. Similar to back pain, the inci-
dence of severe pain is close to 10 percent, with a large
proportion of these patients having prolonged and severe
disability.15 Typical presentations include pain in the hip,
iliosacral region, coccyx, and pubic symphasis. The
etiology of pain relates to the increased laxity of the pelvis
during pregnancy, rotation of the pelvis, and redistribu-
tion of abdominal weight.

The treatment of pelvic girdle pain is with analgesics,
bed rest, and physical therapy. Manipulation is effective in
a minority of cases. Early delivery is indicated in cases of
severe disability. Pain may continue for up to six months
in some patients, but delivery is curative in most.18

Walking support with a cane or other orthotic device is
helpful. In general, these patients require epidural
analgesia to tolerate labor.

NERVE PAIN

Pregnancy is associated with several forms of nerve-
related pain. By far, the most common is carpal tunnel
syndrome (CTS), which has an estimated incidence of
2–5 percent.19 However, investigators have reported a 17
percent incidence of electromyographic evidence of
CTS.20 During pregnancy, the circulating blood volume
expands by about 20 percent. In addition, the perme-
ability of the capillary membrane may be increased
under the hormonal influence. Thus, pregnancy leads to
the development of edema. This is likely to be the etio-
logy of CTS, although a preexisting susceptibility is
probably required. Evidence for this is that most women
with CTS who are treated conservatively will continue to
experience symptoms one year after delivery.21 Con-
servative treatment with splinting and elevation is effec-
tive in many cases. Surgery is required in a minority of
cases of CTS; however, it should be avoided, as the stress
of surgery is associated with an increased risk to the
pregnancy.

Other forms of pain due to nerve compression
include sciatica, meralgia paresthetica, and femoral
nerve pain. Sciatica is most likely caused by the altered
architecture of the pelvis, induced by the hormonal
changes of pregnancy. Compression of the nerve may be
at the bony canal, or at the location of the pyriformis
muscle. Compression of the femoral nerve commonly
occurs at the waist and is accentuated by the expanding
abdomen. Pain occurring in the lateral thigh (meralgia
paresthetica) or in the anterior thigh is common. A
second site of compression can occur in the interior of
the pelvis where the lumbar plexus is exposed to the
growing uterus. These patients often have hip and thigh
pain during pregnancy, significant pain during labor, and
occasionally femoral neuropraxia in the postpartum
period.
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LABOR PAIN

Magnitude

Labor has been described as the most severe pain
experienced by many women.22 Only a minority of par-
turients describes pain of low intensity; for most, labor is
severely or intolerably painful (Figure 26.2). Melzack
et al.23 found that 60 percent of primiparas described
either severe or extremely severe pain during parturition;
an additional 30 percent described moderate pain. Even
among multiparas, 75 percent of subjects had at least
moderate pain; the majority describing it as severe or
extremely severe. Similarly, Ranta et al.,24 studying Fin-
nish parturients, found that 89 percent of primiparous
and 84 percent of multiparous women described their
pain as either severe or intolerable. Furthermore, none of
the primiparous women had painless labor and only 4
percent of the multiparous women had reported low pain
scores. In a study evaluating the effect of psychological
factors on pain, Nettelbladt et al.25 found that 35 percent
of parturients described childbirth pain as intolerable, 37
percent severe, and only 28 percent moderate.

In a survey of 1000 mothers, the most common reason
for dissatisfaction with the birth experience was inade-
quate pain relief.26 In fact, severe pain can darken the
experience of childbirth; for example, some women
experience posttraumatic stress disorder.27, 28 Increased
risk of psychological trauma may be found with poor pain
relief during prolonged, difficult labors, forceps deliveries,
and where infant mortality or injury had occurred.

CLINICAL PRESENTATION

Course of normal labor

To a great extent, the pain of parturition parallels the
process of labor (Table 26.1). The stimulus for pain
occurs primarily during the first and second stage of
labor. During the first stage, uterine contractions lead to
cervical effacement and dilation, producing pain that is
visceral in nature. This stage can be subdivided into
phases. The latent phase consists of cervical effacement
and slow cervical dilation until approximately 3–4 cm of
cervical dilation. The active phase consists of a rapid
increase in cervical dilation rate until full (10 cm) cervical
dilation is reached. During the active phase, the rate of
cervical dilation accelerates to a maximum (1 cm/hour in
the nulliparas and 1.5 cm/hour in the multiparas par-
turient), and then decelerates as the cervix reaches full
(10 cm) dilation. The end of the first stage is termed the
transition stage, during which the fetus begins to descend
into the pelvic inlet in preparation for the second stage of
labor. This can often be identified by the beginning of
somatic pain.29 The second stage of labor begins with full
cervical dilation. Uterine contractions now force the fetus
through the bony pelvis, causing significant pressure and
stretching and tearing of the cervix, vagina, and peri-
neum. The second stage of labor ends with the birth of
the fetus, and with this event, the vast majority of painful
stimuli have been removed.

Parturients may continue to feel some pain or dis-
comfort during the passage of the placenta, or contraction
of the uterus to its postpartum size; however, this is
usually less intense than childbirth. The pain from uterine
cramping may persist for days and be uncomfortable.

Table 26.1 Stages of labor and pain.

Stage of labor First stage Second stage

Latent phase Active phase Transitional phase

Nulliparous o20 hours o12 hours 2–3 hours o3 hoursa

Multiparous o14 hours o6 hours Up to 1 hour o2 hoursa

Primary pain type Visceral Visceral Visceral/somatic Somatic

Pain severity Mild Moderate to severe Severe to intolerable Severe to intolerable

aWith epidural analgesia. Two and one hour, respectively, without.

None Mild Moderate Severe to 
intolerable

Description of pain
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Figure 26.2 Severity of labor pain. The description of the peak

labor pain from parturients. These data are retrospective in

nature.
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Some evidence suggests that multiparous women have
more pain with postpartum uterine cramping.

Visceral pain

Uterine contractions increase the pressure of the amniotic
fluid resulting in distention of the lower uterine segment
and the cervix.30 This pain is visceral in nature, diffuse,
and poorly characterized, and felt in the abdomen
between the pubis and umbilicus, or in the back.2

Measurements of the pressure in the amniotic fluid gen-
erated by the uterine contraction suggest that at least
15–25mmHg is required for the initiation of pain.31 The
receptors for noxious stimulation are located in the lower
uterine segment and cervix, and respond mainly to
pressure and stretch. Distention of the cervix in non-
pregnant women can elicit discomfort that is similar in
nature to uterine contractions during labor.32 Corli
et al.33 found that the pressure of uterine contraction
correlated directly with the amount of pain reported by
parturients. The peak intensity of uterine contraction,
duration of the contraction, and area under the curve
were all found to be predictors of the degree of pain.

Somatic pain

Pain during the second stage of labor is caused by the
passage of the fetus through the bony pelvis and birth
canal. The presenting part (usually the head) distends the
perineum causing stretching and tearing of the skin,
subcutaneous tissues, and fascia. This leads to somatic
pain in the vaginal and rectal areas, which can be referred
to the thighs. Pain during the second stage is often
reported to be of the highest intensity; however, some

evidence suggests that pain scores may actually decrease
in some women.23 Active participation in fetal expulsion
may improve the perception of pain in some women,
compared with the passive tolerance of stimulation dur-
ing the first stage (Figure 26.3).

Variability of experience

The most consistent observation of the pain of labor is the
variability of description among women and throughout
the course of labor. While some women report mild pain
during latent phase or even early active phase, others
describe horrible excruciating pain. Similarly, the nature
of pain (visceral or somatic) can change during labor and
is different among parturients. The latent phase can vary
in duration and sensations; some parturients are aware of
mild, rhythmic contractions for a brief time, while others
may suffer significant distress over a protracted period. A
prolonged latent phase is a common occurrence and may
persist for days prior to active labor. These women are
often exhausted and intolerant of any further stimulation.
Severe pain felt during the latent phase is associated with
abnormal labor outcomes, including cesarean section,
instrumental delivery, and poor cervical dilation.7

Most women feel intermittent pain caused by con-
tractions, while some also describe continuous pain.
Uterine contraction pain is felt in the abdomen, but most
women (75 percent) also feel pain in the back. Melzack
et al. reported that 10–30 percent of parturients feel an
intense, continuous pain localized to the back.22, 34 This
pain was severe in nature, often the most severe compo-
nent during the first stage, and was said to ‘‘ride upon’’
the contraction pain. Furthermore, the occurrence of this
back pain in parturients was not found to be associated
with back pain before or during pregnancy. However, it

(a) (b) (c)

Figure 26.3 Physical location of labor pain. The image represents the idealized dermatomal locations from which labor pain is felt.

Parts (a) and (b) represent the first stage of labor. Pain is centered on the lower abdomen and is visceral in nature. Parturients also may

report anterior thigh pain and back pain. Part (c) represents the second stage of labor. Pain is somatic in nature and centered around

the perineum. Women may also report continued pain from the abdomen and back.
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was associated with the degree of pain felt during men-
struation, specifically menstrual pain felt in the back.34

Notably, this continuous back pain is not likely to be
caused by the intermittent contraction of the uterus.
Theories of its origins include: (1) traction and pressure
on the adnexa and parietal peritoneum; (2) pressure and
stretch of the bladder, urethra, and rectum; (3) pressure
on the roots of the lumbosacral plexus; and (4) reflex
muscle spasm.22 The association between continuous
back pain and menstrual pain has led some authors to
propose prostaglandins as an etiology.2, 5

Some parturients also report a continuous abdominal
pain; the incidence (4–13 percent) was lower than that of
the continuous back pain.35, 36 However, Molina et al.37

found that approximately half of their parturients
described a continuous abdominal pain. In that investi-
gation, both types of continuous pain (abdominal and
lumbar) were of a lesser intensity throughout the first
stage than that of the intermittent contraction pain.

PAIN PATHWAYS

Nociceptors sensing pressure and stretch are located in
the lateral wall and fornices of the uterus,2 and are
transmitted by Ad- and C-fibers that travel with the
sympathetic efferent nerves (Figure 26.4). These fibers
then pass through the paracervical region. Local anes-
thetic blockade at this location can ablate the pain of
uterine contractions during early labor.

The nerves then pass through, in sequence, the uterine
plexus, pelvic plexus (also termed the inferior hypogas-
tric plexus), middle hypogastric, superior hypogastric,
and finally to the lower thoracic and lumbar sympathetic
chain. Here, the white rami communicantes enter the
spinal cord with the T10, T11, T12, and L1 spinal nerves.
Passing through the posterior roots of the spinal nerves,
they synapse in the dorsal horns of the spinal cord.38 The
mild to moderate pain of early labor is transmitted to the
T11 and T12 spinal cord,39 whereas the severe pain of
late first stage is transmitted to the T10 to L1 spinal
cord.38 It is unclear if this expansion of the nociceptive
field is due to the increased pressure generated by
the uterus, peripheral sensitization, or central sensitiza-
tion. However, the pain of uterine contractions may
extend above the umbilicus and to the anterior thighs,23

which are spinal segments that are not known to
share nerves with the uterus and cervix, and therefore
must be the result of either peripheral or central
sensitization.40

The descent of the fetal head causes pressure, stretch-
ing, and tearing of the cervix and perineum. These
noxious stimuli are transmitted by somatic afferents
of the pudendal nerve, and synapse within the dorsal horn
of the S2, S3, and S4 spinal cord.38 Pressure on other
pelvic structures, such as the lumbosacral plexus, bladder,
urethra, rectum, and iliopsoas muscles, are transmitted

via the lower lumbar and upper sacral nerves, with
pain referred to the lumbar region, thighs, and
perineum.38

PHYSIOLOGICAL RESPONSE TO PAIN

Childbirth results in physiological changes to both the
parturient and fetus. The nature of the stress response is
similar to other forms of acute pain; for example, cardiac
output and minute ventilation increases, and catechola-
mines and cortisol are released from the adrenals. Pain
stimulates the drive for ventilation. During the first stage
of labor, minute ventilation can increase by 75–150 per-
cent of normal. This is further enhanced during the sec-
ond stage of labor, when maternal expulsion efforts can
result in a peak increase of up to 300 percent of normal
ventilation. Because arterial carbon dioxide tension is
inversely proportional to ventilation, this results in
maternal hypocarbia.41 With the loss of stimulation at
the end of a contraction, the absence of respiratory
drive due to hypocarbia can lead to maternal and fetal
hypoxemia.42

Oxygen consumption increases by 40 percent during
the first stage of labor, primarily due to the high demands
of the uterus. During the second stage, maternal expulsive
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Figure 26.4 Innervation of uterus and perineum.

Demonstrating the separate neuronal pathways of visceral and

somatic pain during parturition (see text for precise description

of pathway). Visceral pain receptors located in the lower uterine

segment and cervix extend to the spinal segments of T10 to L1.

These nerves can often be blocked in the paracervical region.

Somatic pain is received from the perineum, and pelvic

structures and is carried to the spinal segments of S2 to S4.

These can be blocked at the pudendal nerve.
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efforts may increase oxygen consumption by 75 percent of
normal.43 A significant maternal acidosis due to the build
up of serum lactate has been demonstrated that increases
throughout the course of labor and onset of the second
stage.44, 45 This is accompanied by an acidosis in the
fetus.46, 47 Effective epidural analgesia can ameliorate
most of the harmful physiological effects of labor,
including a reduction of minute ventilation,43 oxygen
consumption,43 maternal acidosis,44, 45 and fetal acidosis
during the first stage of labor.46 During the second stage,
fetal acidemia was not affected by analgesia, probably
pointing to the severe stress in the fetus during passage
through the birth canal.47 On the other hand, pethidine
(meperidine) and nitrous oxide, which are less effective in
treating maternal pain (even in combination), do not
effectively treat these physiologic alterations.48

In normal early labor, catecholamines are not sig-
nificantly increased from normal values. However, with
the onset of pain, the levels of both epinephrine and
norepinephrine can increase several fold.49, 50 The
increase in catecholamines can lead to a decrease in
uterine blood flow with potentially harmful effects.51

Pethidine does not significantly decrease the levels of
circulating catecholamines during periods of severe pain.
Epidural analgesia, on the other hand, has been demon-
strated to reduce levels of epinephrine by 56 percent and
of norepinephrine by 19 percent.51

Pain during parturition results in the release of ACTH,
b-endorphins, and cortisol, with levels increasing
throughout labor.52, 53, 54 The levels of these stress
response hormones appear to parallel the degree of pain
reported by parturients. Effective epidural analgesia
decreases levels of b-endorphins to prelabor concentra-
tions.54 Parenteral pethidine has a small effect on plasma
b-endorphins levels, most likely mediated through
maternal sedation.55 Maternal anxiety, such as that found
before elective cesarean delivery, can also be a cause of
increased plasma b-endorphins.56 Although plasma
b-endorphins are increased, the levels of this hormone in
the cerebral spinal fluid remain similar to prelabor
values.57 Plasma b-endorphins at the levels found during
labor have no more than a mild analgesic quality, and
may provide minimal modulation of pain. The correla-
tion between reported pain and b-endorphin levels sug-
gests that these hormones are a response to, and not a
modifier of, maternal pain and anxiety.

FACTORS INFLUENCING LABOR PAIN

Psychological and social factors

The interaction between social and psychological factors
and pain during childbirth is complex. The most heavily
investigated psychological factors are fear and anxiety.
Conceptually, women who are anxious and fearful of their

labor will be more likely to interpret their sensory
experience as pain or will lack the ability to cope with
pain when it arises. Characteristics that are associated
with a greater anxiety and fear are reported to be nulli-
parity, younger age, single parenthood, and lack of a
social support structure. A parturient may have con-
siderable pain, but be able to cope with or tolerate that
pain with continuous emotional assistance from a spouse
or coach.58 The ability to cope with labor pain may be
enhanced with spousal support and assistance by a mid-
wife or others, while being hindered by inexperience,
anxiety, and depression. Anxiety can be treated with
childbirth preparatory techniques, often utilizing the
psychoprophylactic techniques popularized by Lamaze.59

The most consistent findings have been that maternal
depression and anxiety are associated with reports of
increased pain;60, 61 however, the relationship is very
complex. As stated by Reading and Cox:60

The relationship between anxiety and pain is bi-
directional, in that in addition to anxiety increasing
pain sensitivity, high levels of pain may increase
anxiety.

Maternal factors

Studies using the McGill Pain Questionnaire have iden-
tified several maternal variables that are associated with
increased pain during childbirth, including lesser mater-
nal age, greater maternal weight, nulliparity, greater fetal
weight, and a history of painful menstruation.5, 22, 34

There is considerable agreement in the literature that
nulliparas report greater pain than multiparas;62, 63 how-
ever, the timing of the evaluation appears to be impor-
tant. Nulliparas report greater pain early in labor, but
during the active phase multiparas describe pain of equal
severity.64, 65 Even grand multiparas (more than five
previous deliveries) experience significant pain once the
active phase has commenced, and may feel as much, if not
more, pain during delivery.64 Investigations using scalar
measurements, including the visual analog scale (VAS),
have not confirmed correlation with younger age,25, 66

maternal weight,67 or fetal weight,67 though this may be
due to the lack of discriminative ability of scalar mea-
surements when examining high intensity pain.

Some parturients prefer to walk during early labor and
this has raised the question of whether the pain is
decreased with vertical positioning. In fact, Roberts
et al.68 found that women in early labor (o6 cm) are
more comfortable sitting, whereas in late labor they are
more comfortable lying. However, the evaluation was of
comfort instead of pain, thus the vertical position might
improve coping, not lessen pain. Melzack et al.36 found
that during early labor, women in the vertical position
reported a 35 percent decrease in abdominal pain and a
50 percent decrease in lumbar pain. This investigation
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evaluated parturients very early in labor (2–3-cm dila-
tion). Evaluating parturients throughout labor, Molina et
al.37 found that there was little difference between the
horizontal and vertical position in early labor, but that
most parturients reported less pain with the horizontal
position during active labor and beyond. Finally, a study
evaluating the effectiveness of walking on the course of
labor found no difference in the use of analgesia between
those parturients who walked and those who did not,
although the average amount of time spent walking was
small.69

Obstetric factors

FETUS

The position of the fetus within the pelvis has received
minimal evaluation as a cause of pain. It is believed that
the occiput–posterior (OP) position may cause more pain
during the first stage of labor;7, 32 however, the effect of
other positions is unclear. Some authors have disputed
the relationship between fetal position and the degree of
pain, but it is difficult to interpret these results as the vast
majority of subjects in that study received epidural
analgesia.70 Certainly, during the second stage, the OP
fetus is unable to flex its neck to decrease the diameter of
the presenting part; this will result in greater stretching
and tearing of the cervix, vagina, and perineum.

LABOR

The duration of labor has inconsistently been associated
with the degree of pain. Some authors have not found a
correlation in women with normal labor. Others have
found that women with prolonged labor describe severe
pain early in the latent phase, and that the degree of pain
is correlated with the length of labor.4, 7 These results
suggest that early, severe pain is a characteristic of pro-
longed labor, but that within normal labor the relation-
ship may be less significant.

Dysfunctional labor is difficult to define, and may
have several etiologies including dystocia, poor uterine
contractility, or abnormal fetal position. However, the
measurable outcomes of dysfunctional labor can be
identified as slow cervical dilation, instrumental delivery,
and cesarean section. When we focus on these clearly
defined outcomes, we find an overwhelming relationship
between the severity of pain and dysfunctional labor. In
other words, women with dysfunctional labor experience
more severe pain than those with a normal course of
labor. These women often describe somatic pain in early
labor, may be more likely to have continuous pain, and
request analgesia early in their labor. It may be that
abnormal labor, identified by a slow cervical dilation and
the need for an operative delivery, causes an abnormal
degree of pain out of proportion to the strength of their

uterine contractions. The mechanism of this abnormal
pain is not known, but may relate to the size of the fetus
in relation to the bony pelvis, uncoordinated uterine
activity, or pressure on the pelvic structures. The risk
factors for dysfunctional labor correlate with the use of
labor epidural analgesia (Figure 26.5). The relationship
between pain and dysfunctional labor precedes the advent
of effective labor analgesia. In 1939, Moir32 observed that
parturients with dysfunctional labor appear to have worse
pain than those with normal labor, despite the lesser
strength of uterine contractions.

TREATMENT OF LABOR PAIN

Treatment options for the pain of childbirth may be
classified as follows:

� nonpharmacologic;
� pharmacologic:

– systemic:
� intermittent intramuscular/intravenous;
� continuous infusion.

– inhalation;
– regional;
– neuraxial:

� spinal;
� epidural;
� combined spinal-epidural (CSE).

The choice of analgesic treatment should be left to the
patient, with access to adequate information concerning
the local availability, risks and benefits, and alternatives.
The care providers should respect the wishes of the
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Figure 26.5 Risk for dystocia and epidural use. Demonstrating

the association between risk factors for dystocia and the use of

epidural analgesia for labor. Parturients are categorized by the

number and severity of risk factors for dystocia. The percentage

of parturients receiving epidural analgesia is per quintile. There

is a linear relationship between the risk for dystocia and

epidural use, possibly related to an increase in the severity of

pain among parturients with true dystocia.

Chapter 26 Pain in pregnancy, childbirth, and the puerperium ] 467



patient and yet be flexible enough to recognize that labor,
and its accompanying pain, is a dynamic process and that
the patient may change her mind as labor progresses. To
quote from the closing comments of the editorial of Dr
Melzack:3

Prepared childbirth training and skillfully adminis-
tered epidural analgesia are compatible, compli-
mentary procedures that allow recognition of the
individuality of each woman.

Nonpharmacological methods

Nonpharmacologic methods of pain control have been
practiced for all of human history. The inherent advan-
tages to these methods are that they are noninvasive, there
is no pharmacologic effect on the mother or fetus, and
some modalities have low or no cost. Fortunately, these
methods allow many parturients to tolerate the pain of
labor and delivery. These techniques presumably work by
increasing the activity of descending inhibitory path-
ways.71 The evidence supporting the use of non-
pharmacological pain relief tends to compare parturient
with a degree of self-selection.72 While the efficacy of
these modalities as labor analgesics may not be nearly as
good as that of neuraxial methods, parturients who
undergo one of these interventions often report a very
satisfying labor experience.

PSYCHOPROPHYLAXIS

The psychoprophylactic method of Lamaze59 gained con-
siderable interest in the 1970s. This system is based on the
belief that most, if not all, of the pain of childbirth is
caused by maternal fears. The theories were originally
developed by Dick-Read11 who believed that maternal fear
of the labor experience would lead to tensing of the body,
labor obstruction, and a sensation that incorrectly was
interpreted as pain. Evaluation using the McGill Pain
Questionnaire concluded that nulliparous parturients who
used techniques learned in childbirth preparation classes
had an approximately 10 percent reduction in their pain
during labor.22 There was no reduction among multiparas.
A review of the therapeutic effects of childbirth pre-
paratory techniques published in 1978 criticized the lit-
erature of that time as having significant methodological
shortcomings.73 Since then, investigations into most psy-
chosocial factors have demonstrated positive,22 negative,62

or no effect on the severity of labor pain.60, 63, 73

CONTINUOUS LABOR SUPPORT

Continuous labor support describes the presence of a
trained practitioner who remains in the constant presence
of, and usually continual contact with, the parturient. The

Central American practitioner of this technique is the
doula. Traditionally, a doula is a woman who has deliv-
ered children of her own and is able to provide support
through her experience. The evidence suggesting that this
reduced the need for pharmacologic pain control is
mixed. Meta-analysis of the multiple trials is challenging
due to the heterogeneity of the techniques and medical
centers. The use of continuous support (in constant
contact, rather than a person coming in and out of the
room) is superior to intermittent support.74 [IV] Con-
tinuous labor support decreases the need for parenteral
analgesia when compared with standard care; however,
the influence of several confounding variables needs to be
evaluated.75

ACUPUNCTURE

Acupuncture has been used for hundreds, if not thou-
sands, of years. Recent studies have suggested that there
may be some improvement in pain perception with some
acupuncture techniques. Ramnero et al.76 [III] showed a
significant decrease in the use of epidural analgesia in
patients receiving acupuncture versus a control group.
Interestingly, although subjects in both groups did not
report high pain scores, the circulating beta-endorphin
levels of the women who received acupuncture were sig-
nificantly higher. However, it should be noted that there
were only 18 subjects per group in this study. A second
study by Skilnand et al.77 randomly assigned 208 women
to either real or sham (needle insertion into incorrect
point) acupuncture. They found significantly lower pain
scores after real acupuncture compared with the sham
group. Furthermore, the women who received real acu-
puncture had significantly less use of epidural analgesia
and intramuscular pethidine. Unfortunately, the analgesia
produced with acupuncture has also been described as
inconsistent, unpredictable, and incomplete. Importantly,
there is dissatisfaction among some with the significant
limitations placed on the patient’s movement.

MENTAL TRAINING

In evaluation of biofeedback, a study by Duchene78

showed women using biofeedback during childbirth
reported significantly lower pain than control women at
admission, delivery, and 24 hours postpartum. Seventy
percent of the women in the control group requested
and used epidural anesthesia compared with 40 percent of
the women of the biofeedback group. Although several
trials have been published in the literature, the hetero-
geneity of methods and evaluations does not support a
generalized improvement in pain scores or reduction in
requirements for pharmacologic pain control (i.v./i.m.
opioids or epidural analgesia).79 It should be noted that,
in these trials, patients were prescreened for hypnotic
susceptibility.
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INTRADERMAL SALINE INJECTIONS

Intradermal saline injections have been described for
persistent back pain during labor.80 These are simple to
administer, inexpensive, and with no known associated
risk. While there is no decrease in the use of other pain
medications, they appear to provide relief of back pain for
45–90 minutes during the first stage of labor.81

ADDITIONAL TECHNIQUES

Several trials have examined the use of water baths, with
evidence showing either some improvement in pain, or
none at all; only one of the trials demonstrated a decrease
in the usage of epidural analgesia.75 Similarly, the scien-
tific evidence for ambulation or positioning, touch, and
massage, while improving maternal mood and decreasing
anxiety, do not appear to reduce maternal pain
perception.

Pharmacological methods

In the developed world, most women in labor request
some form of pharmacologic analgesia. All methods of
pain relief have limitations. In addition, no technique can
provide continuous comfort at all times. Failure rates for
epidural analgesia range from 3–10 percent.22, 82 Fur-
thermore, as the pain of labor becomes more intense,
women frequently have pain that breaks through other-
wise effective epidural analgesia. The incidence of break-
through pain is between 34 and 71 percent.83, 84, 85, 86

Breakthrough pain during labor analgesia may be an
indication of the underlying severity of the pain of
childbirth. Recent evidence showing that the amount of
medication required for initiating or maintaining labor
analgesia confirms the link between dysfunctional labor
and severity of labor pain. The amount of bupivacaine
required to initiate epidural analgesia is significantly
higher among women who proceed to a cesarean delivery
than those who delivery vaginally.87 Others have shown
that the amount of medication required to maintain
adequate analgesia, whether epidural or intravenous, is
greater in women who have dysfunctional labor.88, 89

SYSTEMIC ANALGESICS

Parenteral opioids are useful for mild to moderate pain,
especially during early labor, but are less effective for the
treatment of high intensity pain.90 Worldwide, pethidine
is the most commonly used parenteral opioid, but there
does not appear to be any evidence that any other opioid
is more or less effective.91 The partial agonist and ago-
nist–antagonist opioids are popular due to the belief that
side effects, especially respiratory depression, are limited.
The dose of parenteral opioids is limited by the side

effects in the mother and fetus, including maternal
sedation, respiratory depression, and nausea/vomiting.
Care must be taken as parturients are sensitive to the
depressant effects of medications because of elevated
levels of circulating progesterone. Undesirable neonatal
effects include respiratory depression at birth, abnormal
sleep patterns, and poor adaptation to suckling.72 A
unique consideration to pethidine is the potential accu-
mulation in the compromised fetus. This can lead to loss
of beat-to-beat variability of the heart rate tracing, which
may interfere with interpretation of labor, and may also
cause neonatal sedation and depression up to 18 hours
after administration, long after the maternal effects have
completely worn off.

Lipid-soluble opioids, such as fentanyl, may be more
effective at controlling pain due to their rapid onset. An
advantage of the lipid-soluble opioids is that they tend to
affect the neonate less than the longer-duration opioids.
Remifentanil, with its unique pharmacokinetic properties,
has also been studied as an intravenous agent for labor
analgesia. Results have been variable with some reporting
satisfactory results,92 with others being unable to provide
adequate analgesia without significant side effects.93

Lacassie and Olufolabi94 found that intravenous remi-
fentanil boluses were superior to a continuous pethidine
infusion with lower pain scores and improved patient
satisfaction. However, they noted that a continuous
infusion caused excessive sedation, and intermittent
boluses given at the beginning of each contraction did not
work fast enough to provide adequate analgesia.

INHALATIONAL

Inhalational agents used for general anesthesia have also
been used for providing analgesia and sedation during
labor. Subanesthetic concentrations of these gases allow
maintenance of the airway and swallowing reflexes, while
providing some level of analgesia. Nitrous oxide is the gas
most commonly used, either alone, or in conjunction
with other volatile anesthetics, e.g. isoflurane in low
concentrations. The risk of inhalational analgesia is
aspiration, which is increased in pregnancy due to delayed
gastric emptying.

Most commonly used, entonox is a mixture of 50
percent nitrous oxide and 50 percent oxygen in a fixed
delivery system. Nitrous oxide can be beneficial for many
patients if used correctly and has minimal side effects if
limited to 50 percent. The preferred method is inter-
mittent inhalation timed with contractions, as continuous
use is associated with greater frequency of side effects.95

Prolonged use is associated with maternal sedation and
nausea and vomiting. The analgesic efficacy of this
method is questionable. In a placebo-controlled, rando-
mized study, entonox was shown to be a poor labor
analgesic with an efficacy equal to that of compressed
air.96 However, many patients receive benefit from ento-
nox as a method of reducing pain perception, or as a
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temporizing measure prior to epidural analgesia.95 Simi-
lar lack of effective analgesia has been noted with various
halogenated anesthetic agents, unless concentrations high
enough to cause sedation are used.97, 98

NONNEURAXIAL REGIONAL ANESTHESIA

Paracervical block has been used in the past for analgesia
in the first stage of labor. The success of this block is
approximately 75 percent.99 Pain relief lasts for up to 60
minutes after the injection. However, once the local
anesthetic wears off, pain returns without abatement. The
high incidence of fetal bradycardias (up to 40 percent)
and a report of a series of fetal deaths has led to the
virtual abandonment of this otherwise technically easy
modality.99, 100, 101, 102

Bilateral pudendal nerve blocks (S2–S4 roots) provide
analgesia for placement of forceps or for the second stage
of labor. However, this block is associated with a high
failure rate103 and the dose of local anesthetic needed for a
bilateral block may approach produce toxic maternal
plasma concentrations.

NEURAXIAL BLOCKADE

Neuraxial analgesia is without doubt the most effective
available form of labor pain control. The contra-
indications to neuraxial analgesia in labor are similar to
those for the nonparturient population. They can be
divided into absolute and relative contraindications
(Table 26.2).

Pregnancy is associated with many illnesses that may
contraindicate neuraxial analgesia. The most common of
these is coagulopathy, which may result from:

� thrombocytopenia of pregnancy;
� preeclampsia;
� HELLP syndrome (hypertension, elevated livery

enzymes, low platelets);
� medical anticoagulation – due to the high incidence

of deep vein thrombosis in pregnancy.

Spinal analgesia is commonly used when the availability
of personnel and equipment is limited. The clear advan-
tage of spinal analgesia is its rapidity of onset and the
depth of analgesia. The main disadvantage is that it can
only be performed as a single injection; thus, the analgesia
may subside. For this reason, spinal analgesia is usually
withheld until late in labor (e.g. greater than 7 cm dila-
tion). Repeat injections are possible, but the side effects
and complications will increase.

The most frequently described technique is to inject a
combination of fentanyl 25 mg and morphine 250 mg. This
has been shown to produce analgesia within 15 minutes,
with a duration of two to four hours.104 [II] This dose has
been used extensively throughout the world and is the

most common form of pain control in many countries.
Side effects include nausea and pruritus, each with an
incidence of 20–40 percent. Analgesia is more effective
during early labor and least effective during the second
stage.

Lumbar epidural analgesia is the most effective
modality of pain control for labor. With the intention of
improving efficacy and safety, the techniques of labor
epidural analgesia have undergone considerable mod-
ifications. It should be emphasized that, given the wide
variation in the concentration and type of local anes-
thetics and narcotic used (with or without additional
agents such as a2 agonists), the term ‘‘epidural’’ should
not be used generically. Instead, a clear description of the
dose of the various medications and the rate at which they
are administered is necessary for making meaningful
comparisons of different regimes.

Traditional epidural analgesia uses high concentrations
of local anesthetics via intermittent bolus injection to
provide complete analgesia at the expense of significant
side effects, principally motor blockade, hypotension, and
sensory deprivation. This method of analgesia was based
on the concept that dense blockade of nerves was neces-
sary for adequate pain control; however, despite successful
pain relief, parturients tend to be dissatisfied with the
feeling of sensory loss.105 Furthermore, the intensity of
the sympathectomy and resultant hypotension resulted
in high rates of fetal bradycardia and maternal
complications.

The addition of lipid-soluble opioids allows a reduc-
tion of local anesthetic concentration, reducing the side
effects of hypotension and dense blockade, but can result
in some pruritus, and nausea and vomiting.86 The
development of solutions containing very low con-
centrations of bupivacaine (Table 26.3) makes differential
blockade a reality. Using 0.04 percent bupivacaine with
fentanyl 2 mg/mL and epinephrine 2 mg/mL, Breen et al.106

were able to ambulate parturients after hours of successful
epidural analgesia. In addition, the side effects are all but
negated (Table 26.4).

Table 26.2 Contraindications to neuraxial analgesia.

Absolute Relative

Patient refusal Remote infection

Inability to obtain informed consent Thrombocytopenia

Uncorrected hypovolemia Obstructive cardiac

defect

Coagulopathy Unstable neurologic

injury

Infection at the site of insertion Spine surgery

Lack of monitoring equipment

Lack of resuscitative equipment and

medications
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The minimum local analgesic concentration (MLAC)
has been defined as the analgesic concentration in a 20-
mL volume required for complete pain relief in the first
stage of labor. Determination of MLAC has been used to
evaluate the potency of various local anesthetics.107 Fur-
thermore, it provides a basis for comparison of side effects
and toxicities of various medications. The MLAC of
bupivacaine is reduced in a dose-dependent manner with
the addition of fentanyl (Figure 26.6). Investigations
determining the MLAC for bupivacaine have found a
wide variety of results, ranging from 0.065 percent107 to
0.104 percent.108 This variability has been identified for
most local anesthetic agents and may be due to the
variability in labor pain. For example, the MLAC values

obtained in early versus late labor are 0.048 versus 0.141
percent, respectively.109 Similarly, variations in MLAC can
occur due to underlying dysfunctional labor or maternal
factors.87 Other measures of local anesthetic requirements
correlate with the MLAC determination. For example,
using the dosing requirements for bupivacaine and levo-
bupivacaine via patient-controlled epidural analgesia
(PCEA), Hofmann-Kiefer et al.110 found that bupivacaine
PCEA delivery without continuous infusion was 40–50
percent more potent than ropivacaine.

The small therapeutic window for bupivacaine
encouraged the development of other local anesthetics,
mainly ropivacaine and levobupivacaine, which have less
central nervous system (CNS) and cardiac toxicity in
animals and humans.111 However, some investigators
have suggested that this lesser toxicity parallels a lesser
potency (Figure 26.7).112 Clinically, both medications

Table 26.3 Medications used for labor epidural analgesia.

Medication Infusion rate

Local anesthetic

Bupivacaine 0.04%a 15mL/hour

Bupivacaine 0.0625% 12mL/hour

Bupivacaine 0.08% 10mL/hour

Bupivacaine 0.125%

(ropivacaine equivalent

range of 0.07% to 1.5%)

8mL/hour

Opioids

Fentanyl 1–4mg/mL
(equivalent to sufentanil

0.5–1 mg/mL)

Concentration adjusted to

delivery 20–25mg per hour

Epidural analgesia is most effectively performed with a combination of
local anesthetic and lipid soluble opioid. The dosage and rate of medica-
tions used for labor analgesia are described above. Although individual
requirements vary, the typical patient requires approximately 6–10mg of
bupivacaine per hour when combined with 20–25mg of fentanyl per hour.
aThe ultralow dose, or walking epidural, described by Breen et al.106

consists of bupivacaine 0.04%, fentanyl 2mg/cc, and epinephrine 2mg/cc.

Table 26.4 Side effects of neuraxial analgesia.

Incidence Treatment

Pruritus 10–20% (labor analgesia) Small doses of naloxone, nalbuphine

70–80% (spinal opioid) Remove opioid from epidural infusion

Nausea and vomiting 2–5% (labor analgesia) Antiemesis medications (consider effects if mother will breastfeed)

15–40% (spinal opioid)

Hypotension 5–10% (labor analgesia) Uterine displacement

Fluid administration

Small doses of vasopressors may be used to temporize

Dural puncture headache 1–2% Supportive if mild

Epidural blood patch

Back pain o1% 30–40% of women have back pain after childbirth without analgesia

Supportive

Extensive sensory blockade 10–30% Reduce concentration of local anesthetic

Motor blockade 5–30% Reduce concentration of local anesthetic

Fentanyl
4 μg/ml

Fentanyl
3 μg/ml

Fentanyl
2 μg/ml

Fentanyl
1 μg/ml

Bupivicaine
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

Figure 26.6 The minimum local anesthetic concentration

(MLAC) represents the median concentration of epidural local

anesthetic required to produce complete pain relief during the

first stage of labor (20mL volume). The MLAC of bupivacaine

can be reduced in a dose-dependent manner with the addition

of fentanyl.
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have similar effects when high doses are used. In a meta-
analysis comparing bupivacaine and ropivacaine, Writer
et al.113 showed that 0.25 percent bupivacaine caused
more motor blockade, higher rates of instrumental
deliveries, and lower neonatal adaptive scores than 0.25
percent ropivacaine. Such high concentrations of ropi-
vacaine are not necessary to provide labor analgesia.
Halpern et al.114 showed that 0.1 percent bupivacaine and
0.1 percent ropivacaine both provided comparable
analgesia, although motor blockade was higher in the
bupivacaine group.

The combined spinal epidural technique for labor
analgesia was made feasible by the availability of atrau-
matic spinal needles with a low incidence of postdural
puncture headache. Intrathecal administration of opioid
results in excellent labor analgesia that lasts for approxi-
mately 60 minutes (Table 26.5) This duration may be
prolonged to about 90–120 minutes by the addition of a
small amount of local anesthetic. Insertion of an epidural
catheter following the spinal injection permits extension
of analgesia beyond that afforded by the intrathecal
agents. The CSE may be especially beneficial in situations

that require the expeditious administration of profound
analgesia, e.g. a multiparous parturient with rapidly
progressing labor.

Parturients prefer a low-dose CSE technique to the
traditional, higher-dose epidural.83 Women receiving a
CSE achieved effective analgesia faster than with a tradi-
tional epidural catheter and were more likely to be
satisfied with their analgesia (odds ratio, 5).115 The main
problem with a CSE is an increased incidence of pruritus.
However, there is no difference between CSE and epidural
techniques with regards to maternal mobility, rescue
analgesia requirements, the incidence of postdural punc-
ture headache (PDPH) or blood patch, hypotension,
urinary retention, mode of delivery, or admission of the
baby to the neonatal unit.82, 115

A variety of spinal medications can be used for labor
analgesia. Standard solutions often contain a combination
of local anesthetic and an opioid. Sia et al.116 showed that
smaller doses of both bupivacaine and sufentanil were as
effective as larger doses (sufentanil 10 mg/bupivacaine
2.5mg versus sufentanil 5 mg/bupivacaine 1.25 mg). Both
motor blockade and hypotension were more frequent
with higher doses of sufentanil and bupivacaine, but
patients receiving a lower dose did not achieve the same
level of analgesia. Conversely, the lower doses were less
rapid in onset among patients in active labor. In higher
doses, morphine may prolong the spinal duration of a
CSE, but this may also result in higher rates of nausea and
vomiting.117 Small doses of morphine may also improve
the efficacy of subsequent epidural analgesia.118

In summary, with respect to CSE:

� spinal injection provides instant relief;
� it can be used as a ‘‘walking epidural’’ prior to

administering local anesthetics;
� the epidural catheter provides continuous support;
� complications are identical to standard epidural

analgesia;
� it is most useful in advanced or very painful labor.
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KEY LEARNING POINTS

� Children of all ages, including premature neonates, are

capable of experiencing acute pain.
� Pain should be assessed, using a developmentally

appropriate method, in all situations where acute pain

is possible.
� Analgesic pharmacology during development is

increasingly well understood, and consequently effective

and safe analgesic protocols can be developed for the

management of acute pain in children of all ages.

� The evidence-base for pediatric acute pain has improved

substantially in recent years due to the efforts of

researchers, professional organizations, and regulating

bodies in many countries of the world.
� Guidelines are available from prominent professional

organizations relating to many aspects of pain

management in children including acute postoperative

and procedural pain.

INTRODUCTION

The obvious difference in physical and cognitive devel-
opment between a preterm neonate and an adolescent has
a profound influence on the way they respond to acute
pain and the effects of analgesics. The challenges of
pediatric acute pain management are therefore to be able
to measure pain as accurately as possible at all ages in this
extremely heterogeneous patient group, and to safely and
effectively adapt analgesic strategies to meet changing
requirements during development.

Today, a great deal is known about how to recognize
and manage acute pain in children but, historically,
children’s pain was often unrecognized and undertreated.

This was especially true of the newborn, as for many years
they were thought to be too immature to adequately
process nociceptive inputs and therefore not in need of
analgesia. This viewpoint was partly sustained by the
belief that neonates, infants, and children were more likely
to suffer dangerous side effects from potent analgesics
such as opioid-induced respiratory depression or even
‘‘addiction,’’ and therefore withholding of such treatments
was prudent.1, 2 The study of developmental neurophy-
siology and pharmacology has changed these views; it is
now universally accepted that even the smallest and most
premature infant is capable of responding to painful sti-
mulation and that appropriate analgesia should be
administered to children of all ages when pain is observed



or expected. This chapter will focus on the principles of
acute pain management in children and relevant devel-
opmental pharmacology. A more detailed account of the
developmental neurobiology of pain can be found in
Chapter 2, Developmental neurobiology of nociception,
and of psychologically based therapies in Chapter 16,
Psychological interventions for acute pediatric pain. The
assessment of pain, detailed descriptions of techniques
and protocols for pain management, and the organization
of pain management services are also discussed in the
relevant chapters in the Practical applications and proce-
dures volume.

THE STUDY OF PAIN IN CHILDREN

Although there have been great advances in recent years,
our knowledge of the effects of injury, pain, and analgesia
during development still lags far behind what is known
about the fully mature human. Currently, the majority of
drugs used for pediatric acute pain management are those
that have been in more general use for many years. Efficacy
and safety are first established in adult populations and
new drugs take some time to establish a place in the
treatment of children’s pain. Particularly worrisome is the
fact that many commonly administered analgesics have not
been sufficiently investigated in children and therefore are
not officially sanctioned or ‘‘licensed’’ for sale or use in
pediatric populations. Such ‘‘off-label’’ prescribing of
medication is frequent in pediatric practice and can lead to
inappropriate withholding of treatment or subjection of
children to unnecessary risks.3, 4, 5 This situation has been
recognized as unnecessary and undesirable, resulting in
legislative moves and other initiatives initially in the US,
and later in the EU, designed to encourage the proper
investigation of drugs in children by offering economic
advantages to pharmaceutical companies, and requiring
that new drugs be at least partly studied in children.6, 7

Nevertheless, ‘‘off-label’’ use of analgesics and other drugs
is still commonplace and a significant cause for concern.8, 9

Clinical trials in children are notoriously difficult to
conduct. They are particularly subject to methodological
problems and complex ethical issues involving recruit-
ment, informed consent, and the use of placebo.10 In the
case of analgesic studies, investigation in children has
been further complicated by the lack of widespread
adoption of valid, comparable, and reproducible outcome
measures. These factors increase costs, have weakened
study design, and reduce recruitment rates such that
many trials are small and their conclusions difficult to
interpret, combine, or compare in meta-analyses and
systematic reviews. However, evidence-based guidance is
beginning to emerge from a number of sources including
the UK Royal College of Nursing, the Australian and
New Zealand College of Anaesthetists, and the Associa-
tion of Paediatric Anaesthetists of Great Britain and
Ireland.11, 12, 13

Recent advances in pain assessment and better coor-
dination of clinical trials following the establishment of
research networks should also go some way to help to
redress these problems.

THE DEVELOPMENT OF NOCICEPTION AND THE
RESPONSE TO INJURY

The mechanisms of acute pain include both the periph-
eral and central components of the response to noxious
stimulation and injury. From birth to maturity, sub-
stantial modifications of these mechanisms take place,
which profoundly changes both the immediate and
longer-term behavioral response to pain during this per-
iod. This process of maturation is known to be at least in
part ‘‘activity-dependent’’ in that sensory inputs leading
to activation and strengthening of synaptic connections
and pain pathways are essential for normal development.
It is now also known that excessive or abnormal injury-
related activity at critical periods of development can lead
to persistent structural and functional changes that are
not seen if the same injury occurs in the adult.14 Clearly, if
we are to understand and treat appropriately the response
to acute pain in children, a knowledge of the influence of
development on nociceptive processes and the effects of
analgesia are essential. A detailed account of the under-
lying biology is given in Chapter 2, Developmental neu-
robiology of nociception.

PAIN ASSESSMENT

Pain assessment is central to good pain management but
the considerable range of psychological development,
cognitive and communication abilities, behavioral and
physiological responses between the preterm neonate and
an adolescent, present enormous problems for valid and
reliable measurement. There is a vast literature on
pediatric pain assessment and many pain measurement
‘‘tools’’ have been devised and validated for use at dif-
ferent ages and clinical settings; for the neonate alone, at
least 14 tools have been described (Table 27.1). No single
tool or measure has been shown to be accurate at all ages
and in all contexts, but consensus is beginning to emerge
regarding the best choice for the most frequently
encountered circumstances: this is discussed in detail in
Chapter 38, Pain assessment in children in the Practice
and Procedures volume of this series.

Principles of pain assessment

The complexities of measuring pain in children require
that heathcare professionals receive suitable education,
training, and support in order to implement meaningful
assessment. Children are usually part of a wider family
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unit whose values and beliefs will impact on pain
assessment and management. As far as possible parents
and families should be educated, consulted, and encour-
aged to participate in this process. In some circumstances
parents are expected to supervise analgesia at home, for
example following day surgery, and in this case, they
should also be given suitable information and support.
Acute pain measurement is concerned with both the static
and dynamic elements of pain such that tools are
generally described as being valid for brief ‘‘incident’’ pain
such as that due to procedures, or for more complex
situations such as postoperative pain (or both). In
general, self-report measures are suitable for both pro-
cedural and postoperative pain, whereas observational
measures have been specifically validated for age and type
of pain.

SELF-REPORT: AGE FIVE YEARS AND ABOVE

Pain is a subjective experience and so self-report is gen-
erally considered to be the most accurate method. Clearly,

many children do not have sufficient verbal skills or
cognitive ability to be able to describe their pain con-
sistently and accurately. Self-report by children is there-
fore complex, nevertheless it remains the preferred
method whenever possible.31[I] There is no agreement
regarding the age threshold for self-report; in practice it is
feasible from about five years of age onwards (range three
to seven years). It should be combined with effective
communication between clinical professionals, children,
and their families as this will help considerably in the
interpretation of reports.32 A large number of child-
friendly self-report tools have been devised, typically
using graphics such as faces as an aid to understanding.
Recently, over 30 of such tools have been evaluated in a
systematic review, six were found to possess well-estab-
lished evidence of reliability and validity including visual
analog scales (VAS) for older children and adolescents
and a number of faces type scales designed for children as
young as three years old.31 These tools are described in
detail in Chapter 38, Pain assessment in children in the
Practice and Procedures volume of this series.

Table 27.1 Neonatal pain assessment tools.

Pain assessment tool Age suitability Acute pain validity

1a CRIES15 Full-term neonates Postoperative

CRying, Increased vital signs, Expression, and

Sleeplessness

2 LIDS16 Full-term neonates Postoperative

Liverpool Infant Distress Scale

3 PAT17 Full-term neonates Postoperative

Pain Assessment Tool

4 CHIPPS18 Neonate–5 years Postoperative

Children’s and Infants Postoperative Pain Scale

5 CSS19 1–7 months Postoperative

Clinical Scoring System

6 NAPI20 Infants 1–36 months Postoperative

Neonatal Assessment of Pain Inventory

7 NFCS21 Preterm–3 months Procedural pain

Neonatal Facial Coding System

8 IBCS22 Preterm–full-term neonates Procedural pain

Infant Body Coding System

9 NIPS23 Preterm–full-term neonates Procedural pain

Neonatal Infant Pain Scale

10a PIPP24 Preterm–full-term neonates Procedural pain

Premature Infant Pain Profile

11 SUN25 Preterm–full-term neonates Procedural pain

Scale for Use in Newborns

12 BPS26 Preterm–full-term neonates Procedural pain– ventilated

Behavioral Pain Score

13 DSVNI27 Preterm–full-term neonates Procedural pain–ventilated

Distress Scale for Ventilated Newborn Infants

14a COMFORT28 Full-term–3 years Postoperative pain

15 Modified COMFORT29 Preterm neonate Procedural pain

Adapted from Refs 18, 28, 29, 30.
aRecommended for clinical use.13
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INDIRECT METHODS OF ASSESSMENT: NEONATES, INFANTS,
AND CHILDREN

Observations of behavior and physiological parameters
are used to provide proxy measurements of pain when
self-report is not feasible, for example in the very young,
or those with cognitive or communication impairment.
There is little evidence to recommend the use of physio-
logical measures alone to assess pain, largely because of
wide interindividual variability and the tendency for
values to regress with time due to homeostatic mechan-
isms.18, 33 Behavior is more reliable but it is subject to
modification by developmental age, affect or mood,
anxiety, distress, hunger, somnolence, or behavioral state
and many drug treatments. Consequently, behavioral
tools are generally shown to be valid and reliable for
particular patient groups and clinical settings. Facial
expression has been found to be one of the most uni-
versally reliable behaviors; it is one of five observations
identified as providing the most valid information in
assessment tools (see Box 27.1).18, 34 In clinical practice, a
distinction is usually drawn between the neonatal period
and infants and children up to the age of the ability to
self-report. Table 27.1 shows tools validated for use in
neonates; of those listed, tools which have been recom-
mended for clinical use are the Premature Infant Pain
Profile (PIPP), CRying, Increased vital signs, Expression,
and Sleeplessness (CRIES), COMFORT, and Neonatal
Facial Coding System (NFCS).13, 15, 24, 28, 29

For older children, again there are a large number of
behavioral tools available: in a recent systematic review,
20 tools designed for use in children aged over three years
were evaluated. Six, listed in Table 27.2, were found to
have well-established evidence of reliability and validity
and they are discussed in detail in Chapter 38, Pain
assessment in children in the Practice and Procedures
volume of this series.41[I]

INDIRECT METHODS: NEURODISABILITY AND
COMMUNICATION IMPAIRED

Although children with neurodisability who may be
cognitively and communication impaired are likely to
undergo surgery, there has been little investigation of
suitable pain assessment tools. The Face, Legs, Arms, Cry,
Consolability (FLACC) tool has been adapted for use in
this group of patients, and two new tools specifically
developed the Pediatric Pain Profile (PPP) and the
Noncommunicating Children’s Pain Checklist (NCCPC)
(see Chapter 38, Pain assessment in children in the
Practice and Procedures volume of this series, for a fuller
discussion).42, 43, 44

PRINCIPLES OF ACUTE PAIN MANAGEMENT

Multimodal or balanced analgesia

Current strategies for the treatment of acute pain in
children are centered on the concept of multimodal
analgesia which was first proposed in order to increase the
efficacy of analgesics whilst reducing their adverse
effects.45 The supporting rationale is that the major
pharmacological groups of analgesics act on different
components of pain pathways and as such their effects are
likely to be complementary. It is therefore logical to give
these analgesics, such as paracetamol, nonsteroidal anti-
inflammatory drugs (NSAIDs), opioids, and local anes-
thetics in conjunction in order to achieve the optimum
effect whilst keeping the dose of each, and therefore side
effects, at a moderate level. Psychological pain manage-
ment strategies should also be combined with pharma-
cological analgesia (see Chapter 16, Psychological
interventions for acute pediatric pain).

Information and protocols: pain management
plan

Training and education for healthcare workers and
information for patients, families, and carers are pivotal
for successful acute pain management. As acute pain is
frequently predictable in its onset, severity, and time
course, analgesic regimens can be preplanned and
implemented with supporting educational programs,
provision of necessary equipment, and management
protocols. Pain management protocols must be suffi-
ciently flexible to allow for differences in analgesic
requirements due to developmental and other factors and
to cater for individual preferences. It should include a
pain assessment and reassessment plan, the management
of background and incident pain, monitoring for adverse
effects and their management, and how and from whom
to seek timely help and advice if necessary. A well-
designed protocol ensures efficacy and uniformity of

Box 27.1 Information for families
regarding postoperative pain management
at home

� The nature and extent of the planned surgical
procedure.

� The site and intensity of expected pain.
� The expected duration of pain.
� How to assess pain: including use of an

assessment scale.
� Analgesia and doses, frequency of

administration.
� Expected side-effects and their management.
� How and when to seek further advice after

discharge from hospital.
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treatment and will facilitate ongoing evaluation and audit
of effectiveness and the incidence of adverse effects. An
individual, or group of individuals, must be responsible
for the implementation of pain management, and the
concept of pain management services has developed from
an awareness of this. Such services can be invaluable in
the provision and organization of pain management and
are discussed in detail in Chapter 50, Organization of
pediatric pain services in the Practice and Procedures
volume of this series.

The role of parents and families

The implementation of family-centered care involving the
establishment of a partnership between parents or carers
and nursing staff and other healthcare workers has sub-
stantially increased parents’ role in their child’s in-
hospital care. An increase in day-stay surgery also means
that pain management is frequently devolved to parents at
home. Parents may have considerable anxiety about pain
and its treatment and have preconceptions, misconcep-
tions, and prejudices about analgesics and their use.46, 47

If parents are to be expected to initiate therapy and
actively participate in management plans, they require
considerable support, information, and education
(Box 27.1).

PHARMACOLOGY OF ANALGESICS FOR
PEDIATRIC ACUTE PAIN

In comparison with adults, relatively few analgesics have a
clearly established role in pediatric acute pain manage-
ment. Detailed analgesic clinical pharmacology is dis-
cussed in Chapter 3, Clinical pharmacology: opioids;
Chapter 4, Clinical pharmacology: traditional NSAIDs
and selective COX-2 inhibitors; Chapter 5, Clinical
pharmacology: paracetamol and compound analgesics;

Chapter 6, Clinical pharmacology: other adjuvants; and
Chapter 7, Clinical pharmacology: local anesthetics.

Systemic analgesics: paracetamol, NSAIDs,
opioids

PARACETAMOL (ACETAMINOPHEN)

Paracetamol is an antipyretic and mild analgesic that has
been widely used for all ages, including premature neo-
nates, for many years. The precise mechanism of action of
paracetamol is unknown but central cyclooxygenase (COX)
inhibition is probably important. Other mechanisms have
also been proposed including N-methyl-D-aspartate
(NMDA) and serotonin antagonism.48, 49 The efficacy of
paracetamol for postoperative pain has been established
in the adult, where it is frequently also combined with
other analgesics such as codeine to produce modest
improvements in analgesia.50, 51[I] In infants and chil-
dren, paracetamol has been found to be effective alone or
as part of a multimodal analgesic strategy, and to have an
opioid-sparing effect when given in conjunction with
morphine patient-controlled analgesia (PCA).52[II], 53

[II], 54[II] Paracetamol is used ubiquitously for acute pain
indications in pediatrics, where it is considered to be very
safe, with few adverse effects provided that dosage
recommendations are carefully followed (Tables 27.3
and 27.4).

Administration and pharmacokinetics

Paracetamol can be given by the oral, rectal, and intra-
venous (i.v.) routes. The pharmacokinetics and pharma-
codynamics of paracetamol have been relatively well
investigated in children; maximum dosage is largely
determined by the potential for toxicity and the influence
of age on clearance. Antipyretic plasma levels are
10–20mg/L, levels required for analgesia are thought to
be similar and so most dosing regimens aim to maintain

Table 27.2 Behavioral tools for infants and older children.

Pain assessment tool Acute pain validity

1 FLACC35 Postoperative and procedural

Face, Legs, Arms, Cry, Consolability

2 CHEOPS36 Procedural

Children’s Hospital of E. Ontario Pain Scale

3 PPPM37 Postoperative: at home

Parents Postoperative Pain Measure

4 COMFORT38 Postoperative and procedural: in critical care

5 PBCL39 Procedural: pain-related fear and distress

Procedure Behavior Check List

6 PBRS-R40 Procedural: pain-related fear and distress

Procedure Behavioral Rating Scale-Revised
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trough plasma concentrations of 10mg/L.56 A higher
initial dose followed by maintenance doses not exceeding
recommended maxima is generally recommended. Peak
plasma levels are rapidly achieved after oral ingestion but
there is a one to two hour lag before the maximum
therapeutic effect, the onset of analgesia after i.v.
administration may be much faster.57 Rectal bioavailablity
is much lower and more variable and so higher initial
doses are recommended when this route is used. Rectal
absorption is both age and formulation dependent up to
the age of six months with relatively greater bioavailability
in the premature neonate.58 There are two i.v. prepara-
tions: i.v. paracetamol and propacetamol. Propacetamol is
a prodrug which is hydrolyzed to 50 percent paracetamol
and is therefore administered in twice the dose, i.e. 1 g
propacetamol is equivalent to 500mg paracetamol, this is
a potential source of confusion and error.55 Propacetamol
clearance is reduced below one year of age and lower
maintenance doses are therefore required.59 Histamine
release, pain on injection, and contact dermatitis in
healthcare workers have been reported with propaceta-
mol, mild platelet dysfunction may also occur.60, 61

Intravenous paracetamol appears to be devoid of these
drawbacks and therefore it has gained widespread
acceptance in pediatric practice. See Table 27.3 for sug-
gested oral and rectal dosing and Table 27.4 for i.v.
dosing.

Side effects and toxicity

When recommended dosage limits are not exceeded,
paracetamol is well tolerated. Hepatotoxicity of para-
cetamol is related to metabolism and excretion of the
drug and may be age dependent with neonates being
more sensitive, and infants less, than older children and
adults.58, 62 Toxicity has been mainly associated with large
single doses of around 150mg/kg or following chronic use
of high doses, particularly in the youngest patients. It is
therefore frequently recommended that in routine prac-
tice maximum doses only be continued for limited peri-
ods, and certainly not longer than five days.63 Factors
associated with liver toxicity include preexisting liver
impairment, chronic ingestion in the malnourished, and
accidental overdose due to misreading or misinterpreta-
tion of package labeling by parents.64

NSAIDs

NSAIDs act by inhibition of COX; enzymes that regulate
many cellular functions by the production of pros-
taglandins and other substances. The detailed pharma-
cology of NSAIDs is discussed in Chapter 4, Clinical
pharmacology: traditional NSAIDs and selective COX-2
inhibitors. Ibuprofen, diclofenac, and ketorolac are
among the most widely investigated and prescribed for

Table 27.3 Paracetamol dosing guide – oral and rectal administration.

Age Route Loading dose
(mg/kg)

Maintenance
dose (mg/kg)

Interval (h) Maximum daily
dose (mg/kg)

Duration at
maximum dose (h)

28–32 weeks PCA Oral 20 10–15 8–12 30 48

Rectal 20 15 12

32–52 weeks PCA Oral 20 10–15 6–8 60 48

Rectal 30 20 8

43 months Oral 20 15 4 90 72

Rectal 40 20 6

PCA, postconceptual age.

Table 27.4 IV Paracetamol/ propacetamol dosing guide.a

Age Drug Loading dose
(mg/kg)

Maintenance
dose (mg/kg)

Dose
interval (h)

Maximum daily
dose (mg/kg)

o32 weeks PCA Propacetamol 40 20 12 60

Paracetamol 20 10 12 30

32–36 weeks PCA Propacetamol 40 20 8 80

Paracetamol 20 10 8 40

36–52 weeks PCA Propacetamol 40 20 6 100

Paracetamol 20 10 6 50

41 month Propacetamol 30 30 6 120

Paracetamol 15 15 6 60

aAdapted from Ref. 55.
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acute pain in children, they are safe and effective and are
used interchangeably in clinical practice with the choice
of drug largely determined by convenience of formulation
(Table 27.5). NSAIDs are useful analgesics after minor to
intermediate surgery.65[I] They are often combined with
paracetamol and moderate potency opioids such as
codeine. Following major surgery they can reduce mor-
phine requirements as part of a multimodal technique.52

[I], 53[II], 66 They are also used extensively where acute
pain is associated with inflammation such as in juvenile
rheumatoid arthritis (JRA). NSAIDs are not usually used
for pain indications in the neonate.67 Potentially trou-
blesome side effects from NSAIDs include gastrointestinal
irritation, renal impairment, exacerbation or precipita-
tion of acute asthma in susceptible individuals, and pla-
telet dysfunction and bleeding. Newer COX-2 selective
NSAIDs have been introduced in an attempt to reduce the
incidence of these effects but they have not been used
widely in children; recent findings of possible increased
cardiovascular risk in older adults has resulted in with-
drawal of some compounds from the market and a
reassessment of their value as a group, which is likely to
delay any further introduction into pediatric practice.68

Administration and pharmacokinetics

A number of formulations are available: diclofenac is
presented in oral and parenteral forms and as a con-
venient rectal suppository; ketorolac is usually given
intravenously. Novel formulations such as eye drops and
transdermal patches are also available but have not yet
found their place in routine practice. Clearance of
NSAIDs increases with age up to about five years old, but
there is large interindividual variability in pharmacoki-
netic parameter estimates due to interaction of age, size,
and pharmacogenomic factors such as functional poly-
morphism in genetic coding for important metabolizing
enzymes.69

Side effects and toxicity

The most commonly reported adverse effects are bleed-
ing, gastrointestinal symptoms, skin rashes, respiratory,
and renal toxicity.70, 71

Bleeding

NSAIDs reversibly inhibit the formation of thromboxane
A2 and platelet endoperoxides. Platelet dysfunction may

lead to increased intraoperative and postoperative blood
loss, and if associated with peptic ulceration, gastro-
intestinal bleeding. Mostly, this is considered a low
risk, but significantly increased blood loss has been con-
sistently identified following tonsillectomy; ketorolac has
been particularly implicated, but not in other post-
operative models.65[III], 72 A number of meta-analyses
have been performed in an attempt to resolve this
issue but they have included different trials (including
different NSAIDs, populations, and ages) and reached
different conclusions.73, 74, 75, 76 Overall, any risk must be
balanced against significant improvements in analgesia
and reduction in postoperative nausea and vomiting
(PONV) when NSAIDs are used.75[I], 76[I] Ibuprofen
and diclofenac appear to be associated with a very
low risk of post-tonsillectomy bleeding, but there is cur-
rently insufficient data to assess the risk for individual
NSAIDs.13

Asthma

Patients with aspirin-induced asthma may be cross-sen-
sitive to NSAIDs. Some caution has also been advised in
the use of NSAIDs in the presence of respiratory wheeze
in asthmatic patients. Diclofenac did not adversely affect
respiratory function in a group of asthmatic children,77

and in studies of children with fever given paracetamol or
ibuprofen, asthma morbidity was in fact relatively
reduced by ibuprofen.78, 79 Risks of exacerbation of
respiratory disease by NSAIDs in children may have been
somewhat overemphasized. However, it has been sug-
gested that NSAIDs be avoided in a small subgroup of
adolescents with severe asthma and chronic rhinosinusitis
with nasal polyposis who are likely to be more sensitive.80

Nephrotoxicity

NSAID-induced nephrotoxicity is well described. Dose-
dependent toxicity induces a functional acute renal failure
which resolves on discontinuation of the drug. Pros-
taglandins regulate renal blood flow in conditions of
stress such as hypovolemia or following major surgery.
The risk of renal failure is therefore higher in dehydrated,
or otherwise hypovolemic patients and in patients with
preexisting renal disease. Dose-independent interstitial
nephritis with or without nephritic syndrome can also
occur, it is treated conservatively or with corticosteroids.

Table 27.5 Dosages and dosage maximae for NSAIDs.

Drug Class of analgesic Routes of administration Maximum doses

Ibuprofen NSAID Oral 30mg/kg/day (5–10mg/kg qds)

Diclofenac NSAID Oral 3mg/kg/day (1mg/kg tds)

Rectal 3mg/kg/day (1mg/kg tds)

Ketorolac NSAID Oral 0.5–1mg/kg qds

Intravenous 0.5mg/kg qds
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MORPHINE

Morphine is the prototype opioid extensively investigated
in children and there is considerable clinical experience in
its use for the management of severe acute pain.

Administration and pharmacokinetics

Morphine can be given orally, parenterally, and neur-
axially. Morphine solutions are well absorbed orally,
formulations include a suspension and a slow-release
compound. Parenteral morphine is usually given intra-
venously either by intermittent dosing, continuous infu-
sion, or in a PCA or nurse-controlled analgesia (NCA)
regimen. Subcutaneous morphine is also used. Pre-
servative-free (as a precaution against chemical neuro-
toxicity) morphine is also effective in the epidural space
or intrathecally.

The pharmacokinetics and clinical use of morphine in
neonates, infants and children has been reviewed.81, 82, 83,
84[III] The pharmacokinetics of morphine are devel-
opmentally regulated, although outside the neonatal
period which is characterized by higher interpatient
variability and reduced clearance, the effects of morphine
are largely predictable. In neonates aged one to seven
days, the clearance of morphine is 30 percent of that of
older infants and children and elimination half-life is
approximately 1.7 times longer.84, 85 Infusion rates and
dose intervals must therefore be adjusted according to
both age and weight if accumulation is to be avoided.
Although the plasma levels associated with analgesia are
not well defined, a mean steady-state serum concentration
of 10 ng/mL is a reasonable target. This level was achieved
in children in intensive care after noncardiac surgery with
a morphine hydrochloride infusion of 5mg/kg/h at birth
(term neonates), 8.5 mg/kg/h at one month, 13.5 mg/kg/h
at three months, 18 mg/kg/h at one year, and 16 mg/kg/h
for one- to three-year-old children.83 A common thresh-
old for respiratory depression in neonates, infants, and
children has been defined as 20 ng/mL.86

Side effects and toxicity

Nausea and vomiting, sedation, and respiratory depres-
sion are the most frequently seen adverse effects of
morphine (and other opioids), together with itching
which is especially common after neuraxial administra-
tion. Depression of gastrointestinal motility and con-
stipation also occur, usually with prolonged use. Adverse
effects of morphine can be reversed with low doses of the
opioid antagonist naloxone. In clinical practice, minor
side effects can be managed by reducing the dose of
morphine or with appropriate therapy, for example
antiemetics, antipruritics, and laxatives.

FENTANYL

Fentanyl is a synthetic, high potency (100�morphine)
lipid soluble opioid. Its main use is for intraoperative

analgesia where its rapid onset and short initial half-life
are an advantage.

Administration and pharmacokinetics

After i.v. administration, a single dose of fentanyl has a
duration of 30–45 minutes. As fentanyl is highly lipid
soluble, its pharmacokinetic profile is context sensitive
such that half-life progressively increases with infusion
duration.87 It can be given parenterally, neuraxially, intra-
nasally, and by oral transmucosal fentanyl citrate (OTFC)
and transdermal techniques, the i.v. preparation has also
been given orally where its pharmacokinetics resemble
OTFC (see below under Administration and pharmacoki-
netics).88 Fentanyl can be used for postoperative analgesia
and for procedural pain, particularly when morphine is
contraindicated. In the epidural space it is used alone or
combined with local anaesthetic.89, 90 A disposable ionto-
phoretic transdermal fentanyl PCA system has been
developed recently, which may also be suitable for older
children.91 OTFC has been used for premedication but
highly variable bioavailability, PONV, and prolonged
postoperative recovery have limited its popularity.92

Side effects and toxicity

Opioid-related side effects of sedation, respiratory
depression, and itching are to be expected. Higher doses
have been associated with chest wall rigidity, especially in
the neonate, and such doses are therefore usually only
given when respiration is controlled.93

HYDROMORPHONE

Hydromorphone is a semisynthetic opioid with high lipid
solubility. It has been used widely for acute pain. A sys-
tematic review concluded that hydromorphone was
similar to morphine in efficacy and side effects when used
for both acute and chronic pain indications in adults and
children.94[I]

Administration and pharmacokinetics

The pharmacokinetics and pharmacodynamics of hydro-
morphone have been studied, including immediate
release oral preparations, a variety of slow release oral
preparations, as well as administration through intra-
venous, subcutaneous, epidural, intrathecal, and other
routes.95 It is known to be metabolized to analgesically
inactive metabolites. Oral hydromorphone was equivalent
to OTFC for procedural pain of burns dressings.96[II] The
efficacy of i.v. PCA hydromorphone was similar to mor-
phine in the management of acute mucositis pain.97[II]
Epidural hydromorphone was similar in efficacy to epi-
dural fentanyl or morphine for postoperative pain (1mg/
kg/h versus 10 mg/kg/h versus 1 mg/kg/h) after orthopedic
procedures, but hydromorphone had an improved side-
effect profile with less sedation than morphine and less
PONV or urinary retention than either alternative.98[II]
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Side effects and toxicity

Opioid-related side effects of sedation, respiratory
depression, and itching are to be expected with hydro-
morphone. Fewer side effects in comparison to morphine
or fentanyl were reported when used in the epidural space
following lower limb orthopedic surgery.98[II]

DIAMORPHINE

Diamorphine is a potent opioid analgesic. It is more lipid
soluble than morphine and can be used for similar acute
pain indications. Diamorphine by the intranasal route has
become popular for the management of procedural pain
in the emergency department.99, 100

Administration and pharmacokinetics

Diamorphine can be given by a variety of routes including
the oral, intranasal, parenteral, and for neuraxial analge-
sia, the epidural or intrathecal. Oral diamorphine has
been mostly used for chronic pain. Intranasal diamor-
phine has a rapid onset and is effective for procedural
pain, notably for fracture reduction in emergency
departments.101, 102[II] Intravenous diamorphine caused
more rapid sedation and less hypotension than morphine
in a group of neonates in the intensive care unit (ICU).103

[II] No age-related differences in the production of active
morphine metabolites were found in a pharmacokinetic
study of infants receiving intravenous diamorphine.104

Diamorphine is an effective neuraxial analgesic, it has
been used alone and in combination with local anesthetic
in the caudal and lumbar epidural space.105, 106[II], 107

OXYCODONE AND HYDROCODONE

Oxycodone and hydrocodone are potent opioids that are
used for both acute and chronic pain, their high oral
bioavailablity has favored this route of administration.
They are available in a number of proprietary oral pre-
parations, frequently combined with paracetamol or
aspirin (aspirin is unsuitable for children: see Chapter 4,
Clinical pharmacology: traditional NSAIDs, and selective
COX-2 inhibitors). They are the most frequent opioids of
abuse among adults in the US, which is a major public
health concern; their efficacy, which is similar to mor-
phine, and wide availability are probably contributing
factors.108 Oxycodone is the better studied of the two, its
clinical use has been reviewed recently.109

Administration and pharmacokinetics

Oxycodone is usually given by the oral or intravenous
route, a long-acting sustained release oral preparation is
available and it has also been given by the buccal route.
The pharmacokinetics of oral, buccal, sublingual, and
parenteral (intramuscular and intravenous) oxycodone
have been studied in children.110, 111, 112 Like morphine,
pharmacokinetics are predictable over the age of six

months, but marked interpatient variability has been noted
in neonates and infants less than two months old.113

Oxycodone reduced pain scores in children presenting
with abdominal pain better than placebo, without masking
clinical diagnostic signs of appendicitis.114[II] The effective
use of controlled release oxycodone for postoperative
analgesia in children has also been described.115[III]

Side effects and toxicity

Opioid-related side effects of sedation, respiratory
depression, and itching are to be expected with oxyco-
done and hydrocodone. Hallucinations, an infrequent
adverse effect of opioids, have been reported to be
less frequent following oxycodone in comparison with
morphine.109[III]

CODEINE

Codeine is a low potency opioid that is popular in
pediatric practice, it is used for mild to moderately severe
pain, usually in combination with other analgesics such as
paracetamol or NSAIDs.116 Traditionally, codeine has
been used where respiratory depression, sedation, or
other opioid-related side effects are a particular concern,
for example in the neonate and following neurosurgery,
but the use of codeine for these indications has been
challenged: see below.116

Administration and pharmacokinetics

Codeine can be given by the oral and intramuscular
routes, it should not be given intravenously. Codeine is a
morphine prodrug; approximately 10–15 percent is
metabolized to morphine by the cytochrome P450
enzyme CYP2D6 and this metabolite is thought to be
responsible for its analgesic effect as analgesia cannot be
demonstrated in human volunteers in which the pathway
is pharmacologically blocked. CYP2D6 activity is geneti-
cally regulated, 5–40 percent of individuals in some
populations have reduced, little, or no activity (‘‘slow and
intermediate metabolizers’’) and consequently are less
able to produce morphine from codeine, leading to
unpredictability of effect.117 CYP2D6 activity is also
developmentally regulated, with lower levels in the very
young.118 Codeine should be avoided when pain assess-
ment is difficult or impossible, and in individuals with
reduced enzyme activity.

Side effects and toxicity

Opioid side effects are to be expected with codeine.
Dangerous hypotension has been reported following
intravenous administration, presumably due to histamine
release.119

TRAMADOL

The clinical pharmacology of tramadol has been reviewed
recently, it is a synthetic opioid analgesic that also inhibits
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serotonin and norepinephrine reuptake.120 It is used
widely for acute and chronic pain in children, and there is
an extensive body of literature describing its efficacy and
indications.

Administration and pharmacokinetics

Tramadol is most frequently given by the oral and par-
enteral routes, it can be given rectally, it has been given
epidurally, and has been added to local anesthetics for
peripheral nerve blockade and wound infiltration.121, 122,
123, 124 The pharmacokinetics of parenteral, epidural, and
rectal tramadol have been studied in children; values are
broadly similar to those obtained in adults above the age
of one year.125, 126 Tramadol is metabolized by the cyto-
chrome enzyme CYP2D6 to its major active metabolite
o-desmethyltramadol, which has a 200� increased affi-
nity for the mu opioid receptor. CYP2D6 is genetically
and developmentally regulated (see above under Codeine
and Administration and pharmacokinetics), which may
have implications for the use of tramadol in some indi-
viduals and in very young patients. The pharmaco-
kinetics of tramadol in neonates and infants has been
investigated, no relationship between postmenstrual age
and o-desmethyltramadol production was established,
clearance is reduced in the newborn but reaches 80 per-
cent of adult values by one month.127, 128 The effect of
CYP2D6 polymorphism on the efficacy and disposition of
tramadol is not known.

Side effects and toxicity

Opioid side effects have been reported as less prominent
with tramadol, but this is not confirmed when equi-
analgesic doses are used.120, 129 Any potential for neuro-
toxicity of tramadol when used by the epidural route has
not been explored.124

KETAMINE, CLONIDINE

These drugs exert their analgesic effects by novel modes of
action on transmission in nociceptive pathways. Aside
from their systemic use, they have been found to prolong
the duration of action of caudal epidural local anesthetics.

KETAMINE

Ketamine is a glutamate NMDA receptor antagonist. It
has been used for many years as an intravenous general
anesthetic; its principal advantages being profound
analgesia, relative preservation of respiration and
respiratory reflexes, and cardiovascular stimulation.
Ketamine produces a state of ‘‘dissociative’’ anesthesia, a
disadvantage is that emergence phenomena including
hallucinations and unpleasant dreams have been reported.
At low doses (o1mg/kg), it has been found to be an
effective analgesic, in particular it appears to reduce the
hypersensitivity due to ‘‘central sensitization’’ following

injury or surgery in both inflammatory and neuropathic
conditions. Although there are numerous publications
concerning the analgesic effects of ketamine, a recent
systematic review concluded that its role in the manage-
ment of postoperative pain in the adult remains
unclear.130 The NMDA receptor is known to undergo
developmental changes in distribution, structure, and
function, and is thought to be important in regulating
neuronal plasticity during the developmental period.14

The precise impact of this on the efficacy or toxicity of
systemic or neuraxial ketamine (or other NMDA
antagonists) during infancy and childhood is still not fully
understood.

Administration and pharmacokinetics

Ketamine is a racemic mixture, the S(1) isomer has a
faster onset, approximately twice the analgesic potency as
the racemate but similar psychomimetic potency, it is
available as an intravenous and preservative-free pre-
paration.131 The principal uses of ketamine in pediatric
acute pain practice are as a neuraxial analgesic, principally
in caudal epidurals, as an intravenous supplement to
postoperative opioid analgesia, and as a sedative-analgesic
for painful procedures.132, 133, 134

Side effects and toxicity

The side effects of ketamine depend on the dose and route
of administration, additionally, the more potent S(1)
isomer is associated with fewer unwanted effects for
similar levels of analgesia. Hallucinations and dysphoria
are not associated with low-dose regimens commonly
used for analgesia. The potential for neurotoxicity from
systemically or spinally administered NMDA antagonists
is a concern, and has been the subject of considerable and
ongoing debate.135 Systemically administered ketamine,
and a number of other substances including some seda-
tives and anesthetic agents, can produce damaging neu-
rodegeneration in the rodent brain if exposure is during a
critical period of early postnatal development.136 The
significance of these findings in humans and implications
for clinical practice are not known.137 Early studies in
primates indicate that similar histological damage is
possible but is critically dependent on age at exposure,
drug dose, and duration of treatment, with highest risks
being inter-utero and in the first few days of life.138

Spinally (epidural) preservative-free ketamine has not
been implicated as a cause of neurotoxicity. Although
it is presumed to be safe, it has not been directly
investigated.139

CLONIDINE

Clonidine has analgesic, sedative, and antiemetic prop-
erties, it can also cause hypotension and bradycardia. It is
an alpha2 adrenergic agonist that is capable of producing
neuraxial analgesia and consequently has become popular
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for caudal analgesia in children, alone or as an adjunct
to local anesthesia.140 Clonidine is also used systemically
for premedication, sedation in ICU areas, and for the
symptomatic treatment of symptoms due to rapid
withdrawal of opioid analgesia.141

Administration and pharmacokinetics

Systemic clonidine can be administered orally, par-
enterally, or rectally. Preservative-free solutions are used
in the epidural space. Pharmacokinetic data are limited in
children, the pharmacokinetics of epidural clonidine in
one to nine year olds was found to be similar to that in
adults.142 Following systemic administration, plasma
concentrations within the range of 0.2–2.0 ng/mL are
thought to be effective.143

Side effects and toxicity

Dose-dependent sedation, hypotension, and bradycardia
occurs following systemic clonidine. These effects are not
thought to occur in children, outside the neonatal period,
at plasma levels below 0.3 ng/mL.142 Neonates appear to
be more susceptible to the adverse effects of clonidine.
Since an early description of severe delayed respiratory
depression following 2 mg/kg caudal clonidine, there have
been a number of similar reports of such events in
neonates and caution is advised in this group of
patients.139, 140, 144, 145

Local anesthetics

Local anesthesia (LA) is very important in pediatric acute
pain management, particularly after surgery and for
procedural pain. Topical LA, LA infiltration, peripheral,
and central regional analgesia are all used extensively for
acute pain indications. The detailed pharmacology of
local anesthetics is discussed in Chapter 7, Clinical
pharmacology: local anesthetics.

LIDOCAINE, BUPIVACAINE, LEVOBUPIVACAINE, AND
ROPIVACAINE

Administration and pharmacokinetics

The amide-type LAs lidocaine and bupivacaine have been
the most commonly used in children for several decades
and there is considerable clinical experience of their effi-
cacy and safety at all ages. Lidocaine has a rapid onset and
is of short to intermediate duration, it is used for local
infiltration and regional nerve blocks, particularly where a
rapid response is required. Lidocaine, with prilocaine are
the components of the topical preparation eutectic mixture
of local anesthetics (EMLA). Bupivacaine has a slower
onset and long duration, four hours analgesia or longer
can be expected following single dose central nerve
blocks, and consequently it is has been the first choice
for postoperative analgesia. Their pharmacology and
pharmacokinetics have been well investigated and were
reviewed recently.146 Bupivacaine is a racemic mixture. The

S(1) enantiomer, levobupivacaine, has a slightly improved
in vivo and in vitro safety profile compared to bupivacaine
but is otherwise similar.147, 148 Ropivacaine is an amide LA
with similar clinical properties to bupivacaine except that
motor block is slower in onset, less intense, and shorter in
duration.139 Ropivacaine may have theoretical advantages
during prolonged infusion in neonates and infants as
unlike bupivacaine context sensitive half-life does not
increase with increased duration of infusion.139

Side effects and toxicity

The toxicity of LAs depends on the age of the patient, the
drug, absolute dose, and route of administration. Neu-
rotoxicity and cardiotoxicity have been reported in chil-
dren but provided that dosage recommendations are
observed, toxic events are rare.149 Fatal bupivacaine car-
diotoxicity has occurred following intravenous regional
analgesia (IVRA), and both bupivacaine and levobupi-
vacaine are contraindicated for this procedure. Neonates
may have a lower threshold for toxicity. LAs are exten-
sively protein bound (490 percent), the free, unbound,
fraction is pharmacologically active and therefore
important for toxicity. Alpha-acid glycoprotein (AAG)
and albumin are the most important plasma proteins.
AAG levels are lower in the neonate and increased
unbound bupivacaine has been demonstrated in the
newborn.150 Plasma bupivacaine 43 mg/mL is associated
with neurotoxicity in the awake adult, cardiotoxicty
44 mg/mL, the equivalent levels for neonates are not
known but toxicity has been reported following bupiva-
caine infusion at ‘‘therapeutic’’ doses, leading to a
reduction in recommended doses and infusion durations
in the neonatal period.151 In a study of ropivacaine
infusion in children under one year, in contrast to bupi-
vacaine, plasma levels did not continue to rise with
infusion duration although absolute levels and free frac-
tion were similarly increased at younger ages.152

Topical local anesthetics

Topical local anesthesia has revolutionized the practice of
minor needle-related procedures such as venepuncture,
venous cannulation, and lumbar puncture.153 A number
of preparations are available, the most frequently studied
and used being EMLA and Ametop (amethocaine gel).

EMLA

Lidocaine forms a eutectic mixture with prilocaine such
that the combination has a melting point lower than either
of the constituents. This mixture, formulated as a cream,
can produce local anesthesia when applied to intact skin.

Administration

It should be applied for approximately 60 minutes under
an occlusive dressing, the duration of analgesia is several
hours. EMLA is suitable for use in the neonate in single
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doses, multiple doses should be to a maximum of four a
day and under close supervision; measurement of blood
methemoglobin levels has been advised.154, 155

Side effects and toxicity

Transient paleness, redness, and edema of the skin may
occur following application.

A metabolite of prilocaine, o-toluidine can lead to the
development of methemoglobin, an oxidized form of
hemoglobin which has a reduced oxygen carrying capa-
city. Methemoglobin reductase, the enzyme which
catalyzes conversion to hemoglobin, is developmentally
regulated, neonates are also susceptible because fetal
hemoglobin is more easily oxidized.156

AMETOP

Tetracaine is a potent ester-type LA. Due to its high sys-
temic toxicity, it is only used for intrathecal and surface
anesthesia, approximately 15 percent bioavailability is
expected after application to intact skin.

Administration

Four percent tetracaine gel produces surface anesthesia in
approximately 30 minutes, it has an absorption and
elimination half-life of about 75 minutes, the duration of
analgesia is four to six hours. Ametop therefore produces
a more rapid onset and longer lasting effect than EMLA.
It has been shown to be effective in the neonate.157[II]

Side effects and toxicity

Mild erythema at the site of application is seen frequently;
edema of the skin, itching, and even blistering have been
reported but are rare.

Nitrous oxide

Nitrous oxide is a weak anesthetic gas with analgesic
properties, supplied compressed in metal cylinders and
administered using specialized equipment. Premixed
cylinders with 50 percent N2O in O2 are available
(Entonox), but it is also sometimes administered in
concentrations up to 70 percent. It has been used in
dentistry for many years and is also used extensively for
brief procedural pain in children who are cooperative and
able to self-administer.158

ADMINISTRATION AND SIDE EFFECTS

Administration

Nitrous oxide is administered using a face-mask or
mouthpiece and a demand-valve system, activated by
negative pressure. Patients must be cooperative, willing,
and able to use the apparatus unassisted following
instruction as a safety feature is that should sedation
occur, the patients’ arm and hand will relax allowing the
apparatus to fall away and prevent further administration.

Side effects and toxicity

Nitrous oxide is a weak general anesthetic and will
potentiate the effect of other sedatives and anesthetics.
Frequent but usually minor side effects include dizziness,
nausea, dry mouth, and disorientation. It is insoluble and
readily diffuses into gas-filled enclosed spaces causing
them to expand or increase in pressure, nitrous oxide is
therefore contraindicated in the presence of pneu-
mothorax. Excessive sedation can occur and is treated by
discontinuation of the gas, airway management, and
oxygen administration.158 Prolonged exposure may affect
folate metabolism leading to megaloblastosis, anemia, and
peripheral neuropathy. Bone marrow depression can
occur. Exposure to prolonged high concentrations has
been associated with reduced fertility in both men and
women. Nitrous oxide should be used in well-ventilated
areas which maintain ambient concentrations below
national occupational exposure standards (100 ppm in
the UK). Patients who are to receive N2O more frequently
than twice every four days should have regular blood
examinations for megaloblastic changes and neutrophil
hypersegmentation.158

Sucrose

Sucrose solutions reduce physiological and behavioral
signs of pain in neonates during painful procedures.159

[I] This effect is thought to be mediated by the activa-
tion of descending modulatory pathways, due to activity
in brain stem opioid systems in response to the sweet
taste.160

ADMINISTRATION AND SIDE EFFECTS

Administration

Studies have recommended 0.5–2.0mL of a 24 percent
solution of sucrose administered one to two minutes
before a painful stimulus,161 although studies have found
that 0.05–2.0mL of solutions 12–24 percent are effec-
tive.159[I] It can be given using a pacifier or dripped
directly onto the tongue using a syringe, the number of
drops should be according to the infant’s response.

Side effects and toxicity

Coughing, choking, gagging, and transient oxygen desa-
turation can occur. The safety of multiple administrations
in very small preterm infants has been questioned as
changes in neurobehavioral responses were observed after
repeated sucrose administration in this group.162, 163

POSTOPERATIVE PAIN

Postoperative pain management should be planned prior
to the procedure by the pediatric anesthetist in
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consultation with patients, their families, and other
members of the perioperative team.13 Initiation of post-
operative pain relief is usually considered to be part of the
plan of anesthesia; patients should not normally be dis-
charged from the postanesthesia recovery unit until they
are comfortable and a further pain management plan is
established.

Most routine surgery in children is relatively minor
and very often undertaken on a day-case or day-stay
basis. This is psychologically and economically beneficial
to children and their families, and is economically
beneficial to providers of health care. Analgesia for
such surgery must be effective and not delay discharge
from hospital due to immobility, excessive sedation, or
PONV. In practice, this means limiting or avoiding the
use of opioids and long-acting sedatives whilst encoura-
ging the use of local anesthetic techniques. Pain man-
agement will continue to be required at home, parents
need information, education, and support (Box 27.1) in
order to assume this responsibility, see earlier under
The role of parents and families. Postoperative pain
after day surgery should mostly be treatable with ‘‘over
the counter’’ analgesics that are safe and easily obtain-
able by families. ‘‘Take home packs’’ containing
supplies of analgesics and written information and
instructions are often supplied prior to discharge from
hospital.

Pain management following more major surgery can
be required for several days or weeks. High potency
analgesics such as parenteral opioids or local anesthetic
infusions may be needed as part of a ‘‘balanced analgesia’’
approach. Pain management protocols should include
pain assessment, monitoring, criteria for additional
analgesia, management of side effects, and criteria for
transition to simpler, usually oral, analgesia when
appropriate.

LOCAL ANESTHETIC TECHNIQUES

Wound infiltration

Infiltration of the surgical wound is simple, safe, and
useful, especially for very superficial surgery. Its utility is
limited mainly by the need for large volumes of local
anesthetic and dosage constraints. It has been shown to
reduce early postoperative pain requirements after a
number of procedures.

PROCEDURES

Herniorraphy

The quality of analgesia after inguinal hernia repair is
comparable with ilioinguinal nerve block or caudal
analgesia.164[II], 165[II], 166[II], 167[II], 168[II] Analgesia
after umbilical hernia repair was also good and little

improved by supplementary ketorolac in one study.169[II]
Bupivacaine plasma levels were within the nontoxic
range after infiltration of 1.25mg/kg following inguinal
herniorraphy.170

Squint (strabismus) surgery

Subconjunctival bupivacaine infiltation was as effective as
retrobulbar block after strabismus surgery.171[II] No
comparisons with the more favored subtenon’s block or
peribulbar blocks are currently available.13

Dental surgery

Buccal (mandibular) bupivacaine or mepivacaine (an
amide-type LA) infiltration was as effective as mandibular
block for conservative dental procedures in children, but
not extraction or pulpotomies.172[II], 173[III], 174[II]

Tonsillectomy

The effectiveness of LA infiltration of the tonsillar bed is
uncertain, a meta-analysis concluded that efficacy was
equivocal and that more trials were required.175[I] Fur-
ther studies have shown benefits including increased time
to first rescue analgesia, lower pain scores, less referred
pain, and earlier oral intake.176[II], 177[II], 178[III], 179

[III], 180[II] Pain after tonsillectomy is a difficult clinical
problem and the severity may relate to the technique of
surgery and the experience of the surgeon.181, 182 Pain
after tonsillectomy persists for several days; it has also
been suggested that children who received LA infiltration
experienced less early postoperative pain but more pain
later, clearly this requires further investigation.183

Simple nerve blocks for minor and intermediate
surgery

INGUINAL BLOCK

The ilioinguinal and iliohypogastric nerves supplying the
sensory innervation to the groin area are easy to locate
and block, ultrasound improves success rates and reduces
the dose of LA required.184[II], 185 Surgical exploration of
the inguinal region includes herniorraphy, ligation of
patent processus vaginalis, and orchidopexy. The scrotum
is also innervated by the genital branch of the genito-
femoral nerve and so additional analgesia may be required
following a scrotal incision for orchidopexy. Plasma levels
of bupivacaine and ropivacaine following ilioinguinal
block have been measured, uptake is more rapid with
bupivacaine but concentrations were below toxic levels
following 1.25–2 and 3mg/kg, respectively.170, 186, 187, 188

Reported complications include quadriceps weakness due
to femoral nerve block and, rarely, inadvertent colonic
perforation.189, 190 No difference in voiding interval was
found between patients who had ilioinguinal block or
caudal epidural block.191[II]
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Herniorraphy

Ilioinguinal block is as effective as LA wound infiltration/
installation and caudal epidural analgesia.192, 193, 194[III]

Orchidopexy

Some studies have shown that ilioinguinal block is
effective for orchidopexy pain193[III], 192 but caudal
analgesia may be superior.195[II], 196

PENILE BLOCK (DORSAL NERVE BLOCK)

The distal one-third of the penis is supplied by the dorsal
nerves, which can easily be blocked. Analgesia is suitable
for surgery on the urethral meatus, circumcision, and
minor hypospadias repair. For pain in the postoperative
period, the block has been compared to subcutaneous
ring block and caudal epidural block. Penile block has
been advocated for the procedural pain of awake neonatal
circumcision. Plasma bupivacaine and lidocaine after
dorsal nerve block have been compared and found to be
well below toxic levels.197 Reported complication rates are
low, but may include bruising or hematoma at the site of
injection, occasionally leading to venous compression and
swelling.198, 199 Gangrene of the penis has been reported
secondary to a large hematoma, and ischemia was
observed following the use of an epinephrine containing
solution, which is therefore contraindicated.200, 201

Circumcision

Dorsal nerve block is effective for postcircumcision
pain.202, 203[I] It has been shown to be more reliable than
subcutaneous ring block,204[II] and is similar in efficacy
to caudal analgesia.202, 205, 206[II]

Many studies have investigated dorsal block for neo-
natal circumcision without general anesthesia. It is more
effective than topical LA, sucrose, or placebo.207[I]

INFRAORBITAL NERVE BLOCK

The infraorbital nerve supples the upper lip, lower eyelid,
and adjacent skin of the cheek and nose. Unilateral or
bilateral infraorbital nerve block can provide analgesia
after cleft lip surgery and superficial surgery in the mid-
face.208[IV] It has been shown to be feasible and effective
following cleft lip repair for neonates, infants, and chil-
dren.209, 210, 211[II] Two approaches are possible, intraoral
and subcutaneous. Intraoral block with 0.125 percent
bupivacaine was superior to local infiltration with the
same solution in infants and children aged 4–20
months.210[II]

BRACHIAL PLEXUS BLOCK

Pain after surgery on the hand and forearm can be
achieved by block of the brachial plexus using a number

of techniques. The brachial plexus is easily and safely
accessed by the axillary approach with an acceptable
failure rate of 2–6 percent in prospective and retrospective
studies.212[IV], 213, 214[II] Catheter techniques prolong
the block and neurological outcome is similar to single
injection.215[IV] This approach has also been used for the
procedural pain of forearm fracture reduction.216[II], 217

Infraclavicular218[III], 219, 220[IV] approaches are also
feasible.

FEMORAL NERVE BLOCK/FASCIA ILIACA COMPARTMENT
BLOCK

The upper anterior aspect of the thigh is supplied by the
femoral nerve, lateral cutaneous nerve of thigh, and the
obturator nerve. Block of the femoral nerve alone or
combined with block of the lateral cutaneous nerve has
been advocated for superficial procedures of the ante-
rolateral thigh such as skin grafting or muscle biopsy, and
also for the pain of fracture of the femur. More complete
analgesia in this region is obtained by a single injection as
first described in adults, i.e. Winnie’s ‘‘3 in 1’’ block. This
approach may be less effective in children because of lim-
ited spread of the local anesthetic.221[II] The fascia iliaca
‘‘compartment block’’ reliably blocks the femoral nerve and
concurrently achieves lateral cutaneous nerve block in 90
percent of children and obturator nerve block in 75 per-
cent, continuous infusions of bupivacaine 0.01 percent
were effective with acceptable plasma levels.221, 222[IV]

CAUDAL EPIDURAL BLOCK

Caudal analgesia is frequently used in pediatric post-
operative pain management with a well-established and
extremely important role in postoperative pain relief for
surgery in the lower abdomen, perineum, and lower
limbs. The caudal approach to the epidural space is
technically easy in children, and is described in detail
elsewhere. It is also one of the most studied of all local
anesthetic techniques in children, where it has been found
to be safe and effective in several large series including
children of all ages, including neonates.223, 224, 225[III]

The spread of local anesthetic solution, and hence the
extent of analgesia, is related to the volume injected and
the age or weight of the patient. Several formulae have
been developed: a modification of that suggested by
Armitage226 and given in Table 27.6 is simple and easy to
remember. Of course, such calculations are only estimates
and interindividual variation is to be expected. The
pharmacokinetics of caudal local anesthetics in children
have been studied; plasma concentrations of bupivacaine,
levobupivacaine, and ropivacaine remain within safe
limits after single caudal injection of 2mg/kg at all
ages.227, 228[II]

The complications of caudal analgesia can be mini-
mized by meticulous attention to technique: the most
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important are vascular puncture, dural puncture, and
inadvertent intravascular or intradural injection. Epidural
infection has not been reported following single caudal
local anesthetic injections.

Unwanted motor block is greater with bupivacaine,
particularly at concentrations of 2.5mg/mL or greater,
both levobupivacaine or ropivacaine 2mg/mL result in
acceptably low incidences.145, 229[II] Caudal analgesia has
been associated with a small but statistically significant
delay in the passage of urine after surgery when compared
with penile block or subcutaneous ‘‘ring block’’ for cir-
cumcision.202, 230, 231[II] However, in comparison with
ilioinguinal block for hernia repair or orchidopexy, caudal
analgesia was not associated with a delay in micturition,
interestingly some patients in this study did not void for
eight hours following surgery.191[II] Delay in the passage
of urine may occur following surgery, and the time to first
micturition is very variable. Analgesia is one of many
factors that may influence time to first micturition
including recent fluid intake, site of surgery, anesthesia,
and the duration of the procedure.

Analgesic combinations for caudal analgesia

A number of drugs have been added to the local anes-
thetic in an attempt to prolong analgesia including
opioids, ketamine, clonidine, neostigmine, and mid-
azolam, all these ‘‘adjuncts’’ appear to improve efficacy
and prolong the duration of the technique.232[II], 233, 234,
235[II] Preservative-free solutions of opioids, usually
combined with local anesthetic, are frequently infused
into the epidural space following major surgery. Single
doses of caudal epidural morphine can produce pro-
longed but modest improvements in analgesia. Small but
real risks of early or delayed respiratory depression, and
the introduction of higher rates of PONV and itching
have limited their use, and so caudal opioids are not now
generally recommended following minor procedures or
for day-case surgery.236 S-ketamine and clonidine have
been used in a number of studies, alone or in combina-
tion with local anesthetic; they are undoubtedly effective
but there is insufficient information regarding their
potential for adverse effects, particularly possible spinal
neurotoxicity, to allow unqualified recommendations
for their use, nor for the less studied midazolam and
neostigmine.236, 237[I]

Complex nerve blocks for major surgery

INTERCOSTAL BLOCK

Intercostal nerve blocks have been used extensively in
adult practice, particularly following subcostal incisions
for cholecystectomy. In children, the use of single and
continuous blocks has been described for post-thor-
acotomy pain and for pain following liver transplanta-
tion.238[II], 239, 240 The pharmacokinetics of intercostal
bupivacaine have been studied in infants and children at
doses of 1.5 and 2.0mg/kg, respectively; peak plasma
levels are reached after ten minutes but were below those
associated with toxicity.241, 242

PARAVERTEBRAL BLOCK

Paravertebral block has been suggested as an alternative to
intercostal, ilioinguinal, or epidural block.243, 244, 245[III]
The paravertebral space bounded by the vertebral body,
costotransverse ligament, and parietal pleura can be
accessed percutaneously or a catheter placed under direct
vision during surgery. Possible advantages of para-
vertebral block may include lack of lower limb motor
block and reduced incidence of retention of urine.

LUMBAR AND THORACIC EPIDURAL BLOCKADE

Epidural analgesia has been shown to have advantages in
both adults and children for postoperative analgesia,
including improvements in the quality of analgesia,
respiratory function, time to first oral intake, mobiliza-
tion, and overall recovery and hospital discharge in cer-
tain circumstances.246, 247, 248[III], 249[III] The technique
of continuous postoperative epidural infusion has
become popular in recent years, and is now used routinely
in most pediatric centers around the world. Epidural
analgesia is suitable for children of all ages who are to
undergo major surgery below the fourth thoracic (T4)
dermatome. It is particularly effective after thoracic,
spinal, thoracoabdominal and abdominal procedures, and
major surgery on the lower limbs.90, 152, 250[II], 248[III]

Epidural insertion, management, and complications

Epidural block is usually performed percutaneously under
general anesthesia either as a single epidural injection or
‘‘single-shot,’’ or more commonly a catheter is inserted
and its tip situated at the required level of analgesia. The
shorter straighter spine and character of the epidural
space in young children will allow catheters to be threaded
to appropriate levels from low (safer and easier) levels of
insertion, for example thoracic epidural catheters can be
threaded from caudal insertion sites in neonates for post-
thoracotomy pain.251[IV] Techniques for epidural inser-
tion including location of the epidural space, positioning
of catheters, and ongoing care are described elsewhere.

Table 27.6 Caudal local anesthetic block volume versus height

of block.

Volume of local anesthetic
solution (mL/kg)

Extent of blockade

0.5 Sacral-pelvic

1.0 Lumbar

1.25 Lower thoracic
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The management of continuous epidural analgesia
requires special monitoring and nursing care in order to
avoid, diagnose, and treat the many possible complica-
tions that can occur.252, 253 Unfortunately there is no
consensus about suitable location, nurse–patient ratio or
minimum standards of monitoring for continuous epi-
dural analgesia; decisions on these matters depend on
local experience and circumstances, and the character-
istics of the patient population. Persistent neurological
complications such as isolated nerve palsies, sensory
deficits, and motor weakness have been reported follow-
ing epidural analgesia in adults and children; they are
thought to relate to accidental nerve injury by epidural
needles or catheters, or pharmacological or technical
errors. Overall incidences are apparently very low with
estimated rates of 1:10,000 or less in major descriptive
series.226, 253

DRUGS IN THE EPIDURAL SPACE

Local anesthetics

Bupivacaine is still the most widely used LA in the epi-
dural space, both for ‘‘single shot’’ and infusion techni-
ques, although it is gradually being replaced by the newer
levobupivacaine or ropivacaine.71 Concentrations in the
range 2.5–0.625mg/mL are the most suitable for children;
dilute solutions of 1.25–0.625 are most commonly used
for infusions. In clinical practice, differences between
racemic bupivacaine, levobupivacaine, and ropivacaine
are small, but levobupivacaine and ropivacaine may be a
little less cardio- and neurotoxic and cause less unwanted
motor blockade at equianalgesic doses.254[II], 139 The
pharmacokinetics of epidural bupivacaine, ropivacaine,
and levobupivacaine have been studied in children.
Infusion of bupivacaine up to 0.4mg/kg/h for several days
in infants and children less than six months of age does
not achieve toxic plasma concentrations, but the recom-
mended dose is reduced to 0.2mg/kg/h in neonates
because of lower clearance and less plasma binding which
may increase susceptibility to toxicity.71 Ropivacaine
shows different infusion pharmacokinetics in that, unlike
bupivacaine, accumulation was not observed over a study
period of 72 hours in the neonate, although plasma levels
were greater than in older children.139, 152 Levobupiva-
caine kinetics have been less investigated, but a 24-hour
study of infusion of 1.25 or 0.625mg/mL solutions in
infants and children older than six months showed
increasing plasma levels throughout the study period,
although remaining well below accepted thresholds for
toxicity.255

Opioid/local anesthetic

Addition of opioid improves the quality of analgesia in
comparison with LA alone but it also introduces a new
spectrum of side effects including itching, nausea and

vomiting, retention of urine, and respiratory depression.
Delayed respiratory depression after (caudal) epidural
morphine has been described and depression of the car-
bon dioxide response curve for 22 hours after adminis-
tration has also been observed.256, 257 Despite these
drawbacks, opioids are frequently added to LA epidural
infusions following major surgery where the benefit of
improved analgesic efficacy favors their use.249, 258[II]
In comparison with intravenous opioids, hydrophilic
opioids such as hydromorphone and morphine appear to
have greater efficacy when used neuraxially than more
lipophilic opioids such as fentanyl.258, 259[II]

SYSTEMIC ANALGESIA

The choice of systemic analgesia will depend on patient
characteristics and the expected pain intensity and post-
operative course. When LA has been used, analgesic
requirements are likely to change once their effects have
subsided. Patients and families should be warned that this
will occur, and clear instructions on further analgesic
management provided.

Opioids, NSAIDS, and paracetamol, usually in com-
bination, form the basis of systemic analgesia after sur-
gery in children. They are also used to supplement LA
techniques, although spinal and epidural opioids co-
administered with systemic opioids are possibly
associated with an increased likelihood of respiratory
depression. The oral route is rarely available immediately
following surgery, after major procedures oral intake may
be delayed for several days and therefore parenteral or
rectal routes must be used.

Parenteral analgesia

Parenteral formulations of paracetamol, some NSAIDs,
and several opioids are available. Paracetamol and
NSAIDs are given by intermittent dosing according to
developmental age and physical size (usually estimated by
weight), opioids can be given in the same way or more
commonly by continuous infusion or using a demand-led
system such as PCA or NCA.

PCA

PCA is feasible for children aged five years or older, there
is a substantial literature describing its efficacy and use for
postoperative pain and many other acute pain situations.
Morphine is the most frequently used opioid for PCA,
many others including fentanyl and tramadol have also
been successfully employed with only minor differences in
efficacy and side effects.129, 260[II] Recently, a novel dis-
posable fentanyl-PCA system using an iontophoretic
transdermal delivery system has been described for use
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in adults, it may also be suitable for older children
and adolescents but has not been studied for this
indication.261

NCA

NCA is a modified continuous morphine infusion using
PCA technology, suitable for children who are too young,
unwilling, or unable to operate a PCA handset. Nurses
can administer supplementary analgesia in prespecified
amounts on the basis of pain assessments or prior to
painful procedures. NCA is convenient, increases flex-
ibility, total morphine consumption, and parent and
nurse satisfaction with analgesia.105[V]

PONV

Nausea and vomiting is a major cause of morbidity after
both major and minor surgery. Its causes are multi-
factorial, it is more frequent after strabismus correction,
tonsillectomy, and other head and neck procedures and
when opioids are used intra- or postoperatively.262 It is
not associated with preoperative anxiety, but may be
greater in children who suffer from motion sickness.263

[III], 264[III]
Children who are identified as ‘‘at risk’’ should be given

prophylactic antiemetic therapy with dexamethasone or a
5HTantagonist.262 PONV treatment is with either drug in
the first instance, unless previously used for prophylaxis,
and if this is unsuccessful combination therapy includ-
ing second-line antiemetics such as dimenhydrinate,
cyclizine, or perphenazine should be tried.262, 265

PROCEDURAL PAIN

Diagnostic and therapeutic procedures such as vene-
puncture, insertion of intravascular and other catheters,
insertion and removal of drainage tubes, lumbar punc-
ture, bone marrow aspiration, immunization, and injec-
tions into joints are painful and potentially difficult to
manage. Management of procedural pain in the neonate
has been particularly identified as a clinical problem.266

Inadequate treatment of pain for a procedure will also
have implications for subsequent treatments, and man-
agement may become progressively more difficult.13, 267

Pain management for procedures should include both
pharmacological and nonpharmacological strategies
whenever possible; developmental differences in the
response to pain and analgesia should be taken into
account when planning analgesia and sufficient time
should be allowed for analgesic drugs and other strategies
to be effective.13, 268 Sedation may also be required in
some circumstances and for some children, particularly
the very young and uncooperative, there is little

alternative to general anesthesia which is quick, safe, and
effective but requires special facilities and personnel.

Psychological and complementary therapies

Psychological interventions have an important place in
the management of procedural pain, often in combina-
tion with simple measures such as topical LA. Distraction,
hypnosis, and cognitive-behavior therapy have all been
shown to be effective for needle-related pain in chil-
dren.269[I] They are reviewed in Chapter 16, Psychologi-
cal interventions for acute pediatric pain.

Complementary therapies such as transcutaneous
electrical nerve stimulation (TENS), acupuncture, aro-
matherapy, and massage therapy may also have a role
although randomized controlled comparisons with
standard treatments in children are not available.270

Procedural pain in the neonate

Strategies for the management of procedural pain in the
neonate have been relatively well studied, although there are
concerns that this has not led to sufficient improvement in
clinical practice.266, 271, 272 A number of guidelines, reviews,
and policy statements have been published in recent years
providing detailed guidance on this issue.13, 273, 274

Breast feeding, sucrose, and to some extent non-
nutritive sucking have been shown to be effective for brief
painful procedures such as venepuncture.159, 275, 276[II]
Topical LAs such as EMLA and amethocaine gel are also
effective for minor needle-related pain including vene-
puncture and lumbar puncture, but are insufficient to
blunt the pain response to heel-lancing when used in
isolation.277, 278[II] Nonpharmacological strategies that
may also be beneficial in procedure pain management for
neonates include tactile stimulation, swaddling, and
‘‘facilitated tucking’’ for which there is some limited
evidence of efficacy.279, 280[I]

Procedural pain in infants and older children

Painful procedures, particularly needle-related pain such
as for blood sampling or suture of lacerations, are often
identified by children and their families as one of the
most distressing aspects of medical care. Psychological
preparation prior to the procedure can help to reduce
anxiety, nonpharmacological strategies such as distrac-
tion, guided imagery, or hypnosis reduce pain behavior
and can be combined with pharmacological analgesic,
for example topical LA for many needle-related
procedures.269[I], 281[II]

Nitrous oxide inhalation using a demand-valve
self-administration apparatus has become popular for
procedural pain in children who are old enough to
cooperate.158, 282 Entonox is supplied as a premixed
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compressed gas mixture of 50 percent nitrous oxide in
oxygen, it has been used for needle-related pain, painful
dressing changes, and for removal of chest drains. An
important safety aspect of self-administration of Entonox
is that should sedation occur, the patients grip on the
mouthpiece or facemask is relaxed and inhalation stops.
‘‘Free flow’’ administration of nitrous oxide mixtures and
higher concentrations of nitrous oxide are more likely to
be associated with loss of consciousness and are not
widely recommended or used.
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KEY LEARNING POINTS

� Older patients may have higher pain thresholds and

therefore the early ‘‘warning sign’’ of pain, indicating an

underlying pathological process, may be diminished or

lost.
� The assessment of pain and the effectiveness of

analgesic therapies may be more difficult in the elderly

patient due to differences in reporting, measurement,

and cognitive impairment.
� The cognitively impaired patient is at greater risk of

undertreated acute pain.
� Most of the commonly used unidimensional measures of

pain can be used in the elderly patient although the

Verbal Descriptor Scale (VDS) and Numerical Rating

Scale (NRS) appear to be preferred; the former is

probably more reliable in patients with mild to

moderate cognitive impairment.

� Compared with younger patients, older patients need

less opioid to achieve the same degree of pain relief,

although there is still a wide interpatient variation in

the dose required. This is probably more related to

pharmacodynamic changes in the elderly patient rather

than age-related physiological changes.
� Paracetamol is the preferred nonopioid analgesic in the

elderly patient; nonsteroidal anti-inflammatory drugs

(NSAID) and cyclooxygenase (COX)-2 inhibitors should

be used with caution.
� The risk of side effects from tricyclic antidepressant and

anticonvulsant agents is higher in the elderly patient.
� The elderly patient may be at increased risk of side

effects associated with epidural analgesia; this risk can

be reduced with appropriate catheter placement and

age-based dose/infusion regimens.

INTRODUCTION

In most countries of the world the proportion of elderly
people in the population is increasing. Many will suffer
from pain due to trauma, cancer, or surgery, or develop
acute pain from other medical conditions, including
diseases that disproportionately affect the elderly, such as
arthritis, herpes zoster, and atherosclerotic peripheral
vascular disease. Advances in anesthetic and surgical
techniques have also meant that increasingly older
patients now undergo surgery that was once considered to

carry a prohibitive risk (e.g. major orthopedic, thoracic,
cardiac).

Up to 75 percent of elderly patients report inadequate
pain relief after surgery.1 Many factors may combine to
make effective control of pain more difficult than in the
younger patient. These include:

� coexisting diseases and concurrent medications,
increasing the risk of disease–drug and drug–drug
interactions;

� social and environmental factors;



� diminished functional status and physiological
reserve;

� age-related changes in pharmacokinetics and
pharmacodynamics;

� altered pain responses;
� difficulties in the assessment of pain, including

problems related to cognitive impairment.

Many of these factors also make it more important to
treat pain effectively in the older patient. While more
likely to suffer from the complications of any pain
treatment,2 the elderly are also at higher risk of adverse
consequences from surgery and from undertreated acute
pain, including chest infection, myocardial ischemia and
infarction, and thromboembolic complications.2, 3 Given
the trend towards ever more aggressive surgery in the
elderly, they may be particularly likely to benefit from
good pain relief, as better analgesia may reduce the risk of
these complications.4, 5, 6

Much of the literature concerning acute pain man-
agement in the elderly patient centers on the treatment of
postoperative pain, but the principles can be applied to
the management of acute pain from any cause.

CHANGES IN PHARMACOKINETICS AND
PHARMACODYNAMICS

In this section, discussion centers on opioids, in view of
their widespread use as analgesic agents in the manage-
ment of acute pain, although some comments on other
analgesic drugs are also included. In all patients, including
the elderly, opioids are characterized by considerable
inter- and intrapatient variability in their pharmaco-
dynamics and pharmacokinetics.7 Optimal analgesia can
therefore only be obtained by titration to effect for each
patient (see below under Titration of opioids).8

Dose response in the elderly

Compared with younger patients, older patients need less
opioid to achieve the same degree of pain relief. In the
clinical setting (reviewed below under Opioid dose), there
is evidence of a two- to four-fold decrease in morphine
requirements.9, 10 In a review of the kinetic and dynamic
aspects of aging it has also been suggested that doses of
fentanyl, alfentanil, sufentanil, and remifentanil should be
reduced by up to 50 percent.11, 12

Systemic pharmacokinetics

A number of studies have measured the blood con-
centrations of analgesic drugs in young and elderly
patients to test for age-related changes in systemic
pharmacokinetics.

After parenteral administration, initial blood con-
centrations of morphine tend to be higher in the elderly
patient,13, 14 an observation usually interpreted as a
reduced central distribution volume but also consistent
with a change in cardiac output (see Table 28.1). Indeed,
general anesthesia with halothane, which lowers cardiac
output, has been associated with a trend to increased peak
blood concentrations of morphine.15 In addition, mor-
phine clearance appears to be reduced in the elderly.13, 14

However, a reduction in apparent distribution volume
may mean that this does not result in an increase in the
elimination half-life.14, 16

For fentanyl, there appear to be few differences in the
systemic kinetics in the elderly,17 although a prolonged
elimination phase due to reduced clearance has been
reported.18 Blood concentrations tend to be slightly
higher soon after administration in the elderly, suggesting
caution with rapid intravenous (i.v.) administration may
be warranted.

Remifentanil is unique amongst the clinically used
opioids in that it is metabolized by esterase enzymes
widely distributed in the body. Its systemic pharmacoki-
netic properties are therefore little changed by extremes of
age or renal or hepatic dysfunction.19

The clearance of the local anesthetic lidocaine (lig-
nocaine) is reduced with age,20 but this change in sys-
temic kinetics may be over-shadowed by age-related
changes in absorption rate in typical clinical use (see
below under Opioid metabolites). Clearance of bupiva-
caine21 and ropivacaine22 is also reduced in older patients.

ORAL ABSORPTION

Using paracetamol (acetaminophen) as a marker, it has
been shown that the rate of gastric emptying and
absorption of orally administered drugs does not change
substantially with age.23 Furthermore, there is some evi-
dence to suggest that the active transport system limiting
the absorption of some drugs from the gut is not affected
by age.24 However, the bioavailability of drugs may still be
changed in the elderly, as it is the net process of both
absorption and first-pass metabolism in the liver. Those
factors acting to reduce hepatic clearance (see below
under Increasing body fat/decreasing muscle mass) will
cause corresponding increases in bioavailability leading to
relatively higher blood concentrations of some orally
administered drugs.25

ABSORPTION VIA NON-ORAL ROUTES

Intramuscular (i.m.) and subcutaneous (s.c.) routes of
opioid administration are common in acute pain man-
agement. The i.m. absorption of drugs of moderate (e.g.
morphine) to high (e.g. diazepam) lipophilicity is rapid
and complete, and unaffected by age.26, 27 The s.c. route
has been little studied, but s.c. absorption appears to be
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Table 28.1 The direction and approximate magnitude of physiological changes apparent in an elderly population (470 years) and the effects of individual changes on pharmacokinetic variables.

Physiological process Magnitude Likely kinetic/dynamic consequence Dose strategy

Whole body

Cardiac output k 0–20% k Central compartment volume Smaller initial bolus dose

m Peak concentrations after bolus Slower injection rate

Fat m 10–50% then k Drug specific changes in distribution volume Drug specific – dose based on total body weight or lean body

weight

Muscle mass/blood flow k 20%

Plasma volume Little change

Total body water k 10% k Distribution volume (water-soluble drugs)

Plasma albumin k 20% m Free fraction of drug Potential for changes in clearance and oral bioavailability

Alpha-glycoprotein m 30–50% 2 Hepatic clearance of high-extraction drugs Potential for changes in cerebral effects

Drug binding Drug specific m Hepatic clearance of low extraction drugs

m Cerebral uptake of drug
Liver and gut

Liver size k 25–40% k Hepatic clearance of high-extraction drugs Minimal effect on i.v. bolus

Hepatic blood flow k 25–40% 2 Hepatic clearance of low extraction drugs k Maintenance dose

Potential for changes oral bioavailability

Phase I (e.g. oxidation) k 25% k Hepatic clearance (some low extraction drugs) Minimal effect on i.v. bolus

Phase II Little change k Maintenance dose

Potential for changes in oral bioavailability
Kidney

Nephron mass k 30% k Clearance (polar drugs) k Maintenance dose (renally cleared drugs)

Renal blood flow k 10% per decade Little effect on opioids (parent compound) Assume, and monitor for, accelerated accumulation of polar

active (M6G) or toxic (M3G, norpethidine) metabolites

Plasma flow at 80 years k 50% k Clearance of some active metabolites (e.g. M6G).

Glomerular filtration rate k 30–50%

Creatinine clearance k 50–70%

CNS

Cerebral blood flow and metabolism k 20% k Distribution to the CNS Little net effect

Cerebral volume k 20% k Apparent volume in the CNS

Active BBB transport (efflux) k (Drug specific) m Apparent volume in the CNS k Bolus dose during titration

m Apparent increase in CNS sensitivity k Maintenance dose

Pain threshold/sensitivity Little change Need for titration unchanged

Concentration response (opioids) m 50% for some opioids m Response to opioids k Bolus dose during titration

k Maintenance dose

Note that the net effect of these changes on drug disposition may be minimal (see text). M6G, morphine-6-glucuronide; M3G, morphine-3-glucuronide.



relatively rapid and complete in the elderly,28 and con-
tributes no more than other kinetic processes to the
variability of the blood concentrations of morphine seen
in these patients.7

The use of local anesthetics by infiltration, nerve block,
epidural, or intrathecal routes is important for pain
management. It has been shown that an epidural dose of
levobupivacaine produces a higher block and is char-
acterized by faster but less complete absorption in the
elderly.29 In some older patients, epidural injection of
bupivacaine produced maximum blood concentrations
within five minutes, which may be a consequence of the
patient’s age. A study of ropivacaine kinetics after epi-
dural administration showed a slight reduction in the
initial fraction absorbed, a reduction in clearance and an
increase in elimination half-life in older patients. How-
ever, the changes in blood concentrations with age were
considered unlikely to increase the risk of toxicity.22

CEREBRAL DRUG UPTAKE

As most potent analgesics are centrally acting, the rate
and extent of their passage from the blood into the central
nervous system (CNS) (brain and spinal cord) may
influence their clinical behavior.30 It is now recognized
that there are both passive and active components to the
cerebral uptake of drugs. With respect to passive uptake,
important factors are the lipophilicity of a drug and its
protein binding in blood,31 which affect the distribution
volume in the brain. Low distribution volumes imply
rapid brain:blood equilibration and relatively less drug in
the brain. With age it is known that the size of the brain
decreases by up to 20–40 percent and that there is a
concomitant decrease in cerebral blood flow. However, if
cerebral kinetics are flow limited, as is the case for
pethidine (meperidine) and alfentanil,32 the rate of
brain:blood equilibration will be proportional to the ratio
of cerebral distribution volume to cerebral blood flow. As
both appear to change in unison with age, the cerebral
kinetics of these opioids should be relatively unaffected by
age. Of more importance may be the changes in plasma
protein concentrations in the elderly (see below under
Altered protein binding) that could potentially affect the
cerebral distribution of drugs that are highly protein
bound.

With respect to active processes, it is known that a
limited number of drugs (typically endogenous com-
pounds or their analogs) are actively taken into the brain.
The activity of these uptake processes may be reduced
with age.33 In contrast, a number of important drugs (e.g.
morphine, methadone) are actively removed from the
brain by efflux transporter proteins such as P-glycopro-
tein and multidrug resistance protein (MRP).34 In theory,
the brain concentrations of such transported drugs are
subject to the activity of the transporters, their potential
inhibition by competing compounds, and disruptions to

the blood–brain barrier. There appears to be a modest
reduction in P-glycoprotein activity in the elderly leading
to higher drug concentrations in the brain,35 and it has
been postulated that some neurodegenerative diseases
associated with aging are linked with reductions in efflux
transporter activity.36 However, the implications of these
findings for drug therapy in the elderly are largely
unknown.

Physiological pharmacokinetics and aging

Aging is associated with a number of physiological changes
that have been relatively well documented.11, 24, 37, 38 These
changes are summarized in Table 28.1. Pertinent points are,
first, that the physiological changes are progressive, but that
their rate of onset can be highly variable between indivi-
duals. Second, it is important to recognize that the changes
in Table 28.1 are generally those attributable to aging alone,
but that these can be compounded by the higher incidence
of degenerative and other diseases in the elderly. Therefore,
for example, while a decrease in cerebral volume appears to
be an inevitable result of aging, recent data would suggest
that decreases in cardiac output or fluid volumes reflect
concomitant disease. It would be rare to find a cohort of
elderly patients whose physiological condition could be
attributed to aging alone. This will inevitably complicate
the interpretation of kinetic studies comparing young and
elderly patient groups. The physiological changes associated
with aging that are of most pharmacokinetic significance
are as follows.

CARDIAC OUTPUT

Recent studies of drugs other than opioids have shown
that cardiac output is itself an important pharmacokinetic
parameter, particularly after administration of an i.v.
bolus dose. During injection, the i.v. bolus of drug is
added to a flowing stream of blood. This is then mixed
with other drug-free blood until the dose is effectively
diluted in a stream of blood in the pulmonary artery,
flowing at a rate determined by the cardiac output. The
higher the cardiac output, and therefore the greater the
volume of blood per unit time to which the drug has been
added, the lower the peak concentration achieved, and
vice versa. This dilution effect with cardiac output may be
retained in arterial blood, even after first-pass passage of
the drug through the lungs. Consequently, the initial high
arterial concentrations observed in the first few minutes
after administration of a bolus dose of drug is a function
of this dilution with cardiac output and the kinetics of its
passage through the lungs.39 This phase of elution of drug
from the lungs is traditionally, but erroneously, attributed
to the removal of drug from the ‘‘central volume.’’

Given their fundamental basis, these kinetic principles
are likely to apply to opioids. Thus, it would be predicted
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that the 0–20 percent reduction in cardiac output in any
group of elderly patients (Table 28.1) would lead to
higher peak arterial concentrations after administration
of a bolus dose and therefore smaller central volumes by
compartmental analysis. This is supported by observa-
tions in the elderly of higher initial concentrations
immediately after i.v. fentanyl administration.18, 40

HEPATIC CLEARANCE

The liver decreases in size by 25–40 percent with
increasing age and hepatic blood flow decreases in pro-
portion (Table 28.1). The activity of hepatic enzymes is
unchanged for some phase II pathways, but may be
reduced by up to 25 percent for some oxidative path-
ways.38 Most opioids have relatively high extraction ratios
across the liver. According to the well-stirred model of
hepatic clearance, clearance of opioids by the liver would
be relatively insensitive to the activity of hepatic enzymes
(i.e. they are in excess) but proportional to hepatic blood
flow. Thus, for those drugs with predominantly hepatic
clearance (e.g. most opioids), a 25–40 percent reduction
in clearance could be expected secondary to reduced
hepatic blood flow. In practice, the consequences of this
would range from small, in the case of administration of a
bolus of drug (where peak concentrations and effects are
relatively unaffected by hepatic clearance), to very sig-
nificant, for drugs administered repeatedly or by infusion
to pseudo-steady-state concentrations or drugs that are
administered orally.

By virtue of the inverse relationship between steady-
state blood concentration and clearance, a 25 percent
reduction in hepatic clearance would equate to a 33
percent increase in the steady-state blood concentration,
while a 40 percent reduction would equate to a 67 percent
increase.

RENAL CLEARANCE

The most profound change with age is the reduction in
size and functional capacity of the kidneys. Indeed, it has
been proposed that elderly patients should be considered
renally impaired.37 While few of the opioids have sig-
nificant renal clearance, as they are sufficiently lipophilic
to be reabsorbed, some (e.g. morphine, hydromorphone,
pethidine, tramadol) have relatively polar renally cleared
toxic metabolites that they have significant potential for
accumulation in the elderly. A 50 percent reduction in the
renal clearance of such a metabolite would equate to a
two-fold increase in its steady-state blood concentration.

INCREASING BODY FAT/DECREASING MUSCLE MASS

While age itself is a poor predictor of body composition,41

there are general trends in body composition with age.
Lean body mass is generally constant through early adult

life, and begins to decline after age 60 years. Fat mass
tends to increase during adult life, and also peaks
near 60 years of age.41, 42 There is a tendency for fat in the
elderly to be localized in the abdomen.42 The elderly
patient therefore can range from the obese to the very
frail.

Dose adjustment for obesity (irrespective of age) is a
complex issue43 and reflects the relative changes in dis-
tribution volume of a drug. Drugs that are relatively
water-soluble (e.g. morphine) and distribute into lean
body tissues have relatively unchanged distribution
volumes. Drugs that are lipid soluble (e.g. diazepam,
lidocaine, fentanyl) may have relatively increased dis-
tribution volumes in the obese subject, although adjust-
ments in dose regimens are drug specific.24 It could be
postulated that this increased uptake into fat could con-
tribute to a more rapid decline in blood concentration
after administration of a bolus dose, which may offset any
reduced hepatic clearance. Indeed, the kinetics of fentanyl
appear to be relatively unaffected by aging.40

ALTERED PROTEIN BINDING

There is a readily measurable age-related change in the
levels of plasma proteins (Table 28.1). Plasma albumin
decreases by up to 20 percent and is linked with sarco-
penia and poor nutrition,44 whereas alpha-acid glyco-
protein increases by 30–50 percent.45 The consequences of
these changes have been considered by Shafer11 and
depend to which protein the drug is predominantly
bound. The major consequences of altered protein bind-
ing in the context of pain management are changes in
clearance and changes in distribution volumes in target
organs such as the CNS. The latter was discussed above
under Cerebral drug uptake. The clearances of drugs with
high hepatic extraction ratios (e.g. morphine, fentanyl,
alfentanil) are relatively unaffected by changes in protein
binding. Those with low hepatic extraction ratios (e.g.
methadone, diazepam) may have a clearance that is
dependent on protein binding and hence age. This has
been confirmed for diazepam, which shows an age-related
decrease in clearance of free but not total drug.46

Pharmacodynamics

There have been relatively few studies of pharmacokine-
tic–pharmacodynamic relationships for opioids, and most
have used a surrogate measure of effect other than clinical
pain relief. Scott and Stanski17 analyzed the effects of
fentanyl and alfentanil on the electroencephalogram
(EEG) and concluded that the kinetics of these opioids
were unaffected by age, but that the sensitivity of the
brain to opioids was increased by 50 percent. Similar
results have been reported with remifentanil.12 This is the
best available evidence of a substantial pharmacodynamic
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component to the reduction in opioid dose requirement
in the elderly.

It is not clear whether this can be attributed to changes
in the number or function of opioid receptors in the CNS,
or whether it is due to an increased penetration of opioids
in the CNS. Changes to the CNS with age include
reductions in the density of neurons, neurotransmitters,
and receptors, which may predispose the elderly to
increased drug sensitivity (see later under Anti-
convulsants).38, 47

Simulations

The quantitative consequences of the physiological
changes listed in Table 28.1 are difficult to predict with-
out recourse to physiological models that incorporate
drugs kinetics in individual tissues. Such models have
been proposed for several opioids, but only Bjorkman et
al.48 have used a model to simulate the kinetic con-
sequences of aging. Their simulations predicted that age-
related changes in physiological state will have only a
minor influence on the kinetics of fentanyl and alfentanil.

To explore this further, we used the simplest physio-
logical model of fentanyl reported by Bjorkman et al.49

and simulated the arterial and CNS concentrations
expected in young and old patients based on the phy-
siological changes summarized in Table 28.1. This
approach is based on the premise that CNS concentra-
tions of opioids are temporally related to the time-course
of their clinical effects30 and that there is (for a given
patient at a given time) a minimum effective analgesic
concentration (MEAC) in the CNS.

The simulations were of the administration of fentanyl
by bolus dose (Figure 28.1) and infusion (Figure 28.2).
In agreement with Bjorkman et al., the time-courses of
the arterial blood concentrations, particularly after the
bolus dose, did not differ substantially with age. This
concurs with studies showing only minor kinetic changes
with age for fentanyl.40 In the above analysis, the cerebral
kinetics of opioids were not predicted to differ greatly
with age as cerebral blood flow and volume decreased in
unison. It is therefore not surprising that there were only
minor changes in the predicted time-courses of CNS
fentanyl concentrations between young and old patients
in these simulations. This analysis assumes that any active
transport of fentanyl in the brain of man could be
ignored.50 Thus, in order to account for the 50 percent
reduction in dose requirements in the elderly, the MEAC
must be reduced.

This was carried out empirically in the simulations,
but it is consistent with the 50 percent reduction in brain
sensitivity reported by Scott and Stanski.17 An important
corollary is that the time to peak concentrations and
effect did not differ between the young and old. This is
consistent with the clinical observation that analgesia in
elderly patients can be obtained by titration of smaller

doses than those required by younger patients, but with
the same dose interval.8

While the intention is to examine the contribution of
age-related kinetic changes to clinical observations, it is
important to recognize that such simulations are based on
mean physiological data and are not representative of any
individual patient. The changes in pharmacokinetics and
pharmacodynamics in the elderly can be summarized as:

� a physiological decline with age that is progressive
but variable;

� decreases in cardiac output and hepatic and renal
drug clearance;

� two- to four-fold reductions in opioid requirements;
� physiological changes associated with aging that may

produce higher drug concentrations but are not
sufficient to account for the magnitude of these dose
reductions;

� a need for reduced doses in the elderly that appears
to have a significant pharmacodynamic component.

CHANGES IN PAIN PERCEPTION

A number of structural, neurochemical, and functional
changes have been observed in the peripheral and CNSs of
elderly patients (Table 28.2), including areas involved in
nociceptive processing.51 Some of these changes may
place the older patient at greater risk of harm, because the
presence of pain as an indicator (a ‘‘warning sign’’) of an
underlying pathological process may be reduced. Other
changes may make it more difficult for the patient to
tolerate pain once it has occurred.

In the experimental setting, changes in pain thresholds
and pain tolerance have been reported in the elderly,
although the results are inconsistent. This may be partly
due to the methodologies used53 and/or that reported
differences in pain can depend on the pain scale used in
elderly patients.54 In general, it seems that thresholds to
pain using thermal stimuli are increased; results involving
mechanical stimuli are equivocal; and electrical pain
thresholds appear not to change51 unless the stimulus
duration is kept short.53 Increased pain thresholds could
mean that there is some deterioration in the early warning
function of pain as there is less time between the first
perception of pain and tissue damage.51

While the significance of these results in the clinical
setting remains uncertain, there are a number of clinical
reports which are in general agreement with these
experimental findings. These reports show that the pre-
sentation of some acute disease states that are usually
associated with severe pain may differ in the elderly, with
pain reported later, less frequently, or not at all.

For example, in patients with angina exercised to pro-
duce a 1mm ST depression, onset of pain was reported
later in elderly patients compared with younger patients
matched for disease severity and medications.55, 56
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Precordial chest pain and arm pain are also less likely to be
presenting complaints in an elderly patient with acute
myocardial infarction and ‘‘silent’’ myocardial infarcts are
more common.57, 58, 59, 60

Similarly, elderly patients are less likely to report
abdominal pain, for example with peritonitis, intestinal
obstruction, diverticulitis, and gastrointestinal ulcera-
tion.52, 59, 61 Not surprisingly, atypical pain presentations
or lack of pain in association with underlying pathology
may lead to significant delays in diagnosis.59

Similar results have been noted in other acute pain
settings. Elderly patients may report less postoperative
pain than their younger counterparts when matched for
surgical procedure.54, 62 Thomas et al.62 documented a 10
to 20 percent decrease in pain intensity each decade after
the age of 60 years. Procedural pain may also be less, for
example on insertion of an i.v. cannula.63

Studies looking at age-related changes in pain toler-
ance are more limited but generally show that tolerance is
reduced in elderly people,51 meaning that they are less
able to tolerate severe pain.

ASSESSMENT OF PAIN

While measures of pain are important, pain assessment
must start with a basic pain history. The history should
also be repeated whenever necessary (for example, if the
pain is not well controlled or changing in nature), as
changes in treatment may be required. Assessment of
other factors that may play a role in the amount of pain
experienced or reported are also important (see below
under Reporting of pain).

The assessment of pain and evaluation of pain relief
therapies in the elderly patient may present problems
arising from differences in reporting, cognitive impair-
ment, and difficulties in measurement.

Reporting of pain

Physiological, psychological, and cultural changes asso-
ciated with aging may result in differences in the
reporting of pain. These include fear, anxiety, depression,
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Figure 28.1 An attempt to account for the kinetic and dynamic

basis of clinical observations following the bolus administration of

100 mg fentanyl over 0.5 minutes to 20-year-old (young) and 70-

year-old (elderly) individuals. The physiological model of Bjorkman

et al. was used to simulate arterial and CNS fentanyl

concentrations. Physiological changes to account for aging were a

20 percent reduction in the size (and flows) to the brain, heart, and

muscle mass, a 37.5 percent reduction in liver mass, a 50 percent

reduction in kidney mass, and a 30 percent increase in body fat.

Together, this produced a 21 percent decrease in cardiac output,

and hepatic clearance decreased from 0.8 to 0.54 L/min. It was

assumed that the CNS kinetics of fentanyl were flow limited, that

the CNS concentrations of opioids were temporally related to the

time-course of their clinical effects, and that there was an MEAC

in the CNS.30 (a) The predicted arterial concentrations in the young

and the elderly. There were only minor changes in the time-course

of arterial concentrations. (b) The time-course of the apparent CNS

concentrations of fentanyl in the young with an MEAC of 0.9 ng/mL

(dotted line) chosen to be consistent with fentanyl producing 0.5

hours of analgesia. (c) The time-course of the CNS concentrations

of fentanyl in the elderly. Peak CNS concentrations occurred at the

same time as the younger patient but were slightly higher. A 50

percent reduction in the MEAC (dotted line) was required to

produce the two-fold longer duration of action observed in the

elderly.
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cognitive impairment, the implications of the disease, loss
of independence, feelings of isolation, the quality of social
support available, culture, and family.64 The elderly may
see pain as a normal part of aging,65 as will some of their

carers. If the situation is potentially painful, the patient
should be assumed to be in pain, even though they may
not volunteer any complaint of pain.

COGNITIVE IMPAIRMENT

Cognitive function declines with age. Cognitively
impaired patients are known to be at greater risk of
undertreatment of acute pain.66, 67, 68 In the studies by
Feldt et al.68[III] and Forster et al.,66[III] cognitively
impaired elderly patients received significantly less opioid
analgesia than cognitively intact patients after a hip
fracture.

Morrison and Siu,67[III] in a similar group of elderly
patients with hip fractures, also showed that those with
advanced dementia received one-third of the amount of
opioid given to those patients who were cognitively intact.
Of added concern is that 44 percent of the latter group
still reported severe to very severe pain after their surgery.
In another study, these authors have shown that inade-
quate pain relief in cognitively intact patients after hip
fracture is associated with an increased length of hospital
stay, delayed ambulation, and long-term functional
impairment.69[III]

Reported pain intensity and number of pain com-
plaints decrease with increasing cognitive impairment,70,
71, 72, 73 even though these patients are just as likely as
cognitively intact patients of the same age to have painful
conditions or illnesses.70[III] The reasons for this are not
clear and could result from a diminished capacity to
report or memory impairment.73 It is not thought that
patients with dementia experience less pain.70 In a study
by Cole et al.,74[III] functional magnetic resonance ima-
ging (MRI) responses following mechanical pressure sti-
mulation showed no evidence of diminished pain-related
activity in patients with Alzheimer’s disease compared
with age-matched controls, indicating that pain percep-
tion and processing were not diminished in these patients.

In an interesting study looking at the placebo com-
ponent of analgesic therapies, Benedetti et al.75[III]
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Figure 28.2 An attempt to account for the kinetic and dynamic

basis of clinical observations following the infusion (at 1.25mg/
min) of fentanyl for 100 minutes to 20-year-old (young) and 70-

year-old (elderly) individuals. Methods were as for Figure 28.1.
(a) The predicted arterial concentrations after accounting for the

physiological changes associated with aging are described in the

text. The peak arterial concentrations were 22 percent higher in

the elderly after a 300 minute infusion. At steady state, the

reduction in clearance from 0.8 to 0.54 L/min would produce

concentrations 48 percent higher in the elderly. (b) The time-

course of the apparent CNS concentrations of fentanyl in the

young with an MEAC of 0.9 ng/mL (dotted line), as used in Figure
28.1. (c) The time-course of the CNS concentrations of fentanyl in

the elderly after accounting for the physiological changes

associated with aging described in the text. Although the

concentrations are 23 percent higher in the elderly, an approximate

50 percent reduction in MEAC is required to produce the two-fold

increase in analgesia observed in the elderly.

Table 28.2 Structural, neurochemical, and functional changes

associated with aging.51, 52

Changes associated with aging

k Density of peripheral nerve fibers (unmyelinated4myelinated)

m Sensory neuron degeneration (peripheral and spinal cord)

k Nerve fiber conduction velocities

k Levels of substance P (skin and dorsal root ganglia)

Loss of CNS neurons/dendritic connections

Altered neurotransmitter receptor binding/axonal transport

Neurochemical deterioration of opioid, serotonergic and

noradrenergic systems resulting in altered descending

inhibitory and endogenous opioid mechanisms
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studied the effect of both ‘‘overtly applied’’ and ‘‘covertly
applied’’ local anesthetic on pain after venipuncture in
patients with Alzheimer’s disease. They determined that
patients with reduced Frontal Assessment Battery scores
(a measure of frontal executive function) had a reduced
placebo component to their pain relief which, in turn,
reduced treatment efficacy, so that dose increases
were required to produce adequate analgesia. They also
found that reduced connectivity between prefrontal lobes
and the rest of the brain disrupted the placebo compo-
nent and commented that their results emphasize the
active part that cognition and prefrontal lobes play in
therapeutic outcome.

DELIRIUM

A common form of acute cognitive impairment in the
elderly is delirium or confusion, which is associated with
increased postoperative morbidity, impaired post-
operative rehabilitation, and prolonged hospital stays.76

[III], 77[I] Delirium is more common during acute ill-
nesses in the elderly and occurs in up to 80 percent of
elderly postoperative patients, depending on the type of
surgery.77 Risk factors for the development of delirium
include those listed in Table 28.3.76, 77, 78, 79, 80, 81, 82, 83

Measurement of pain

Accurate assessment of pain is necessary for effective
management of pain. As with the younger patient, the

elderly patient’s self-report is the most reliable indicator
of pain (see Chapter 8, Assessment, measurement, and
history).

PATIENT SELF-REPORT MEASURES OF PAIN

In the acute care setting, unidimensional measures of pain
intensity, such as the Visual Analog Scale (VAS), Verbal
Numerical Rating Scale (VNRS) and Verbal Descriptor
Scale (VDS), Faces Pain Scales (FPS) and Numerical
Rating Scale (NRS), a calibrated VAS, are commonly
employed measures of pain. All have been used as effec-
tive discriminators of pain in this patient group.84, 85, 86

In patients using patient-controlled analgesia (PCA)
after surgery, the NRS was the preferred pain scale in both
younger and older patient groups, with high reliability
and validity, although the VDS also had a favorable and
similar profile; use of the VAS in the elderly patients
resulted in high rates of unscorable data and low valid-
ity.87[III] In this study, patients who were confused were
excluded. Similarly, in another comparison of five pain
scales (VAS, NRS, VDS, VNRS, and FPS) in younger and
older patients, the NRS was the preferred scale, but the
VDS was the most sensitive and reliable.86[III]

Scales such as the VDS, using familiar words such as
none, slight, mild, moderate, severe, and extreme, may
also be the most reliable in patients with mild to mod-
erate cognitive impairment.54[III], 65, 70, 84, 85[III], 86[III],
88[III] These patients may need more time to assimilate
and respond to questions, and may require repeated
questioning in order to obtain an accurate answer.2, 84

They are able to report pain reasonably reliably at the
time when asked (present pain) but the recall of pain
experienced over time may be less reliable.68, 70, 71, 72

OTHER MEASURES OF PAIN

In noncommunicative patients, behaviors such as rest-
lessness, tense muscles, frowning, or grimacing, and
patient sounds such as grunting or groaning, have been
used in attempts to assess pain severity. Although some of
these behaviors have been shown to correlate reasonably
well with patient self-report in cognitively intact adults,
this may not be the case in nonverbal adults.73 While
these behaviors may not be able to accurately indicate
pain intensity in patients with severe dementia, they are
probably a reasonable indicator of the presence of pain.89,
90 An added complication in patients with dementia is
that pain behaviors may not be ‘‘typical’’ – for example,
pain may lead to aggression or social withdrawal.70

Pain Assessment in Advanced Dementia (PAINAD) is a
simple, reliable, and validated five-item observational tool
that has been developed to measure pain in patients with
moderate or severe dementia.91, 92[III]

It should not be forgotten that observation of function,
such as the ability to take deep breaths and cough, as well

Table 28.3 Risk factors for delirium.76, 77, 78, 79, 80, 81, 82, 83

Nonpharmacologic risk
factors

Medications

Old age Drugs with central anticholinergic

activity

Preexisting dementia Atropine

Depression Tricyclic antidepressants

Withdrawal from alcohol or

sedatives

Major tranquilizers

Infection Antiparkinsonian drugs

Fluid and electrolyte

imbalance

Some antiemetics

Unrelieved pain Digoxin

Hypoxemia b-blockers
H2 antagonists (e.g. ranitidine)

Ketamine

Opioids (especially pethidine)

Benzodiazepines

Oral hypoglycemics

Antihistamines

NSAIDs

Anticonvulsants
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as tolerate physiotherapy and ambulation, is also impor-
tant and may help to assess adequacy of analgesia.

ANALGESIC DRUGS AND THE ELDERLY

Acute pain is commonly nociceptive, as seen after trauma,
surgery, or myocardial infarction. However, neuropathic
pain may also occur in the acute pain setting, for example,
following nerve injury associated with a fracture, ampu-
tation of a limb, or compression/invasion by a tumor. As
with the younger adult, therefore, a range of analgesic
drugs may be required. The list below is not exhaustive
and patient age may also need to be taken into con-
sideration before other medications are prescribed and
administered.

Opioids and tramadol

Elderly patients require less opioid for the management of
acute pain than younger patients.9[V], 10, 87[V], 93[V]
Details of possible age-related changes in pharmacoki-
netics (see under Systemic pharmacokinetics), pharma-
codynamics (see under Pharmacodynamics), and pain
perception (see under Assessment of pain) have been
discussed above. Also of importance is the enormous
interpatient variability in plasma concentrations that
follow administration of opioids7 and the large inter-
patient variation in the actual blood concentration
required for analgesia. These serve only to highlight the
need for pain management strategies to be adjusted to
suit individual patients.

In general, the safe and effective management of opioid
analgesia requires:

� the use of a suitable drug and drug preparation;
� an awareness of potential problems with metabolites

of opioids;
� age-related dosage schedules, incorporating flexibility

in dose size and dose interval;
� careful titration to effect;
� avoidance of the concurrent use of sedatives;
� recognition and appropriate treatment of opioid-

related side effects.

Titration is especially important in the elderly patient. For
more details see Chapter 3, Clinical pharmacology:
opioids.

SUITABLE OPIOIDS AND OPIOID PREPARATIONS

In general, an opioid with a shorter half-life is preferred as
it allows more rapid and safe titration94[V] and suitable
drugs include morphine, oxycodone, hydromorphone,
and fentanyl.

Pethidine is best avoided because of potential problems
with the metabolite norpethidine95 and the greater risk
of confusion in older patients (Table 28.3), agonist-
antagonist opioids (e.g. butorphanol and nalbuphine) are
generally not recommended because of a higher incidence
of delirium in the elderly,2 and extra caution is required
when using methadone as the half-life can be unexpect-
edly prolonged.64, 96

Tramadol is an atypical centrally acting analgesic. It
has a weak affinity for the opioid receptor and inhibits
norepinephrine (noradrenaline) and serotonin reuptake;
the b-elimination phase is increased in patients with renal
or hepatic impairment.97 In elderly patients (over 75
years) the elimination half-life is also slightly prolonged.98

Daily dose limits of 300mg are suggested in these
patients.99 It is possible that the lower incidence of con-
stipation100 and sedation compared with other opioids
may be of benefit in the elderly patient.101[III]

Care is required when preparations designed to allow a
slow and sustained release of an opioid are used, such as
sustained-release oral morphine or oxycodone prepara-
tions and transdermal fentanyl patches. These prepara-
tions are not suitable for rapid titration, and the
persistent drug concentrations and slow offset can make
any side effects difficult to treat. They are not recom-
mended for acute pain management, at least in the initial
stages, especially in the elderly patient.94[V]

OPIOID METABOLITES

Accumulation of active opioid metabolites (for details see
Chapter 3, Clinical pharmacology: opioids) can occur in
patients with renal impairment or when high doses are
used, especially over a prolonged period. Accumulation of
morphine-6-glucuronide (M6G), a major metabolite of
morphine and a m agonist more potent than morphine,
may contribute to analgesia and m receptor-related side
effects such as sedation. M3G has no affinity for the m
receptor, may antagonize the action of morphine, and may
also be responsible for some of the excitatory effects seen
after administration of high doses of morphine, such as
hyperalgesia, myoclonic jerks, and convulsions.94 Similar
symptoms may be seen with high levels of hydromorphone-
3-glucuronide, the major metabolite of hydromorphone.

Pethidine should be avoided in the elderly because
significant accumulation of the renally excreted active
metabolite, nororpethidine, can occur64 leading to agita-
tion, tremor, twitching, and convulsions.95[III]

Accumulation of the metabolites of dextropropox-
yphene may lead to confusion, delusions, hallucinations,
and cardiotoxicity.94[V] While it has been suggested that
this drug is probably best avoided in older patients,102

such suggestions have largely been based on expert opi-
nion and good evidence about the safety and tolera-
bility of dextropropoxyphene in the older patient is still
lacking.103[I]
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OPIOID DOSE

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. Mor-
phine,9[V], 93[V], 104[V] fentanyl,11[III], 17[V], and
remifentanil12[V] requirements are known to decrease as
patient age increases.

A number of studies have shown that the average
parenteral morphine requirements of a 70-year-old are
around 70 percent less than the requirements of a 20-
year-old patient.9[V], 93[V], 105[V] Following major sur-
gery in opioid-naive patients aged 20 to 70 years, it was
shown that average first-24 hour PCA morphine
requirement (mg) was approximately = 100 – age (years),
although there was up to a ten-fold variation in dose
requirements in each age group.9 The decrease in opioid
requirement is not associated with reports of increased
pain.9, 105

TITRATION OF OPIOIDS

While opioid dose appears to be best predicted by age,
differences in age are not enough to account for the wide
interpatient variation seen in total opioid requirement. In
the elderly, as with any other patient group, subsequent
doses must be titrated to suit individual patient needs.

To enable opioid analgesia to be titrated safely yet
effectively, the following are required:

� appropriate age-related doses and dose intervals (see
examples in Table 28.4);

� measures of pain;
� endpoints that indicate excessive opioid dose,

especially respiratory depression.

Detection of early respiratory depression

The risk of respiratory depression is said to be greater in
older patients106[V] and the fear of causing respiratory
depression in the elderly patient, especially those with
respiratory disease, often leads to inadequate doses of
opioid being given. However, as with other patients, sig-
nificant respiratory depression can generally be avoided if
appropriate monitoring is in place.

It is often assumed that respiratory depression will be
detected by monitoring a patient’s respiratory rate.
However, a decrease in respiratory rate is now known to
be a late and unreliable sign of respiratory depression. In a
review of opioid-related adverse drug reactions before and
after the hospital-wide introduction of a numerical pain
treatment algorithm, it was noticed that significant
oversedation or respiratory depression, which in some
cases led to admission to an intensive care unit and/or the
death of the patient, was almost inevitably preceded by
increasing levels of sedation but, in the vast majority of
these patients, respiratory rate remained above 12 breaths
per minute.107[V]

This has also been noted in patients given epidural
morphine. Ready et al.108[V] reported a series of four
patients aged 57 to 69 given epidural morphine, who,
despite respiratory rates remaining greater than or equal
to eight breaths per minute, developed marked increases
in PCO2. All these patients were noted to be excessively
sedated.

Pulse oximetry is sometimes used as a monitor of
respiratory depression, but this can also be unreliable. In
postoperative patients, hypoxemia is reasonably common.
Both persistent hypoxemia (in particular due to decrease
in functional residual capacity leading to airway closure,
ventilation-perfusion abnormalities and atelectasis) and
episodic hypoxemia (thought to be at least partly related
to the use of opioids)109 may be seen even in ‘‘healthy’’
patients and in the absence of any complication,110

although they are more likely to occur in the elderly.109, 110

Supplemental oxygen can help to minimize the risk of
significant hypoxemia111[II] and is therefore recom-
mended for at least the first 48 to 72 hours following
major surgery, particularly in the elderly and high risk
patient, and regardless of the method of opioid admin-
istration.8[V], 78[V], 94[V]

Clinically, the best indicator of early respiratory
depression appears to be sedation.8, 94, 107 Sedation should
be monitored in all patients given opioids, regardless
of route, using a simple sedation score (see example in
Table 28.5).

OTHER SIDE EFFECTS OF OPIOIDS

Nausea and vomiting

Opioids are just one cause of nausea and vomiting in
the postoperative period. As the incidence decreases
with increasing age,112[V] routine antiemetics are not
recommended. In general, there appears to be little

Table 28.4 Suggested initial age-based morphine doses and

dose intervals for intermittent s.c./i.m. and i.v. morphine

administration.8, 9

Age (years) Initial morphine dose range (mg)

s.c. or i.m. doses, given 1–2 hourly PRN

15–39 7.5–12.5

40–59 5.0–10.0

60–69 2.5–7.5

70–85 2.5–5.0

485 2.0–3.0

i.v. doses, given 5 minutely PRNa

15–69 1, 2, or 4

Z70 0.5, 1, or 2

aGiven in a monitored setting to rapid analgesia and not for routine
analgesia in general wards.
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difference in the side-effect profiles of different opioids at
equianalgesic doses.94, 113[II]

Pruritus

Pruritus also appears to be less common in the elderly.114

[V] When compared with fentanyl and pethidine, mor-
phine appears to cause more itch.113[II] Therefore, a
simple treatment option, if the itch is of concern to the
patient, is to change to another opioid (e.g. from mor-
phine to fentanyl).8 If itching results from epidural or
intrathecal opioids (again, less common in the elderly),
small doses of naloxone can be effective.8

Cognitive effects

Fentanyl may cause less depression of postoperative cog-
nitive function115[II] and less confusion116[II] in elderly
patients compared with morphine. In a study comparing
patients given PCA tramadol or fentanyl, no difference in
cognitive effects were found.101[II] However, this might
not have been a good comparison because the bolus doses
used were not equianalgesic (tramadol 20mg, fentanyl
10 mg) – not surprisingly, patients given tramadol had
better pain relief with movement on the first day after
surgery.

Local anesthetics

The half-lives of bupivacaine21 and ropivacaine22 are
significantly increased and clearances significantly
decreased in older patients. If repeat doses or continuous
infusions are to be used, it might be wise to reduce the
total dose in the elderly to avoid possible accumulation.
An alternative would be to use a drug reported to have
less cardiotoxicity than bupivacaine, such as ropiva-
caine.117 In acute pain management practice, epidural
infusions using low doses of bupivacaine or ropivacaine
combined with low concentrations of an opioid such as
fentanyl are commonly used, reducing the total amount
of local anesthetic delivered.

Older patients are more sensitive to the effects of local
anesthetics because of age-related physiological changes –
see above under Opioid metabolites.118

Paracetamol

There do not appear to be any age-related reductions in
paracetamol clearance in the elderly,64 and there is

probably no need to reduce the dose given in this patient
group.119, 120 In a group of patients aged 84 to 95 years, a
dose regimen of 3 g paracetamol a day did not result in
any accumulation of the drug (a dose regimen of 4 g per
day was not investigated).121[V]

For many acutely painful conditions, paracetamol is
recommended as an alternative to nonsteroidal anti-
inflammatory drugs (NSAID), at least in the first
instance.64, 100, 121, 122 It is well tolerated in elderly patients
and, unlike NSAIDs – see below under Nonselective
NSAIDs and cyclooxygenase-2 inhibitors – there are few
contraindications to its use in this patient group. It has
been suggested that paracetamol doses should be reduced
in patients with liver disease or a history of heavy alcohol
intake.47, 64 However, it may be that these patients are not
at increased risk, as long as recommended doses of
paracetamol are used.94, 123

Doses may also need to be reduced in patients with
renal impairment.99, 100

Nonselective NSAIDs and cyclooxygenase-2
inhibitors

Elderly patients are more at risk of gastric and renal side
effects of NSAIDs than younger patients and may be more
likely to develop cognitive dysfunction.47, 124[V], 125, 126

, 127[V] The incidence of gastrointestinal side effects is
lowest with ibuprofen and diclofenac;123 as with younger
patients, the use of routes other than the oral route does
not avoid the gastrointestinal side effects.94[V] Con-
current administration of misoprostol, H2 antagonists, or
proton pump inhibitors may help to reduce the risk of
adverse gastrointestinal effects.64, 123, 127[V]

Renal failure following the administration of an
NSAID is of particular concern in the elderly, who are
more likely to have preexisting renal impairment, cir-
rhosis, cardiac failure, or be using diuretic or anti-
hypertensive medications.124[V] In a survey of elderly
(age 465 years) medical inpatients, use of NSAIDs was
shown to be a significant risk factor for renal function
decline while in hospital; other risk factors were loop
diuretics, hypernatremia, and low serum albumin
levels.128[V] There are also many important potential
interactions with other drugs that the older patient
in particular may be taking, such as warfarin, low
molecular weight heparin, oral hypoglycemic agents, and
drugs which are potentially nephrotoxic, for example
aminoglycosides.99, 124

The analgesic and anti-inflammatory properties of
NSAIDs, as well as many of the adverse effects associated
with their use, are due to the inhibition of the enzyme
cyclooxygenase (COX). Two types of COX have been
described, COX-1 and COX-2 (see Chapter 4, Clinical
pharmacology: traditional NSAIDs and selective COX-2
inhibitors). While drugs that selectively inhibit COX-2
(coxibs) do not provide more effective analgesia than

Table 28.5 Example of a simple sedation score.8, 108

Simple sedation score

0 =None

1 = Easy to arouse

2 = Constantly drowsy, easy to arouse, cannot stay awake

3 = Somnolent, difficult to arouse
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nonselective COX inhibitors,129 they have a significantly
lower incidence of gastrointestinal complications,102, 129

which might be of some advantage in the elderly patient.
However, the risk of other adverse effects, including
effects on renal function and exacerbation of cardiac
failure, is similar to nonselective NSAIDs.102, 129

Longer-term use of high doses of both coxibs and
nonselective NSAIDs (possibly apart from naproxen)
appear to increase the risk of cardiovascular and cere-
brovascular events.130, 131[I] In addition, regular use of
NSAIDs may interfere with the clinical benefits of low-
dose aspirin.132, 133[V] Extra caution is therefore required
in elderly patients. For more detailed information on
adverse effects see Chapter 4, Clinical pharmacology:
traditional NSAIDs and selective COX-2 inhibitors.

Tricyclic antidepressants

Tricyclic antidepressants (TCAs), which inhibit uptake of
both norepinephrine and serotonin, or predominantly
norepinephrine, are effective in the treatment of neuro-
pathic pain, while selective serotonin-reuptake inhibitors
appear not to be as useful.94[V], 134, 135[V], 136[I] This
analgesic effect is independent of their actions as an anti-
depressant, is of quicker onset, and requires lower doses.135

The elderly may be particularly prone to the side
effects of TCAs.100, 135 Amitriptyline has the highest
incidence of adverse effects and nortriptyline, with a
lower incidence of adverse effects, may be the better drug
to use in this patient group.102, 134, 135 These side effects,
which include anticholinergic symptoms such as sedation,
confusion, orthostatic hypotension, dry mouth, con-
stipation, and urinary retention, often lessen with time.135

Clinical conditions which may require TCAs to be
administered with caution are more common in the
elderly and include prostatic hypertrophy, narrow angle
glaucoma, cardiovascular disease, and impaired liver
function; electrocardiogram (ECG) abnormalities may be
a contraindication to the use of TCAs in the elderly.135

There may be age-related decreases in clearance of
TCAs, therefore initial doses of amitriptyline and other
TCAs should be decreased in the elderly (starting doses of
10mg amitriptyline or nortriptyline are recommended)
and subsequent doses increased slowly (if needed) with
the patient monitored closely.135

Anticonvulsants

Anticonvulsant drugs are also useful in the treatment of
neuropathic pain.94, 136[I] The reduced liver function that
tends to occur with aging can affect the elimination of
anticonvulsants such as carbamazepine and age-related
decreases in renal function can reduce the clearance of
drugs dependent on the kidney for elimination, for
example gabapentin.135

As with TCAs, elderly patients are generally more
sensitive to anticonvulsant drugs and are more likely to
develop side effects, such as drowsiness and unsteadi-
ness.135 Initial doses should be lower than for younger
patients and any increases in dose titrated slowly.135

The ‘‘second generation’’ drugs such as gabapentin and
topiramate may be preferred in these patients as they are
less likely to result in adverse effects.102 Pregabalin, a
structural congener of gabapentin, is also used for neu-
ropathic pain. Studies using this drug in the elderly are
limited but the relatively high frequency of side effects
such as somnolence and dizziness may be a problem in
this group of patients.137

N-methyl-D-aspartate receptor antagonists

The N-methyl-D-aspartate (NMDA) receptor is thought
to be involved in the development of hyperalgesia, allo-
dynia, and opioid tolerance. As well as having an opioid-
sparing effect when used as an adjuvant to opioids for the
treatment of acute pain, the NMDA receptor antagonist
ketamine has been used in the treatment of neuropathic
pain and opioid tolerance.94[V] While aging has been
shown to alter the expression and distribution of NMDA
receptors in many areas of the rat brain,138 there is cur-
rently no good information about the effects of age in
humans. However, clinical experience suggests that lower
doses than those used in younger patients should be
used.8

Memantine, a noncompetitive NMDA antagonist, is
effective in the treatment of moderate to severe Alzhei-
mer’s disease139 but does not appear to be of any benefit
in the management of neuropathic pain.140[II]

ANALGESIC TECHNIQUES AND THE ELDERLY

Many pharmacological and nonpharmacologic treatments
may be used in the management of acute pain in the
elderly, either alone or in combination. However, differ-
ences between elderly and nonelderly patients are more
likely to be seen in treatments using analgesic drugs.

Traditional intermittent opioid regimens

It has been suggested that intermittent i.m. injections of
opioid are potentially dangerous in the elderly.2 However,
as side effects are dose-dependent, this need not be so if
suitable titration regimens are used, with appropriate
doses, dose intervals, and monitoring.

Absorption of opioids from a subcutaneous site is
often thought to be slower than from an i.m. injection.
However, a study using s.c. morphine in elderly post-
operative patients showed that times to peak concentra-
tion were very similar.141[V]
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Similar consideration with respect to age-adjusted
dose, appropriate dose interval, and monitoring apply.

Patient-controlled analgesia

In the general patient population, PCA has been shown to
provide better pain relief and greater patient satisfaction
than conventional methods of analgesia.142[I] It can also
be a safe and very effective method of pain relief in the
elderly, providing they have reasonably normal cognitive
function.93, 143, 144[II]

Elderly patients should not be denied PCA simply on
the basis of age; patients in their late 90s have been
reported to use PCA successfully.114, 145[V] In a study
comparing PCA use in two groups of general surgical
patients: young (mean age 39 years) and old (mean age
67 years), the older group self-administered less
opioid than the younger group, there were no differences
in pain experienced (at rest or with movement), satis-
faction with pain relief and level of control, or concerns
about pain relief, adverse drug effects, risks of addiction,
or use of the equipment, although older patients
expected less intense pain and did not want as much
involvement in or information about their medical
management.93[III]

The usual contraindications to PCA still apply,
including the absence of trained staff, patient rejection,
and inability of the patient to safely comprehend the
technique.8 The patients should be followed closely to
ensure that they do understand the concept of self-
administration and a change to an alternative method of
pain relief made if needed.

In elderly patients, PCA is more effective than inter-
mittent injections of s.c.146[II] and i.m.147[II] opioids in
this age group.

In patients over 70 years, it may be reasonable to
reduce the size of the PCA bolus dose.8, 148 Recently
introduced iontophoretic transdermal fentanyl PCA sys-
tems149[II] have been shown to provide analgesia that is
equivalent to standard PCA morphine regimens (1mg
bolus dose). However, care may be needed if this tech-
nique is used in elderly patients as the bolus dose of
fentanyl that is delivered is fixed at 40 mg (see Chapter 11,
Patient-controlled analgesia). The routine use of back-
ground infusions should be avoided, especially in older
opioid-naive patients.143, 148

Epidural analgesia

In the general patient population, epidural analgesia
provides better pain relief than parenteral opioids.150[I],
151[I] This is also true in the elderly. A study by Mann
et al.144[II] compared i.v. PCA with epidural PCA in older
patients (average age 76 years) after major abdominal
surgery. Those receiving epidural PCA, using a mixture of

bupivacaine and sufentanil, had lower pain scores at rest
and movement, higher satisfaction scores, more rapid
recovery of bowel function and, on the fourth and fifth
postoperative days, improved mental status; the incidence
of hypotension was increased.

The elderly, because of their age and probable
comorbidities, are at higher risk of complications after
surgery.2, 3 Epidural analgesia may reduce the risk of some
of these complications.4, 5[I] This may be of particular
benefit in the older patient.

Older patients are more likely to have ischemic heart
disease and in such patients coronary blood flow may be
reduced rather than increased in response to sympathetic
stimulation.152[V] In a study of patients (average age 67
years) with multivessel ischemic heart disease, high
(the epidural catheter was inserted at the T2–T3 inter-
space) thoracic epidural analgesia (TEA) using 0.5 percent
bupivacaine was instituted prior to coronary artery
bypass surgery; TEA was able to partly normalize
myocardial blood flow in response to sympathetic
stimulation.152[V]

In a group of older patients (median age 81 years),
epidural analgesia has been used as part of a multimodal
postoperative rapid rehabilitation regimen after laparo-
scopic colonic resection leading to a median hospital stay
of just 2.4 days.153[V] Perioperative use of epidural
analgesia has also led to a reduction in the incidence of
severe phantom limb pain after amputation.154[V]

Many hospitals confine the use of epidural analgesia to
intensive care or high dependency settings.155 However,
large audits, which include patients aged over 100 years of
age, have shown that when epidural analgesia is closely
supervised by an acute pain service with appropriate
patient monitoring and staff education, it is a technique
that can be safely managed in general surgical wards.94

[V], 114[V], 156[V], 157[V], 158[V] Under these circum-
stances, even elderly patients with epidural analgesia do
not necessarily require admission to an intensive care or
high dependency unit.

EPIDURAL LOCAL ANESTHETICS

Age is also a determinant of the spread of local anes-
thetic in the epidural space and degree of motor block-
ade. It has been shown that an epidural dose of
levobupivacaine produces a higher level of sensory block
in the elderly29[V] and that epidural ropivacaine in older
patients also results in a higher block level and more
intense motor blockade.159[V] Thus, smaller volumes
will be needed to cover the same number of dermatomes
than in a younger patient. Similarly, when the same
volume of local anesthetic is given, the concentration of
ropivacaine required to produce effective motor blockade
decreased as patient age increased.117[III] Ropivacaine
has a lower potential for CNS and cardiovascular toxi-
city117 and so may be a better choice than bupivacaine in
the elderly patient.
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EPIDURAL OPIOIDS

As with parenteral opioids, epidural opioid requirements
have been noted to decrease as patient age increases.160

[V] and itching from epidural opioids is much less
common in the elderly.

An extended-release epidural morphine preparation is
now available.161 The recommended doses vary according
to the operation type and only for some operations.
Where there is a suggested dose range, it is suggested that
doses at the lower end of the range be used in elderly
patients.162 The incidence of respiratory depression seems
to be quite high using this technique (Viscusi et al.161

quoted an incidence of 3.7 percent in their study) and it
remains to be seen whether older patients will have an
even higher risk – although varying definitions were used
for respiratory depression and this may have led to an
overestimation of the risk.

EPIDURAL LOCAL ANESTHETIC/OPIOID COMBINATIONS

Epidural analgesia using combinations of low con-
centrations of a local anesthetic and opioid are commonly
used in an attempt to provide good analgesia, while
minimizing the side effects of either class of drug. As the
dose requirements of both classes of drug decrease with
increasing patient age (see above under Epidural local
anesthetics and Epidural opioids), it would seem rea-
sonable to use age-based doses or infusion rates when this
combination is used.8

MONITORING ELDERLY PATIENTS WITH EPIDURAL
ANALGESIA

Elderly patients need close monitoring as they may be
more susceptible to some of the effects of epidural
analgesia, including hypotension.159, 163, 164 Also, they
may not voluntarily mention side effects such as motor
and sensory block or backache, which may herald a
complication such as an epidural hematoma or abscess.

Appropriate segmental placement of the epidural
catheter, the use of infusions titrated to provide sufficient
analgesia with no motor and sensory block, and careful
monitoring should allow minimal hemodynamic changes
(including orthostatic hypotension), early ambulation,
and the early recognition of any major complication.

EPIDURAL ANALGESIA AND ANTICOAGULANT DRUGS

One of the rare yet potentially disastrous complications of
epidural and spinal anesthesia/analgesia is an epidural or
spinal hematoma. One of the risk factors for development
of this complication is the concurrent use of anti-
coagulant drugs such as heparin, warfarin, and anti-
platelet drugs.165 All of these drugs are more likely to be
required in older, compared with younger, patients.

In the elderly, both dose and duration of effect of
anticoagulant drugs can be altered in the elderly and this
may be clinically important when these drugs are used in
patients receiving epidural analgesia.

In the USA, an alarming frequency of spinal hemato-
mas followed the introduction of low molecular weight
heparin (LMWH), particularly enoxaparin, the majority
(75 percent) occurred in elderly female orthopedic
patients.165 The high incidence may be partly explained
by the larger doses of enoxaparin that were used in the
USA at that time, compared with other countries; added
risk factors include concurrent use of NSAIDs or other
anticoagulants medications,165 which are more likely to
be used in the elderly. It should also be noted that
LMWHs are primarily eliminated by the kidney and the
half-life is increased in renal impairment.165

Warfarin is commonly prescribed for a variety of
indications, including those often seen in elderly patients.
These include prevention of embolism and stroke in
patients with atrial fibrillation and thromboembolism
prophylaxis after major joint replacement surgery. There
is a wide interpatient variability in dose response with
warfarin although, in general, the response is greater in
older patients.165, 166 This difference appears to be pri-
marily pharmacodynamic as the pharmacokinetics of
warfarin do not change with age.166 Concomitant medical
problems, including low body weight, low serum albumin
(warfarin is 99 percent bound to plasma proteins), sig-
nificant cardiac, hepatic and renal disease, and interac-
tions with other drugs (including NSAIDs and some
herbal medications), are all more likely in the elderly
patient and can also lead to an increased sensitivity to
warfarin therapy.165, 166

If warfarin is given to patients with an epidural
catheter in place after surgery, the wide interpatient
variability in response and the increased response seen in
the elderly may be of considerable importance in relation
to the timing of removal of that catheter.

Antiplatelet drugs, including NSAIDs, clopidogrel, and
ticlopidine are also more likely to be prescribed in the
older patient. NSAIDs (including low-dose aspirin) alone
do not appear to increase the risk of hematoma in asso-
ciation with epidural anesthesia/analgesia.165 The real risk
of spinal hematoma in patients taking clopidogrel and
ticlopidine is unknown but it is suggested that neuraxial
techniques be avoided until platelet function has recov-
ered (see Chapter 13, Epidural and spinal analgesia).165

However, spinal-epidural hematoma has been reported
following combined spinal-epidural analgesia in a patient
receiving perioperative LMWH, despite having stopped
clopidogrel seven days before surgery.167

Intrathecal opioid analgesia

Intrathecal opioids, usually administered as a single dose,
are used less commonly than epidural opioids for
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postoperative pain relief. This is partly because repeat
doses cannot be given unless a catheter is inserted (not a
common practice in acute pain management) and partly
because of a widespread perception that it is a more
hazardous technique.168

A review of 5969 patients by Gwirtz et al.168[V] con-
cluded that when managed by adequately trained staff
using strict protocols, serial patient assessments, and
timely treatment of any side effects that might occur,
patients given intrathecal opioids can be managed safely
on general hospital wards. The reported incidence of
respiratory depression in this survey was 3 percent. Said
by the authors to be a ‘‘low’’ incidence, it is considerably
higher than that usually reported by others.169

Advanced age was considered by this group to be a risk
factor for respiratory depression and they suggest that
patients over the age of 70 years be monitored in an
intensive care setting. However, elderly patients (average
age 69 years) given up to 200 mg intrathecal morphine at
the time of spinal anesthesia for peripheral vascular and
other surgery have been safely nursed on general wards by
nursing staff who have received additional education and
managed by an acute pain service according to strict
guidelines.169[V]

The ‘‘optimal’’ dose of intrathecal morphine that
should be given to elderly patients remains unknown and
any evidence for the ‘‘best’’ dose remains inconsistent.

Intrathecal morphine doses of 200 mg given in addition
to general anesthesia in elderly patients (average age 70
years) undergoing abdominal aortic surgery led to better
postoperative analgesia and reduced postoperative
analgesia requirements compared with those given gen-
eral anesthesia only.170[II] No respiratory depression was
reported, but the total number of patients in the study
was small (30 patients only) so no conclusion can be
drawn as to relative safety or otherwise of the technique.

In 70 patients having knee replacement surgery,
Bowrey et al.171[II] concluded that intrathecal morphine
doses of 500 mg led to better analgesia that doses of 200mg
without any increase in adverse effects.

Murphy et al.172[II] compared three doses of intra-
thecal morphine (50, 100, and 200 mg) given to elderly
patients after hip surgery and concluded that the 100 mg
dose provided the best balance between good pain relief
and pruritus; there was no difference seen in the inci-
dences of nausea and vomiting or respiratory depression.
However, in general, older patients have a much lower
incidence of pruritus following intrathecal opioid
administration compared with younger patients.114, 169

Other regional analgesic techniques

‘‘Single shot’’ and continuous regional analgesic techni-
ques (such as continuous brachial plexus or lumbar
plexus blockade) may be particularly suited to the elderly
patient. Possible advantages include a reduction in the

incidence of side effects compared with central neuraxial
blockade173[II] and minimization of opioid doses.

The duration of action of sciatic nerve174[III] and
brachial plexus blocks175[III] is prolonged in the elderly
patient. This may be related to some of the neuro-
anatomical changes that occur with aging (see before).

In elderly (465 years) patients undergoing urological
surgery via a flank incision, paravertebral blockade of the
lumbar plexus using either ropivacaine or bupivacaine
has been shown to provide good analgesia with no
changes in the patients’ heart rate or blood pressure.176

[II]
Unlike epidural analgesia, age did not influence the

spread of bupivacaine in the thoracic paravertebral
space.177

SUMMARY

Elderly patients, particularly those that are cognitively
impaired, are at risk of suboptimal management of their
acute pain. Adjustments may need to be made to the ways
in which pain is assessed, but regular assessments should
still be made and analgesia titrated to effect.

The range of analgesic drugs and techniques that can
be used in elderly patients is the same as for the younger
patient. Age-related changes in pharmacodynamics and
pharmacokinetics mean that elderly patients require lower
doses of many of the drugs used in pain management
and they may be more susceptible to some of the side
effects of these drugs and of analgesic techniques such as
epidural analgesia.
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KEY LEARNING POINTS

� The RICE (rest, ice, compression, elevation) method

immediately following acute soft tissue injury is easy,

cost-effective and beneficial.
� Limited immobilization (24–72 hours) followed by early

controlled mobilization results in optimal functional

outcome in soft tissue injuries.

� Short-term use of nonsteroidal anti-inflammatory drugs

(NSAIDs) improves pain and speeds recovery.

INTRODUCTION

Sporting injuries are becoming more common with the
increased focus of exercise as part of governmental health
improvement policies and increased availability of
recreational opportunities. Unfortunately, sporting inju-
ries can produce short-term pain and dysfunction, and
long-term disability. The ever-increasing demands of
professional sport focus our attention upon the correct
management of sporting injuries, as the emphasis is on
prompt diagnosis, correct management, and rapid reha-
bilitation of the injured player. This chapter seeks to
explain the pathophysiological processes that occur in
bones, synovial joints, cartilage, tendons, ligaments, and
muscles to aid diagnosis and therapy and to improve
rehabilitation after sporting injury.

CLASSIFICATION OF SPORTS INJURIES

Sporting injuries may be classified in various ways. They
may result from the cumulative effect of overuse, from

acute trauma or the secondary effects of previous
injury. An alternative classification is based on the tissue
involved. Consideration of each of these categories will
help the clinician to arrive at an accurate diagnosis and
facilitate effective management.

Acute sporting injuries

DIRECT OR EXTRINSIC MECHANISM

This may result from direct collision with another player
or with equipment. The forces involved are often large
and may result in head injury, fracture, or dislocation of
bone and joints, or muscle contusions.

INDIRECT OR INTRINSIC MECHANISM

These injuries are caused by factors within the indivi-
dual athlete and include muscle tears and ligament
sprains.



Overuse sporting injuries

REPETITIVE FRICTION

This results from apposed structures suffering repetitive
frictional wear and includes tenosynovitis, bursitis, and
such conditions as iliotibial band friction syndrome.

REPETITIVE MICROFATIGUE

This occurs when a tissue is overloaded in a repetitive
fashion beyond its capacity to repair. A mild acute
inflammatory response ensues which may progress to
chronic inflammation or tissue degeneration. Examples
include stress fractures, medial epicondylosis, and Achilles
tendinosis.

Secondary sporting injuries

SHORT TERM

This usually follows mismanagement of a primary injury
by either inadequate rehabilitation or insufficient rest
from activity. Retearing a muscle on premature return to
running after injury is a common example of this.

LONG TERM

An injury may eventually lead to a long-term degenerative
process. This can be seen where osteoarthrosis develops
following joint injury, for example, articular or meniscal
injuries of the knee joint.

Classification according to the tissue involved

A tissue-based classification is necessary as different body
tissues fail under different circumstances and vary in their
capacity to heal (some examples of acute and overuse
sporting injuries are listed).

� Soft tissues:
– skin and fascia (acute: lacerations, abrasions, and

punctures; overuse: blister);
– muscle–tendon units, their tendoperiosteal

attachments to the skeleton and synovial sheaths
(acute: tears; overuse: fibrosis, tendinosis,
paratendinitis, and tenosynovitis);

– muscle compartments and their enclosing fascia
(acute: strains, tears, contusions, cramps, acute
compartment syndromes; overuse: chronic
compartment syndromes, fibrosis);

– joints and their associated structures, including
ligaments, fibrocartilage, capsule, synovium, and
bursae (acute: dislocation, subluxation, traumatic

bursitis, sprains, and tears; chronic: synovitis,
osteoarthritis, bursitis, inflammation);

– intervertebral disk.
� Hard tissues:

– bone and its periosteal covering (acute: fracture,
periosteal contusion; overuse: stress fracture,
osteitis, and apophysitis);

– hyaline articular cartilage (acute: chondral and
osteochondral damage; overuse: chondromalacia);

– epiphysis.
� Special tissues or organs:

– brain and peripheral nerves (acute: injury,
neuropraxia; chronic: entrapment);

– facial structures;
– thoracic, abdominal, and pelvic organs.1

THE PATHOPHYSIOLOGY OF TISSUE INJURY
AND REPAIR

It is important to understand the tissue response to
injury in order to rationalize an approach to early
management and rapid rehabilitation and to modulate
the pain response. The ultimate purpose of the repair
process is restoration of tissue continuity, strength, and
function, and is produced by an orderly, progressive,
and interdependent biological repair process. The
three phases of this are summarized here, followed by
more specific details of individual musculoskeletal
pathophysiology.

The acute inflammatory response

Acute inflammation (Figure 29.1) is the immediate
and normally occurring protective response to injury. In
the case of athletic trauma, it is initiated by disruption
of vascularized musculoskeletal tissues that have been
exposed to excessive mechanical loads in the form of
tensile, compressive, torsional, or shearing forces.

Injury

Chemical mediator
release

Acute inflammatory response

Leukocyte
migration and
phagocytosis

Vascular

permeability

←

Figure 29.1 The acute inflammatory response to injury.
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The repair and regeneration phase

This phase starts approximately 72 hours after injury
and continues for up to six weeks. Most soft connective
tissues comprising the musculoskeletal system consist
largely of highly specialized, permanent cells that do
not have the capacity to regenerate a tissue structurally
identical to that of the original. The result is the
formation of scar tissue, the strength of which can
be maximized by the timing and degree of forces
applied to it and the avoidance of reinjury. This has
obvious implications in the early management of soft
tissue injury.

This phase of repair is characterized by the formation
of granulation tissue. There are three components to this
process:

1. Angiogenesis. These immature vessels are leaky,
accounting for much of the edema persisting in
healing wounds.

2. Migration and proliferation of fibroblasts.
Growth factors and fibrogenic cytokines trigger
the migration, proliferation, and differentiation of
fibroblasts to synthesize a matrix of collagen and
proteoglycans.

3. Deposition of extracellular matrix. This consists
of fibrous structural proteins (collagens) and
adhesive glycoproteins embedded in a
proteoglycan gel. Fibroblasts initially lay
down small-diameter type III collagen in large
amounts. This is partially converted to larger
diameter type I collagen during the next phase of
healing.2

The remodeling and maturation phase

This phase starts several weeks after injury and continues
for several months. Myofibroblasts continue contraction
of the collagen framework and reorientate the fibrils in
the direction of loading. Collagen maturation also con-
tinues with the formation of a larger proportion of type I
collagen fibrils. At the same time, collagen is degraded
by collagenases secreted by fibroblasts, macrophages,
neutrophils, and synovial cells present in the initial cel-
lular part of this phase. Net collagen accumulation
depends on the balance between synthesis and degrada-
tion, and there are multiple biological checks against the
uncontrolled action of the collagenases. Macrophages,
present in large numbers in granulation tissue, rid the
area of extracellular debris, fibrin, and many of the blood
vessels found in the previous phase. The resultant scar is
an inactive-looking tissue of mature, spindle-shaped
fibroblasts, dense collagen, fragments of elastic tissue,
extracellular matrix (ECM), and relatively few vessels.
Final tissue strength depends on the orientation and
quantity of large diameter collagen fibrils.

THE PATHOPHYSIOLOGY AND EFFECTIVE
TREATMENT OF SPORTING INJURIES

The aim of the effective treatment of sporting injuries is
to minimize pathophysiological processes and facilitate
rapid and optimal healing, in order to return to activity
and avoid long-term disability and pain (Figure 29.2).3

Because of the multiple factors involved in the patho-
physiological response to sporting injury, treatment must
be multifactorial to be effective.

Individual tissue responses to injury

BONE

Bone is essentially a fibrous matrix impregnated with
mineral salts that is continuously remodeling according to
the mechanical stresses and metabolic demands applied to
it. Both cancellous and cortical bone is covered by a layer
of periosteum, which is highly vascular and responsible
for the nutrition of the underlying bone. The deep layers
of periosteum contain the osteoblasts that lay down new
bone. Osteoclasts are continually reabsorbing bone,
resulting in dynamic balance.

Acute fractures of long limb bones are produced by
large direct, torsional, tensile, or compressive forces, and
are uncommon injuries in sports. Acute fractures of the
cancellous carpal and tarsal bones, and of the metacarpals
and metatarsals, are more frequently encountered.

The stages of healing of bone fractures include:

� hematoma;
� inflammation;
� callus formation and appearance of woven bone;
� consolidation of woven bone to lamellar bone;
� remodeling, usually to the point of its premorbid

structure.4

Bone has the capacity to regenerate to its premorbid form
because of the presence of labile cells. This compares
favorably with most other musculoskeletal tissues, which
heal by scar tissue formation only. However, bone heals
more slowly. In general, cancellous bone heals faster than
cortical, owing to the large contact area between fractured
trabeculae. For the same reason, spiral fractures heal
quicker than transverse fractures. The speed of healing
of upper limb fractures (firm union taking four to six
weeks) exceeds that of lower limb fractures (firm union
8–12 weeks).

The aim of fracture management is anatomical and
functional restoration, and the following principles apply:

� Rest, with or without immobilization, for
undisplaced or minimally displaced fractures.

� Reduction, open or closed, for displaced fractures,
followed by immobilization until the fracture is
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clinically united. Removable immobilization devices,
e.g. braces, are being increasingly favored above
plaster of Paris in order to minimize the negative
consequences of immobilization.

� Surgical reduction and fixation for unstable fractures.
� Surgical fixation may otherwise be considered if early

mobilization is required.

Avulsion fractures are commonly encountered in sports
and are associated with excessive tensile loading of
ligament or tendon attachments. Notable examples
include the ‘‘rugger jersey’’ finger, where the volar aspect
of the base of the distal phalanx is avulsed due to an
overload applied by the flexor tendon, while the distal

interphalangeal joint is forcibly extended. Avulsion
fractures of ligamentous insertions during joint sprains
are generally treated as soft-tissue injuries unless the
fragment is large and unstable, when surgical reduction
and fixation may be considered.

Acute injuries to the periosteum occur with direct
blows, causing subperiosteal hematoma with localized
swelling and tenderness. These may sometimes ossify due
to the involvement of local osteoblasts, but are of little
functional consequence.

Overuse injuries of bone are becoming more common
because of an ever-increasing participation in recreational
running and the heavy training loads of athletes. Bone
under loading stress develops increased interstitial
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Figure 29.2 The outcomes of effective versus ineffective treatment. Reproduced with permission from Leadbetter WB. Soft tissue

athletic injury. In: Fu FH, Stone DA (eds). Sports injuries – mechanisms, prevention and treatment, & 1994 Lippincott Williams &
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calcium, denser trabeculae, and cortical thickening.
The mechanism behind the development of stress
fractures is incompletely understood, but there is, pre-
sumably, a threshold level of mechanical loading above
which bone resorption exceeds bone deposition, and
failure then occurs. Known associated risk factors include
excessive training, rapid increase in training, poor bio-
mechanics, inadequate footwear, muscle fatigue, and
hormonal deficiency (such as those associated with ath-
letic amenorrhea5). Management consists of rest from
offending activities. A period of nonweight-bearing or
immobilization may be required if walking causes pain.
Certain stress fractures are known to heal poorly,
and these should be treated more aggressively with a
period of immobilization or internal fixation. These
include fractures of the navicular bone, anterior cortex
of tibia (transverse), superior neck of femur, base of the
fifth metatarsal (Jones type), and base of the second
metatarsal.

Epiphyseal injuries occur in the skeletally immature
athlete. Pressure epiphyses are found at the end of long
bones, and are subject to both shearing and compression
forces. Mechanisms of injury that in the adult would
cause dislocation or tendon or ligament disruption tend
to cause epiphyseal injury in the child. Epiphyseal injuries
may also follow overuse, e.g. in young gymnasts per-
forming excessive weight-bearing through their upper
limbs. Traction epiphyses (apophyses) occur at the
insertion of major muscles and experience tensile forces.
They may be acutely avulsed or chronically irritated, for
example the common condition of Osgood–Schlatter
disease, which occurs at the attachment of the patella
tendon to the tibia in 12- to 16-year-olds.

ARTICULAR CARTILAGE

Hyaline articular cartilage is a complex three-dimensional
array of type II collagen, embedded in a rich cartilage-
specific proteoglycan matrix.1 Should laceration occur
within the more superficial avascular layers, there is no
inflammatory response and minimal repair takes place.
These lesions do not appear to progress to osteoarthrosis.
If, however, the defect extends down to subchondral
bone, the acute inflammatory response can proceed, and
a new tissue is formed that is composed of both types I
and II collagen embedded in a matrix which is
mechanically inferior to the original. This eventually
breaks down with fibrillation and continued degeneration
leads to osteoarthrosis.

Blunt trauma to cartilage, such as a fall on the patella,
can cause a change in the proteoglycan matrix and its
relationship with the collagen fibrils, a condition termed
‘‘chondromalacia.’’

Loading and joint motion appear to be important in
the maintenance of articular cartilage, and prolonged
immobilization is associated with cartilage atrophy.

SYNOVIAL JOINTS

Articular hyaline cartilage covering the bone ends is dis-
cussed above under Articular cartilage. Fibrocartilage
menisci found in the knee are prone to tearing under
the high compressive and shearing forces applied to them.
If the injury occurs at the periphery where there is a
blood supply (outer 25–31 percent), a fibrovascular repair
response can ensue. If the tear is in an avascular portion,
minimal healing will occur, and surgical menisectomy
may be required to control mechanical symptoms.

Joint capsule has an outer fibrous layer and an inner
loose, vascular layer. It is richly innervated for proprio-
ception and nociception and is a source of significant pain
when injury results in capsule distension from effusion or
hemorrhage. Pain relief may then be afforded by joint
aspiration. Prolonged joint immobilization results in
capsular shrinkage with fibrous adhesions and restricted
range of movement which must be restored to avoid
dysfunction.

LIGAMENTS AND TENDONS

Mature ligaments and tendons are composed of large-
diameter type I collagen fibrils (with a small amount of
type III) embedded in an aqueous gel. The unique feature
of these tissues is the collagen ‘‘crimp,’’ which is a pattern
extending in phase across the width of all ligaments and
tendons. It appears to be built into the tertiary structure
and is created by cross-linking and an elastic fiber net-
work. Flattening of the collagen crimp is responsible for
the initial and physiological lengthening of the tissue
under strain. Increasing the strain leads to rupture of the
cross-links and eventually failure of the ligament or ten-
don and either partial or complete tear. Repetitive over-
loading of tendons can also lead to microfatigue failure.

There is evidence that both immobilization and overly
vigorous mobilization within the first three weeks fol-
lowing acute injury is detrimental to collagen orientation.
After this time, mobilization probably increases the ten-
sile strength of the repair.6[II] This information provides
a rationale for using early, controlled mobilization of
sprained joints, or the use of a limited motion brace,
to both minimize eventual joint capsular stiffness and
maximize the tensile strength of the repair.

MUSCLE

Contusions, tears, and delayed onset muscle soreness are
common occurrences in any sport. Damaged skeletal
muscle has the ability to regenerate in the third phase of
the healing process and several factors are known to
influence this.7 An intact nerve supply to the muscle is
essential. Early muscular contraction will pull torn ends
further apart and increase the amount of hematoma,
thereby increasing the amount of connective tissue bulk
the myotubules have to negotiate to effect a repair.
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However, after a few days, the tensile strength in the
granulation tissue is probably strong enough to withstand
some muscular contraction. If tensile stresses are applied
to the granulation tissue at this point, the collagen fibrils
will tend to align parallel to the direction of stress, and the
myotubules will then grow forward between them in an
orderly fashion. Continued muscle contraction during
this process results in the regenerating muscle fibers
orienting themselves parallel to the direction of tension,
thereby maximizing the final strength of the repair.8

This has obvious implications for the early manage-
ment of muscle injuries:

� Minimal muscle activity in the first two to three days
after injury allows adequately strong granulation
tissue to form.

� Following this, early and gentle contraction and
stretching will minimize scar tissue bulk (which is
related to stiffness and reinjury), and should result in
well-oriented muscle fibers and the quickest return to
preinjury tensile strength.

It can be seen from this overview of injury and repair that
different musculoskeletal tissues behave differently both
in their initial response to injury and in their optimal
conditions for repair.

CLINICAL PRESENTATION

It is beyond the scope of this chapter to elaborate on the
diagnosis of the wide variety of injuries occurring as a
result of sporting activity. It is important to arrive at an
accurate diagnosis to ensure the optimal conditions for
repair. To aid diagnosis, it is important to elicit certain
factors from the history after sporting injury.

� Acute injuries:
– location of injury;
– mechanism of injury;
– previous history of similar or recent injuries;
– degree of disability or severity of injury;
– initial management instituted.

� Overuse injuries:
– site of problem;
– duration of symptoms;
– relationship of any symptoms to sporting activity

(i.e. occurring at beginning, throughout, or after
exercise);

– intercurrent problems, e.g. the interrelationship of
low back pain and hamstring muscle strain;

– identification of precipitating factors, e.g. the
training program, playing surface, footwear;

– management to date.
� Examination:

– inspection for swelling, deformity, skin changes;
– passive and active range of movement;

– palpation;
– reproduction of symptoms;
– stability testing, e.g. of ligament and other joint-

stabilizing structures;
– strength and flexibility;
– assessment of biomechanics, technique, and

equipment;
– additional tests for

� neural tension;
� exclusion of referred pain;
� local anesthetic blocks to confirm the site of
pain origin.

Investigations

In most cases of sporting injuries, clinical assessment is
sufficient to provide the diagnosis. Investigations may be
used as an adjunct to confirm or exclude a diagnosis, but
in some instances, as with many cases of chronic back
pain, no amount of investigating will provide an exact
tissue cause for the pain. The value of an experienced
investigator, using good-quality equipment, cannot be
overemphasized.

� Imaging modalities:
– plain radiographs, including standard, special, and

stress views;
– computed tomography (CT) has a unique ability

to display bone detail;
– magnetic resonance imaging, which can display

inflammatory reactions and soft-tissue structure;
– radioisotopic bone scan to detect areas of

increased blood flow and bone turnover;
– diagnostic ultrasound to image soft tissues and

observe dynamic function.
� Other modalities:

– electromyography and nerve conduction studies;
– compartment pressure testing and specific

muscular strength testing.

MANAGEMENT

The overall management of most sports injuries is based
on six principles:

1. Minimize the extent of initial damage.
2. Reduce associated pain and inflammation.
3. Promote healing of damaged tissue.
4. Maintain or restore flexibility, strength,

proprioception, and overall cardiovascular fitness
during the healing phase.

5. Functionally rehabilitate the athlete to enable a
return to sport.

6. Assess and correct any predisposing factors in
order to reduce the likelihood of recurrence.9
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The first three of these will be covered in the context of
the information already given on the inflammatory and
repair processes, with emphasis on the control of pain in
the clinical setting. The fourth, fifth, and sixth are beyond
the scope of this text, and involve a thorough knowledge
of the biomechanics and physiology of musculoskeletal
function, in combination with the specific demands of
particular sports.

A variety of treatment modalities is available to man-
age sporting injuries. However, many traditional methods
are not scientifically validated.

Initial treatment

Every effort should be made in the first 24–48 hours
following acute soft-tissue injury to minimize bleeding,
excessive swelling, and secondary injury. The RICE (rest,
ice, compression, elevation) regime is invaluable as a first
aid principle owing to its safety and sensibility, and is
widely implemented by athletes, coaches, trainers, and
health professionals. Additional management not only
aims to provide analgesia, but also to speed functional
return, whilst remaining low risk and cost-effective.

REST

Wherever possible, the injured part should be rested in
relative terms immediately after injury to avoid ongoing
hemorrhage. There is also a risk of increasing the severity
of primary tissue injury and of injury to other structures
should activity be continued.

ICE

This is discussed below under Cryotherapy.

COMPRESSION

The application of a firm elastic bandage may help to
reduce bleeding and inflammatory swelling. It should
commence just distal to the site of injury and may be
applied using a compressive stocking or bandage. It
should not be so tight as to cause discomfort or limit
venous return, and it should extend at least a hand’s
breadth proximal to the injury.

ELEVATION

Reduction of blood flow and increased venous and
lymphatic return can be assisted by elevating the injured
part. A sling can be used for the upper limb, and the
lower limb can be rested on a chair or similar object.

During the first 24 hours avoid:

� heat;
� vigorous massage;

� alcohol consumption;
� moderate to intense stretching or contraction (of

muscle).

Immobilization

Immobilization was traditionally thought to reduce
pain and swelling and to encourage healing, and periods
of up to six weeks have been advocated for treatment of
severe soft-tissue injuries. It is now known that prolonged
immobilization (beyond 72 hours) has detrimental
effects on:

� joint stiffness;
� articular cartilage softening;
� muscle disuse atrophy and stiffness;
� suboptimal tendon, ligament, and muscle scar

strength;
� bone density;
� deep venous thrombosis formation.

Immobilization is often required for acute, displaced
fractures of bone and certain stress fractures. This may be
achieved by the application of casts, rigid braces, or air
splints. Protected mobilization can be achieved using
hinged braces or taping techniques, and prevents exces-
sive stress on the injured structure while allowing others
to move, preventing the complications of complete
immobilization. Protected mobilization is used to treat
ligament injuries, such as medial collateral ligaments of
the knee and ankle sprains. Crutches may be used when
weight-bearing is contraindicated or painful.

Essentially, soft tissue injuries should receive relative
immobilization for 24–72 hours followed by controlled
and progressive mobilization.6, 10[II]

Pharmacological therapy

A small number of drugs have a traditional place in the
management of sporting injuries. These predominantly
include analgesics and anti-inflammatory drugs. Despite
widespread use and apparent clinical efficacy, their
long-term effects on tissue function are incompletely
understood.

ANALGESICS

In the management of sporting injuries, analgesics are
used acutely to alleviate pain. It is rarely necessary to
continue their use beyond the acute phase. Acetylsalicylic
acid (aspirin), paracetamol (acetaminophen), tramadol,
and codeine are the most commonly used analgesics
in the sporting setting, with injectable opioids usually
only required for very painful displaced fractures. Acetyl-
salicylic acid in larger doses also has an anti-inflammatory
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effect. Its effect on platelet adhesiveness suggests that it
could be considered a contraindication in acute injuries
where hematoma formation is a problem, but this has
not been well documented in scientific literature (see
Chapter 4, Clinical pharmacology: traditional NSAIDs
and selective COX-2 inhibitors).

It is imperative to check the appropriate sporting
authority’s position regarding the use of prohibited sub-
stances before recommending medications to athletes
who are subject to drug testing as some are included in
the banned list. The World Anti-doping Agency (WADA)
was established in 1999 to promote and coordinate the
fight against the use of drugs in sport internationally. The
WADA list of prohibited substances and methods can be
accessed at www.wada-ama.org/rtecontent/document/
2006_list.

NONSTEROIDAL ANTI-INFLAMMATORY DRUGS

Nonsteroidal anti-inflammatory drugs (NSAID) are the
most commonly used class of drug in the management of
both acute and overuse sporting injuries. They are used in
the following sports medicine situations to control pain
and inflammation:

� early after acute injury;
� in overuse syndromes;
� after surgery;
� during rehabilitation.

Inflammatory stimuli disrupt cell membrane phospholi-
pids, with the eventual production of an array of
biologically active substances, including prostaglandins.
NSAIDs limit this process by inhibiting the cyclo-
oxygenase (COX) pathway, some also inhibit lipoxygenase
pathways (Figure 29.3).11 NSAIDs may also have a direct
effect on inflammatory cells in modulating cell beha-
vior.12 Many clinical trials support the observation that
modest benefits in pain and function are seen in NSAID-
treated patients with acute soft-tissue trauma (ligament
sprains, bursitis, synovitis) when compared with pla-
cebo.13[II], 14, 15[II] Weiler,16[I] in a meta-analysis of
44 studies with respect to the use of NSAIDs in sporting

soft-tissue injuries, concluded that NSAIDs did not ser-
iously delay the healing process when given soon after
injury, that healing was slightly more rapid, that inflam-
mation slightly decreased, and that return to practice was
occasionally quicker. In general, studies suggest that the
improvements most often observed are an earlier decrease
in pain, an improved range of motion, and an earlier
return to routine and sports activities.13[II], 15[II], 16[I],
17[II], 18[II], 19 Studies comparing the clinical efficacy of
different NSAIDs with each other are inconclusive.

The availability of selective COX-2 inhibitors has held
promise for the reduction in the significant incidence
of gastrointestinal side effects associated with inhibition
of the regulatory role of COX-1 by nonselective NSAIDs.
Clinical trials in acute pain, however, are inconclusive
as to a consistent class action of COX-2 inhibitors in
providing acute analgesia. The early rise of prostaglandin
E2 (PGE2) levels following soft-tissue trauma (from
COX-1 action) is not inhibited and may contribute to this
observation.13[II], 14

The inflammatory phase is necessary in the healing
process to provide a fibrin framework, to mop up necrotic
debris, and to provide the necessary vascular and cellular
supply for subsequent repair processes. Theoretically,
it may be deleterious to inhibit these functions with
NSAIDs, and many laboratory studies have attempted to
investigate this. There is, however, incredible variability in
animal responses to different NSAIDs and in their rates of
healing, which must be taken into consideration when
extrapolating results to humans. Dahners et al.20 con-
cluded that piroxicam increased the early strength of
healing ligaments (at 14 days) in the rat when it was
administered in the first week after injury. There was no
recordable difference at 21 days. Kalbhen studied the
effects of different anti-inflammatories on articular
cartilage in rats following intra-articular injection.21 He
suggested that some (e.g. salicylates, flufenamic acid,
indomethacin, ibuprofen, phenylbutazone, and dex-
amethasone) have catabolic characteristics in regard to
connective tissue metabolism with observed degeneration
of articular cartilage and subchondral bone. Other
NSAIDs had no effect and were classed as noncatabolic
(e.g. tiaprofenic acid, diclofenac, ketoprofen). More
recent animal research into the tissue effects of
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NSAIDs

Phospholipids

Arachidonic acid

LipoxygenasesCyclo-oxygenases

Phospholipase

Leukotrienes, lipoxinsProstaglandins, TxA2, PGI2 Figure 29.3 The cyclo-oxygenase and lipoxygenase pathways.
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COX-2-selective inhibitors also suggests impaired healing
of ligament, tendon, and particularly bone; however, the
typical use of supratherapeutic doses for long periods and
the absence of adequate research tools exploring the
in vivo consequences of NSAID use following tissue injury
limit extrapolation to the clinical setting.22 This work may
have implications in the selection of NSAIDs for sporting
injuries; however, clinical data currently do not suggest
impaired functional recovery. NSAIDs have little adjuvant
role in acute muscular contusions and tears,19[I], 23[II],
24[I] but may improve the symptoms (but not recovery)
of delayed-onset muscle soreness.19[I]

Peripheral nerve damage demonstrates a true inflam-
matory response, which suggests that NSAIDs may be
useful in this situation, e.g. a herniated disk with a
chemical radiculitis or carpal tunnel syndromes.15[II] Too
few well-designed studies evaluating the use of NSAIDs in
chronic overuse injuries have been published to draw
conclusions regarding their efficacy in these settings.16[I]
NSAIDs are often used in the chronic situation for their
analgesic properties, with variable success. The more
chronic the injury, the more likely it is that permanent
structural damage has been acquired that may be
unresponsive to anti-inflammatory medication alone
(Figure 29.4). The efficacy of medications such as
NSAIDs will depend on where the particular injury lies on
the spectrum of tissue injury from the early ‘‘inflamma-
tion-dominant’’ to the later ‘‘degeneration-dominant’’
states. The focus in overuse injuries, as such, should be
to correct the underlying predisposing factors and to
restore full function. (Promising new therapeutic treat-
ments for overuse soft tissue injuries include aprotonin,
prolotherapy and topical glygeryl trinitrate.)15[II]

NSAIDs are also available as transdermal preparations.
In one systematic review of 37 trials, the relative analgesic
benefit of topical NSAID over placebo was found to be
1.7.25[I] Clinical trials have also demonstrated improved
functional capacity against placebo for ligament sprains
and acute tendinitis.26[III] There are obvious advantages of
using topical preparations in terms of side-effect

profile, with the most notable reaction being minor skin
irritation. Their efficacy may be improved by concurrent
massage and iontophoresis (the electrical current-mediated
transfer of ionic molecules through the skin).27[II]

Recommendations for the clinical use of NSAIDs in
sporting injuries are based on the balance between short-
term gains in function and pain relief and potential side
effects and possible healing impairment. Athletes will
often have an urgency to return to training and compe-
tition, ever more so with the increase in professionalism
of recent decades. It is imperative that the treating phy-
sicians reassess progress and efficacy and monitor side
effects if NSAIDs are to be used in the management of
athletic injuries. It must always be remembered that the
most crucial factor in rehabilitation is not simply the
relief of symptoms but the return to maximal function.
Current practice suggests that NSAIDs should be pre-
scribed as soon as possible following acute injury and
maintained at recommended doses for three to ten days.
Caution should be exercised in the use beyond three days
of NSAIDs for muscular injuries, where healing may be
prolonged.19[I]

CORTICOSTEROIDS

Corticosteroids are one of the most potent anti-
inflammatory medications available to the clinician.
This is partly due to their action on phospholipase A2,
which reduces membrane phospholipid breakdown and
decreases the amount of arachidonic acid available as a
substrate for both the cyclo-oxygenase and lipoxygenase
pathways (Figure 29.3) (see Chapter 6, Clinical phar-
macology: other adjuvants). Corticosteroids also exert
a direct suppressive effect on cellular components of
inflammation and immunity.28 Their broad mode of
action underlies their potential to impair wound healing,
induce tissue catabolism, and disrupt normal tissue
maintenance. Although they were welcomed enthusiasti-
cally by clinicians treating inflammatory arthropathies,
the same characteristics limit the use of steroids in the
sporting context.

Corticosteroids may be given by injection, taken orally,
or delivered by iontophoresis. Oral corticosteroid use is
banned by many sporting bodies, and in any case is sel-
dom indicated in the sporting context owing to potential
side effects and interference with collagen synthesis. Most
research into the efficacy of corticosteroids is carried out
using local injection, and, even then, a great deal of the
information in the sports medicine setting is anecdotal or
of poor statistical value.12

In the absence of an animal model for overuse injury,
studies on the effects of corticosteroid injection on nor-
mal tissues that are commonly injured in sports (tendon,
ligament, and articular cartilage) reveal conflicting
and often deleterious effects. Sharing characteristics of
hypovascularity and a highly differentiated parenchymal
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cell population, these tissues lack the ideal requirements
for tissue healing. Injection studies of ligament and ten-
don have revealed retardation of the normal processes of
acute wound healing29 by inhibiting both the inflamma-
tory and proliferative phases. In a large study on rhesus
knees by Noyes et al.,30 a dose-dependent, significant, and
long-lasting deterioration in the mechanical properties of
the anterior cruciate ligament was noted after a single
intraligamentous, or two intra-articular injections, of
methylprednisolone acetate. While useful in inflamma-
tory synovitis, the effects of corticosteroids on articular
cartilage are primarily catabolic.12, 21 In an extensive
review of the use of anti-inflammatory therapy in sports
injury, Leadbetter12 concluded that the most reliable
effect of corticosteroid use is in the setting of excessive
inflammatory activity. An inadvertent injection into a
dense connective tissue, such as ligament or tendon, is of
concern in sports medicine as cystic spaces and collagen
necrosis can be seen as early as 48 hours later and may
predispose to tissue rupture.29 Despite the concern over
impaired healing and weakening of normal tissue,
injectable corticosteroids have an accepted role in the
management of some sports-related conditions:

� bursitis;
� paratendinitis;
� tenosynovitis;
� joint synovitis;
� vertebral facet joints.

Corticosteroids demonstrate short-term efficacy in
symptom relief for degenerative tendinopathies e.g. lateral
epicondylosis (‘‘tennis elbow’’).15[I] They can decrease
pain sufficiently to allow a rehabilitation program to
proceed, but should rarely be the sole form of therapy.

Corticosteroid preparations vary in their water solubi-
lity. As a result, the duration of action differs. Triamcino-
lone is the least water soluble and therefore a good choice
for achieving long-term effects in joints and bursae.
Betamethasone has a short duration of action and is thus
valuable in bathing tendons, or injecting into tendon
sheaths, where there is a concern for tendon strength.

It is common practice to mix local anesthetic (e.g. 1 or
2 percent lidocaine) with the steroid to reduce the pain
produced upon injection, although it should be noted
that the product information cautions against this prac-
tice because of changes in solubility and drug distribu-
tion. Combining a local anesthetic also allows diagnostic
confirmation of the site of pain and success of placement
by immediate pain ablation.

Corticosteroid injection commonly causes an exacer-
bation of symptoms for one to three days, the so-called
‘‘postinjection flare,’’ due to crystal-induced inflammation.
Local complications also include subcutaneous fat necro-
sis, overlying depigmentation, osteolysis, and possible
increased risk of tendon rupture. Systemic complica-
tions are rare, but include transient hyperglycemia in

diabetics and an allergic reaction (perhaps due to
sodium metabisulfate present in some preparations as a
preservative).

Corticosteroids can also be delivered transdermally via
iontophoresis, which has the advantages of avoiding
injection and its complications and local tissue necrosis
effect of bolus injection. Dexamethasone and methyl-
prednisolone are both suitable for delivery in this fashion,
and this method has been advocated in superficial
inflammatory conditions, such as tendinitis and fasciitis.
Clinical studies have shown earlier relief of pain and
return to function compared with placebo in shoulder
tendinitis and plantar fasciitis.31[III] The ideal variables
for depth of penetration are a current of 4mA applied for
ten minutes with 4 percent lidocaine solution.32 The main
complications are those of skin irritation, either chemical
or thermal, due to inappropriately applied electrodes.

Cryotherapy

The application of ice or cold for the treatment of soft-
tissue injury was first recorded by Hippocrates around
400BC. It remains a cheap, readily available tool in common
usage for sporting injuries that effectively reduces pain
and swelling.22[II], 33 Transfer of heat energy away from
body tissues using a local cold application depends on:

� the temperature difference between the coolant and
the tissues;

� the thermal conductivity of the tissues. (Tissues with
high water content, such as muscle, have a high
thermal conductivity compared with skin and fat.
Subcutaneous fat may act to insulate heat loss to the
environment.)

� the length of time coolant is applied. (Temperature
will fall until equilibrium is reached.)

� the size of the area being cooled;
� the vascularity of the area.

While skin temperature may drop from 30 to 141C using
ice massage, the temperature of muscles only 30–50mm
below the skin may be lowered by as little as 41C.34 This
lowering of local tissue temperature persists for up to
45 minutes.

PHYSIOLOGICAL EFFECTS OF CRYOTHERAPY

Cold application is followed by immediate vasoconstric-
tion of cutaneous blood vessels as an autonomic reflex to
stimulation of skin thermoreceptors. Increased blood
viscosity also contributes to slowed blood flow. By causing
vasoconstriction, cold therapy attempts to limit edema
and painful mediators resulting from the inflammatory
response. A study on ankle volume in sprained ankles
showed a significant decrease following application of a
cold gel pack for 20 minutes when compared with no
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treatment.35[III] The slowing of the metabolic rate
induced by lowering the temperature affects all tissues.
In conjunction with vasoconstriction, which should
minimize the release of active inflammatory mediators,
secondary hypoxic tissue damage can be limited, and this
provides the rationale for the early use of cryotherapy in
acute sporting injury.

The response of muscle has been well studied using the
experimental model of eccentrically induced delayed
onset muscle soreness. Cryotherapy results in improved
range of motion and reduced pain;27[II] however, field
studies of muscular injuries, such as strain and contusion,
are lacking. Muscle strength can be diminished in accor-
dance with the lowered metabolic rate. When combined
with decreased neuromuscular activity, the clinical result
is a loss of motor skill and strength. As mentioned above,
muscle temperature changes persist after the coolant has
been removed. This may possibly be due to the insulating
effect of overlying fat, and is a warning against the use of
ice during a sporting competition when an immediate
return to play is being considered.

Local effects of cooling include a decrease in motor
and sensory nerve conduction velocity, a decrease in the
rate of firing of muscle spindle afferents and stretch reflex
responses, and therefore a decrease in nociception and
muscle spasm.36

Much attention has been given to the role of cryo-
therapy in the postoperative setting. Results of clinical
trials indicate some evidence of improved pain relief,
swelling, range of motion, or time to weight-bearing with
cryotherapy compared with placebo.37[II], 27, 38, 39, 40[II]

There is no evidence-based consensus as to the optimal
frequency of cryotherapy.

POSSIBLE THERAPEUTIC USES OF CRYOTHERAPY

The following uses of cryotherapy are based on the
pathophysiological observations discussed above under
The pathophysiology of tissue injury and repair:

� acute injury;
� pain control;
� relief of muscle spasm;
� chronic edema and joint effusions;
� in the rehabilitation of chronic injury;
� postoperative pain management.

TECHNIQUES OF ADMINISTERING CRYOTHERAPY

Local immersion

This involves immersing the body part in a container of
iced water. At a temperature of 16–181C, immersion can
be tolerated for 15–20 minutes. Whole body immersion is
increasingly used by professional athletes to aid post-
match recovery. Its usefulness, however, has not been
strongly supported by research.

Ice packs

These consist of crushed ice wrapped in a moist towel or
cloth, which molds directly on to the skin of the involved
area. These can be tolerated for 15–20 minutes and care
should be taken to avoid skin damage by frequent
inspection. Application of oil to the skin may provide
some insulation to control the rate of skin cooling and
also causes a rapid run-off of water from the melting ice
to maintain the temperature at the pack–skin interface.

Commercial cold packs

These are plastic or vinyl bags filled with water and a
substance to lower the freezing point. They are stored in
the freezer and remain flexible to enable molding. It
should be remembered that these packs are colder than
ice, and extra care is needed to prevent skin damage
during early application. As a precaution, it is wise to
place a moist towel between the pack and the skin.

Cooling packs may also contain chemicals that are
mixed by breaking a container within the pack to result in
an exothermic reaction. These are obviously for single
use, but are useful in first-aid application.

Ice massage

Ice massage has advantages over ice pack in that it reaches
peak temperature change (in muscle) more rapidly.34[III]
An ice block can be made by freezing a water-filled
Styrofoam cup, which can be partially torn off once fro-
zen. The painful or swollen area is massaged with the ice
block. The massage initially produces a burning sensation,
followed by aching, then numbness. The time to reach
peak cooling at the level of muscle is 15–20 minutes.34

[III] When the pain has been reduced by the massage,
mobilization techniques or exercises can follow.

CONTRAINDICATIONS

Cryotherapy should be used with caution in the following
situations:

� peripheral vascular disease;
� neurological sensory impairment;
� cold urticaria;
� cryoglobulinemia;
� skin wounds.

Other nonpharmacological transdermal
modalities

A multitude of electrotherapeutic modalities are used in
clinical practice for the treatment of sporting injuries,
including:

� ultrasound;
� transcutaneous electrical nerve stimulation (TENS);
� inferential stimulation;
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� high-voltage galvanic stimulation;
� laser;
� extracorporeal shock wave therapy;
� magnetic field therapy.

Their use varies widely among physical therapists and
depends more on empirical clinical experience than sci-
entific evidence. Meta-analyses of clinical trials fail to
conclude that any modality is beneficial in the use of
musculoskeletal pain, acute injury, or rehabilitation.41[III],
27, 42, 43, 44, 45, 46, 47, 48[II], 49[I] Despite the number of
laboratory and clinical studies, results remain inconclusive
as to the benefit of these techniques, and further well-
designed research is required.41[III]

HYPERBARIC OXYGEN THERAPY

The promise of faster recovery by increasing oxygen
concentration at the site of injured soft tissue has led
many professional sporting organizations to use hyper-
baric oxygen therapy (HBOT). This typically involves the
administration of 100 percent oxygen at ambient pres-
sures of 1.5–3.0 atmospheres, once or twice daily for
60–120 minutes. Adverse effects include barotrauma,
oxygen toxicity, and visual deterioration. Trials in ankle
sprains, knee ligament injury, and experimental models
of delayed onset muscle soreness do not show any
benefit in pain scores or functional outcome. At this stage,
there does not appear to be an indication for the use
of HBOT in sports injury where barotrauma is not
involved.50[I], 51, 52

PROGNOSIS

The prognosis regarding sporting injuries depends largely
on the tissue damaged, its degree of injury, and the level
of functional activity expected of it. For example, acute,
uncomplicated fractures can heal to their functional
premorbid level, but acute or degenerative tendon rup-
tures, despite optimal primary repair, hold a low expec-
tation of return to preinjury levels of activity. A small
rotator cuff tear in a recreational tennis player may not
result in any symptoms once rehabilitated, but the same
injury in a professional baseball pitcher may mark the end
of his career. Other sporting injuries have recognized
long-term sequelae, such as the relationship between
meniscal tears and the later development of osteoarthrosis
of the knee joint.
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KEY LEARNING POINTS

� Opioid tolerance occurs in a variety of settings, often in

patients who are predisposed to the development of

acutely painful conditions. Despite this, opioid-tolerant

subjects are most often excluded from acute pain

studies; thus there is little evidence to guide

management.
� A collaborative interdisciplinary approach to the

assessment and management of these patients is

essential.
� Goals include optimization of analgesia, management of

psychiatric and behavioral disorders, and prevention of

withdrawal syndromes.
� Opioid requirements are increased two- to three-fold.

The usual opioid should be viewed as the baseline

requirement and, where possible, continued. Patient-

controlled analgesia (PCA) with larger than usual bolus

doses is the technique of choice for moderate to severe

pain.
� Buprenorphine and naltrexone provide particular

challenges and specialist advice may need to be sought.
� Adjuvant agents, particularly ketamine, decrease opioid

requirements, may reduce tolerance, and are effective

for neuropathic pain.
� The role of nonpharmacological therapies is poorly

studied, although they would be expected to be useful.
� Follow up must include communication with the usual

treatment provider with monitored return to the

preexisting opioid regimen, and, where indicated,

referral for ongoing specialist management.

OVERVIEW

Acute pain in the setting of opioid tolerance provides
substantial assessment and management challenges.1

Opioid tolerance may be seen in patients with:

� persistent noncancer pain;
� persistent cancer pain;

� substance abuse disorder (SAD);
� acute tolerance.

There may be overlap between these groups. For example,
some patients with noncancer pain exhibit aberrant drug-
taking behaviors; those with SAD may also have persistent
pain; and cancer pain may occur in those with a history of
SAD or persistent noncancer pain. Patients with SAD who



are in remission and drug-free present particular
challenges for pain management;2 however, it would not
be expected that this would include opioid tolerance.

Systematic investigation of opioid-tolerant patients is
potentially confounded by complexity and heterogeneity.
As a result, these patients are almost always excluded from
studies of acute pain. The influence of psychological
factors such as anxiety, depression and the meaning of
surgery has been investigated in opioid-naive patients,3

and although these issues would be expected to be
extremely important in the opioid-tolerant, they have
been far less studied in this group.

There is little high-level evidence to guide assessment
and management recommendations. Evidence-based
acute pain management guidelines published by the
Australian and New Zealand College of Anaesthestists in
2005 contain no level 1 citations and only one level 2
citation in the section on the opioid-tolerant patient;1

thus, of necessity, reliance is placed upon case series,4, 5, 6,
7, 8 case reports,9, 10 and expert opinion.11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25

DEFINITIONS

To avoid misconceptions and mislabeling, it is essential
that uniform definitions are employed. In particular, it is
important to differentiate ‘‘addiction’’ from the common
consequences of long-term opioid administration, parti-
cularly tolerance and physical dependence.

Tolerance is ‘‘a state of adaptation in which exposure to
a drug induces changes that result in a diminution of one
or more of the drug’s effects over time.’’26 This occurs for
both desired and adverse effects, often at different rates or
in some cases not at all.26 Pseudotolerance has been used
to indicate that the requirement for increased opioid
dosing is due to other causes, for example disease
progression, rather than true tolerance.19

Cross-tolerance is tolerance to the effects of agents
within the same drug class.16 For example, methadone-
maintained patients are cross-tolerant to the effects of
high concentrations of morphine.27

Physical dependence is ‘‘a state of adaptation that is
manifested by a drug class-specific withdrawal syndrome
that can be produced by abrupt cessation, rapid dose
reduction, decreasing blood level of the drug, and/or
administration of an antagonist.’’26

Addiction is ‘‘a primary chronic neurobiologic disease
with genetic, psychosocial, and environmental factors
affecting its development and manifestations. It is char-
acterized by behaviors that include one or more of the
following: impaired control over drug use, compulsive
use, continued use despite harm, and craving.’’26

Although some favor the use of the term ‘‘addiction,’’28

the stigma associated with this label has led to the use of
other terms such as substance misuse or even substance
use. Regardless, this is not a predictable drug effect,

but rather occurs in susceptible individuals with the
appropriate environmental and other triggers.26

The American Psychiatric Association (DSM-IV29)
uses the terms substance dependence and substance
abuse. Substance dependence disorder involves three of
the following over a 12-month period: tolerance, with-
drawal, higher doses or longer duration of therapy than
intended, unsuccessful attempts at cessation, excessive
time spent obtaining the substance, reduced activities
because of the substance, and ongoing use despite adverse
physical or psychological consequences. Substance abuse
disorder involves at least one of the following over a
12-month period: failure to fulfill major role obligations,
use in physically hazardous situations, substance-related
legal problems, and ongoing use despite social or inter-
personal problems caused by the substance. It is notable
that abuse may occur in the absence of physical depen-
dence or tolerance.

The term ‘‘pseudoaddiction’’ has been used to describe
the phenomenon whereby there are the behavioral hall-
marks of addiction, but these aberrant behaviors resolve
with the provision of adequate pain relief.30 This condi-
tion is identified retrospectively and may be difficult
to differentiate from addiction.19

OPIOID-TOLERANT PATIENTS IN ACUTE
SETTINGS

Opioid consumption and adverse effects

Postoperatively, opioid-tolerant patients using patient-
controlled analgesia (PCA) administer on average two to
three times more opioid than do matched opioid-naive
controls undergoing similar surgery.4, 6, 7, 8[III] The
explanation is probably multifactorial and may include
psychosocial issues such as levels of trait anxiety,
depression,31 and the amount of social support,32 which
are known to predict PCA use. Opioid-tolerant patients
are more likely to become sedated, possibly due to
greater administration of anxiolytics,4, 33 but less likely to
experience adverse effects such as nausea and vomiting.7

Pain scores

Despite higher opioid consumption, opioid-tolerant
patients report consistently higher rest and dynamic pain
scores.4, 7, 8[III] Persistent pain is an independent pre-
dictor for the presence of severe postoperative pain,31, 34

particularly in those with noncancer pain.4 High pain
scores may represent part of a learned response to validate
pain experience or to obtain assistance, including more
analgesia,4 or may reflect pathological states such as
opioid-induced hyperalgesia (OIH). Staff tend not to rely
on pain scores, instead using functional measures such
as ability to cough and ambulate.33
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Workload impact

Opioid-tolerant patients increase the workload for
attending clinicians, requiring greater time for assessment
and management. Compared with matched opioid-naive
patients, those with persistent pain and opioid-tolerance
require more PCA opioid prescription changes, more
frequent nonroutine review, and longer duration of care,
increasing the workload of an acute pain service.8[III]
Greater workload demand has been demonstrated in a
labor ward setting.5[V] PCA with background infusion is
perceived by staff as the least labor-intensive method of
providing analgesia.33[V]

Staff knowledge and attitudes

These patient groups may invoke strong feelings in
attending staff. In the acute setting, patients with non-
cancer pain are perceived as ‘‘manipulative,’’ ‘‘not con-
genial,’’ and ‘‘not cooperative,’’33 and as having high levels
of anxiety.4 There is apprehension regarding the large
opioid doses required,33 which may reflect unjustified
concern about exacerbating ‘‘addiction,’’ or causing
adverse events, particularly respiratory depression. Nur-
sing and medical staff may have limited understanding of
opioid pharmacology, particularly regarding the differ-
ences between tolerance, physical dependence, and SAD.
The consequences of the rising abuse of prescription
opioids may include stigmatization of those treated with
opioids, and ‘‘opiophobia’’ in healthcare providers.35

These factors may lead to undertreatment of pain. This
has been shown in ambulatory AIDS patients, where a
history of SAD reduces the likelihood of strong opioid
prescription, even for severe pain.36

In a small study of public teaching hospital inpatients
with active SAD and treating internists,37 some important
themes emerge. The doctors are concerned about decep-
tion and being manipulated into opioid prescribing.
There is a variable and inconsistent approach to assess-
ment and management, and a tendency to avoid
addressing pain and its treatment.

Patient concerns

There may be fear of inadequate treatment of pain, acute
withdrawal, disrespectful treatment by staff, and, for those
on methadone maintenance treatment (MMT), the pos-
sibility that methadone replacement will not be given.21

Concern about stigmatization may lead to denial of drug
use and impede identification.21 It is known that pain
expectations are influenced by past experiences of pain;38

patients who encounter judgmental attitudes may be
afraid of future undertreatment.21

Patients may interpret medical behavior, and even
systems delays, as evidence of stigmatization and inade-
quate treatment.37 Interestingly, individuals with SAD

express the same skepticism (as the medical staff) about
others with SAD and feel that this leads to stigmatization
and undertreatment of their own ‘‘legitimate’’ pain.37

Patients and prescribers may be concerned that opioid
prescription will trigger a relapse of SAD. Triggers for
relapse include states of stress (such as inadequately
treated pain and anxiety2), availability, and exposure to
cues that were previously associated with drug taking.39

Inadequately treated pain may be a greater risk for
relapse than is the rational use of opioids for acute
management.16, 19[V]

PATIENT GROUPS AND CLINICAL FEATURES

Patients with persistent noncancer pain

Persistent noncancer pain is a significant global disease
burden.40, 41, 42 Opioids are one treatment option,43

ideally prescribed in the context of a multidisciplinary
assessment and management paradigm. Over the past two
decades, the prescription of opioids for noncancer pain
has increased significantly, as shown by data from North
America,44, 45 Europe,46 and Australia.47 An exception is
the use of pethidine (meperidine), which has declined.45

In seven US states from 1998 to 2003, despite only a 31
percent increase in eligible individuals, total numbers of
Medicaid opioid prescriptions almost doubled and related
costs tripled.48 It is expected that increasing numbers
of opioid-tolerant patients with noncancer pain will be
seen in acute settings.

The experience of persistent pain is multidimensional,49,
50 and patient presentation in acute settings is influenced
by the factors described below.3

� Psychological factors, cognitive (memory including
previous pain experiences, learning, attention,
discrimination, the meaning of pain, expectations,
coping ability and strategies, control) and affective
(anxiety, depression, anger, fear).

� Psychiatric comorbidities, including mood and
anxiety disorders.

� Sociocultural factors, for example, social support
and cultural beliefs.

� Pathophysiological factors. It is hypothesized that
the patient with long-standing cancer or noncancer
pain with central sensitization is predisposed to the
exacerbation of preexisting pain syndromes or the
development of new ones.13[V]

The outward manifestation of this complex mix is pain
behaviors. The contribution of the above factors and
hence the behaviors will vary from one individual to the
next, and over time in the same individual.50

Estimated rates of aberrant drug-taking behaviors51 in
patients with persistent noncancer pain treated with
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opioids vary from 3 to 35 percent.52, 53, 54 This is due to
variation in study populations, definitions of aberrant
behaviors, and detection methods. Predictors of drug
misuse in those with persistent pain include younger age,
personal or family history of SAD, anxiety, and legal pro-
blems including drug- or alcohol-related conviction.54,
55, 56 Those with aberrant behaviors are more likely to
have coexisting psychiatric illness55 and to endorse opioid
efficacy while acknowledging the addictive potential.56

Patients with persistent cancer pain

Opioids are integral to the management of background
and breakthrough pain in patients with cancer, with most
experiencing relief with administration according to
published guidelines.57 Acute pain may occur as a result
of the malignancy, the effects of treatment (for example,
mucositis following chemotherapy), or unrelated condi-
tions. The acute presentation may be influenced by:

� psychological factors, such as anxiety, anger and fear;
� psychiatric comorbidities, for example depression;
� spiritual, including existential issues, grieving and

end-of-life concerns;58

� sociocultural issues, including spouse/family grieving,
other caregiver issues, cultural perspectives, and
social support;

� physical symptoms related to malignancy and/or
treatment. This may include delirium which has
significant consequences for pain assessment and
management.

Patients with substance abuse disorder

Substance abuse disorder, particularly injecting drug use,
predisposes to the development of particular types of
acute pain, including traumatic injury, infections (for
example, subacute bacterial endocarditis, epidural abscess,
septic arthritis, AIDS-related), ischemia from inadvertent
intra-arterial injection or embolism, and pancreatitis. In a
Canadian study of illicit drug users outside treatment
programs, approximately half had presented to an Emer-
gency Room in the previous 6 months.59

SAD is a disease with both genetic60 and environ-
mental determinants, and presentation may be at any
stage of the disease, from active untreated polysubstance
abuse to stable remission.19 Identification and manage-
ment may be hampered by urgent presentations, parti-
cularly if a history of drug use is denied or is not available,
for example when mental state is altered by intoxication
or withdrawal.

EPIDEMIOLOGY

The 2001 National Household surveys in the USA and
Australia demonstrated lifetime prevalence of heroin use

of 1.4 and 1.6 percent, respectively, with 0.2 percent of
community subjects in both countries reporting heroin
use within the previous 12 months.61 In young adults in
the USA, previous 12-month prevalence of substance
abuse or dependence was 24.7 percent for all substances,
5.1 percent if alcohol and marijuana were excluded, and
8.5 percent met the criteria for at least one SAD and one
other psychiatric diagnosis.62

Since the early 1990s there has been growing awareness
of prescription opioid abuse, the prevalence of which is
increasing.35, 45, 59, 63 For example, since its introduction
to the United States in 1995, abuse of the sustained-
release opioid oxycodone (Oxycontins) has steadily
grown.64 Internet sites now provide no-prescription
access to prescription drugs in an unregulated manner.65

The National Epidemiologic Survey on Alcohol and
Related Conditions in 43 093 adults, reported a lifetime
prevalence of nonmedical use of opioids of 4.7 percent,
with abuse in 1.4 percent of cases.66 In those on MMT,
prescription opioid abuse is widespread.67

Polysubstance abuse, often involving both illicit agents
and legal substances such as alcohol68 and tobacco,69 is
common in SAD,67 including in those undergoing treat-
ment.68 Pharmacotherapies, particularly naltrexone17 and
buprenorphine,23 increase the complexity of acute pain
management (see below under Specific therapies).

COMORBID DIAGNOSES

Substance abuse disorder commonly coexists with other
psychiatric diagnoses, so called dual-diagnosis.70 Asso-
ciations include personality disorders,71, 72, 73, 74 particu-
larly of the antisocial, borderline or dependent types,
mood disorders,59, 73, 75 anxiety disorders,59, 73 post-
traumatic stress disorder,76 eating disorders, and
schizophrenia-spectrum disorders.77

Risk-taking behaviors associated with SAD, such as
needle sharing, increase the prevalence of hepatitis B and
C, and HIV/AIDS.5, 59, 78 Resultant end-organ dysfunc-
tion may contraindicate some interventions, for example,
using paracetamol (acetaminophen) in hepatic disease or
neuraxial blockade in the presence of coagulopathy.

There is a significant overlap with persistent pain.59, 79

In a US study of 248 MMT participants, 61.3 percent
reported persistent pain with almost half reporting that
treatment of pain had led to addiction.80 Comorbid
pain in SAD is associated with more psychiatric illness,
greater difficulty controlling violent behavior, impaired
concentration, and greater healthcare utilization.79

Self-medication for pain may determine the choice
of substance,79 for example prescription opioids,67 and
interfere with management of SAD.81

PSYCHOSOCIAL ISSUES

Substance abuse disorder is independently associated
with social disruption, including problems related to
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employment, housing, finances, access to healthcare ser-
vices, involvement in crime and with the legal system;77

social problems are more common in those with a dual
diagnosis. In a Canadian study of 679 illicit opioid users,
half did not have permanent housing, a similar propor-
tion had been arrested in the previous year, and a
majority were under some form of legal restraint.59

DRUG-SEEKING BEHAVIOR

Clinicians are aware of the potential for drug-seeking
behavior with acute pain as a presenting feature.82 This
raises ethical and regulatory concerns in relation to the
potential for drug diversion and behavioral reinforce-
ment.1 A balance needs to be obtained between addres-
sing this concern and potential undertreatment of pain.
While prescribers should be aware of scams used to
obtain opioids for diversion,35 it should also be appre-
ciated that so-called ‘‘drug-seeking’’ may represent ‘‘pain-
relief seeking.’’16 A careful history and examination is
important, as is liaising with the patient’s usual treatment
providers and consulting with local drug and alcohol and
psychiatric services.16 It may be better to err on the side of
treating the occasional patient who is drug-seeking, rather
than delaying treatment of some with legitimate pain.

Acute opioid tolerance

Tolerance, or at least the appearance of tolerance, may
develop surprisingly quickly, with a time course as short
as days or even hours. Relevant settings include those
where high doses are administered, for example in an
intensive care unit, or following use of particular opioids,
such as remifentanil by infusion.83

Animal studies confirm that tolerance is more likely
with low potency opioids like morphine than it is with
high potency ones like sufentanil, and the degree of tol-
erance is dose related.84 Human studies examining the
development of acute tolerance yield conflicting results.
Some show that intraoperative remifentanil85[II] or high-
dose fentanyl86[II] induce tolerance resulting in increased
postoperative opioid requirements, whereas others report
no such effect.87, 88, 89[II] Likewise, volunteer studies show
both positive90[IV] and null effect.91, 92[II] The clinical
significance of acute tolerance is not known.

Opioid-induced hyperalgesia

Opioids may result in paradoxical excitatory effects, such
as myoclonus, seizures, and hyperalgesia.93 Circumstances
associated with hyperalgesia include chronic dosing, high
or rapidly escalating doses, opioid withdrawal, and ultra-
low doses.93, 94, 95 Human and animal evidence for OIH
has been comprehensively reviewed elsewhere.93

In a volunteer model an area of capsaicin-induced
hyperalgesia and allodynia was increased following ces-
sation of remifentanil.92 Comparison of intraoperative
low- and high-dose remifentanil shows that the latter
results in greater wound hyperalgesia and postoperative
opioid requirements, and that this is reversed by the
coadministration of ketamine.96[II]

It is uncertain whether so-called acute tolerance
represents tolerance or OIH. Additionally, the require-
ment for increased opioid doses to treat acute pain in
those with opioid tolerance may be a manifestation
of OIH.93, 97 There is no clear guidance about how to
differentiate these phenomena clinically, although this has
management implications. Quantitative sensory testing
may be helpful.97 Management of OIH may include
opioid dose reduction, rotation to a different opioid class,
and the use of nonopioid analgesics,97 particularly
N-methyl-D-aspartate (NMDA)-receptor antagonists.94[II]

Pain tolerance

Patients on long-term opioid therapy exhibit greater pain
sensitivity than do controls.27, 98, 99, 100 In subjects
receiving MMT (dose range 12–100mg/day orally) and
buprenorphine (range 8–12mg/day sublingually), com-
pared with matched opioid-naive controls, withdrawal
latencies for cold pressor pain are reduced.98 Likewise, a
small number of patients with persistent noncancer
pain had reduced cold pressor threshold and tolerance
within one month of commencing sustained-release
morphine.101 This may be a manifestation of OIH.

PATHOPHYSIOLOGY

Opioid tolerance

The mechanisms of opioid tolerance are complex,
incompletely understood and may vary for different
opioid effects.102, 103 Adaptations at multiple levels
involve interplay between opioid receptors, postreceptor
intracellular signaling mechanisms, NMDA receptors,
and excitatory amino acids.102 There is overlap with
mechanisms of hyperalgesia and pathological pain.97, 104,
105 Elucidation of these processes may lead to the
development of novel therapies to prevent the develop-
ment of tolerance or to improve analgesia in those with
established tolerance.

Activation of the m-opioid receptor (MOR) promotes
receptor phosphorylation by a G protein-coupled recep-
tor kinase (GRK)106 initiating binding by b-arrestin.107

This leads to uncoupling of the receptor from G proteins
(Gi/Go) with blunting of receptor signaling (desensitiza-
tion) and also to receptor internalization and trafficking
within the cell. Some receptors are degraded, for example
within lysosomes, and others are recycled.107 The precise
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role of internalization and its relationship to the devel-
opment of tolerance is unclear. Internalization may
represent a means for receptor resensitization.107 Less
MOR internalization is seen with morphine106 than with
agonists of higher intrinsic efficacy such as fentanyl, and
this may explain why tolerance is more likely to develop
with morphine.107

Other receptors are implicated. Activation of NMDA-
receptors by glutamate leads to increased intracellular
calcium, protein kinase C (PKC) activation, production of
nitric oxide, and neuronal apoptosis.12 NMDA-receptors
are regulated by PKC with its phosphorylation leading to
removal of the blocking magnesium ion. Nitric oxide
increases the release of excitatory neurotransmitters.12

Tolerance is inhibited in animal models by NMDA-
receptor antagonists MK801, dextrometorphan, and
ketamine.

Excitatory neurotransmitters, including calcitonin
gene-related peptide (CGRP), colocated L-glutamate and
substance P,108 neurokinins, glycine, and more recently
discovered transmitters such as orexin, are involved.107

Activation of CGRP, NK-1, and NMDA-receptors on the
postsynaptic membrane leads to the generation of pros-
taglandins and lipoxygenase metabolites which results in
release of more excitatory neurotransmitters.108 In
patients with cancer pain treated with intrathecal
opioids, loss of analgesic effectiveness is associated with
higher cerebrospinal fluid (CSF) levels of glutamate and
aspartate than those measured during periods of pain
control.109

Physical dependence

Following cessation of opioids, neuronal hyperexcitability
is associated with superactivation of cAMP and increased
levels of adenyl cyclase with protein kinase A activa-
tion.107 Alterations in neurotransmitter release include
enhanced GABA-ergic transmission and hyperexcitability
of neurones in the peri-aqueductal gray.107 Elevation of
CGRP in the medulla oblongata and corpus striatum
mediates increased cAMP levels with induction of
cFOS.108 Endocannabinoids may be involved in physical
dependence possibly via modulation of CGRP.108

Addiction

Mesocorticolimbic dopaminergic pathways are part of the
common reward system for drugs of addiction.2, 60, 110

There is an interaction between the endogenous canna-
binoid system and the opioid system in terms of drug
reward and abuse,111 although the details of this remain
to be clarified. The endogenous opioid system is involved
in the rewarding effects of nonopioid drugs, for example
alcohol.60 Long-term neurophysiological changes support
the conceptualization of SAD as a chronic, potentially

relapsing, disease.2 These adaptations include trans-
cription factor induction, glutaminergic activation, and
increased spinal dynorphin.12

Opioid-induced hyperalgesia

Chronic opioid treatment results in system adaptations in
both negative (desensitization, tolerance) and positive
(sensitization, OIH) senses.93, 97 Mechanisms of OIH
include sensitization in the periphery, enhanced des-
cending pronociceptive pathways,104 increased release of
excitatory neurotransmitters, and sensitization of second-
order neurons to neurotransmitters.93 NMDA-receptor
activation, cAMP up-regulation, release of spinal dynor-
phin,104 increased expression of Gs-coupled opioid
receptors, and, in some cases, the action of opioid
metabolites (for example, morphine-3-glucuronide) are
also involved.103, 112 Resolution of OIH probably occurs
due to up-regulation of inhibitory pathways including
endogenous opioid mechanisms.93, 113 This may render
the animal vulnerable to reactivation of OIH with
subsequent opioid exposure.113

Hyperalgesia may occur as a result of nonopioid
mechanisms, including those involving the NMDA-
receptor and impaired glycinergic inhibition.93 This may
resolve with switching from a phenanthrene (for example,
morphine) to a piperadine (for example, sufentanil or
fentanyl).93

Learning and conditioning may play a role in both
OIH and tolerance, although the contribution of these
processes is not well understood.12, 93

PATIENT ASSESSMENT AND MANAGEMENT
PLANNING

General principles

� Identification is important. In the management of
persistent pain, it has been suggested that a universal
precautions approach, that is, a careful assessment of
all patients in relation to drug use, allows
stratification according to risk, reduces stigma, and
improves patient care.39[V] In the acute setting, for
many reasons this is not always possible, but drug
users may not fit a stereotype and a high index of
suspicion should be maintained. The following triad
is predictive of opioid tolerance: higher pain scores,
greater opioid requirements, and lower opioid side
effects than expected.7[V]

� It is likely that more time will be needed than in the
opioid-naive patient.

� An open, honest, nonjudgmental approach with
maintenance of privacy and confidentiality promotes
patient trust18[V] and is likely to facilitate
assessment. The patient should be reassured that a
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history of SAD or previous bad experiences of pain
management will not preclude the provision of
analgesia.18, 21[V]

� A detailed pain history is required to make a
diagnosis, inform treatment aimed at the primary
disease process, infer whether the pain is likely to be
opioid-sensitive, and determine the role of non-
opioid (including nonpharmacological) therapies.19

[V] In particular, nociceptive and neuropathic pain
should be differentiated as treatment modalities differ
(see below under Adjuvants).

� Assessment (and management) requires an integrated
approach, which includes liaison with the usual
healthcare providers and knowledge of local
resources.20[V] Relevant services include the primary
care physician, pain management specialist/clinic,
drug and alcohol services, consultation-liaison
psychiatry, clinical psychology, and social work.

� The patient should be included in the development
of the management plan.15[V] This must include
reassurance about the aims of treatment, in
particular that pain management is a high priority.21

However, realistic goals should be identified,1[V]
expectations clearly outlined and limits on behaviors
set. It is easier if one physician (or service) has
overall responsibility for pain management decisions.
Staff members should demonstrate consistency in
relation to the management plan; this reduces the
potential for dysfunctional interactions within the
team, and between the patient and staff.114[V]

� Assessment may be difficult. In general terms, pain
scores are unreliable and it is more useful to use
functional measures, for example ability to cooperate
with postoperative rehabilitation.33[V]
Postoperatively, persistently high pain scores may
mask or delay the diagnosis of surgical complications
or result in unnecessary reoperation.

� The clinician should be mindful of appropriate
labeling and consider the stigma associated with
particular terminologies (for example, ‘‘addict’’).12[V]

The patient with persistent pain (noncancer
and cancer)

In addition to the general principles outlined above, a
pain-related history should identify:

� pain diagnosis or diagnoses;
� comorbid diagnoses, including anxiety, depression,

and SAD;
� medically prescribed opioid and nonopioid

medications, including doses and routes (in a small
proportion of cases, this may involve intrathecal
opioid administration (see below under Specific
therapies);

� current healthcare providers;

� experiences and expectations of acute pain
management – in particular, what has been effective
in the past;22

� drug allergies and reactions.

The patient with SAD

Apart from the general issues already listed, the following
are important.

� Usual treatment providers and current management
of SAD, including maintenance therapies, such as
naltrexone, buprenorphine, and methadone, should
be identified.

� Take a complete drug history, defining all substances
used, whether medically prescribed or illicit,
remembering that polysubstance abuse is common.
Dose estimates should be made, although this may
be difficult for illicitly acquired agents. A urine drug
screen may be helpful,22[V] although limitations
should be recognized.

� For prescribed medications, an attempt should be
made to verify doses with the usual provider.19[V]
If this is unable to be done, for example with
methadone, it has been recommended that the
reported amount is given in two to four divided
doses and the response observed.1, 21, 22[V]

� Attempt to determine whether the problem is
primarily pain or addiction, or a combination.19[V]

� Define comorbid pathologies, for example, blood-
borne viruses, hepatic disease, other infections,
persistent pain, and the presence of or potential for
abstinence and intoxication syndromes. The specific
features of intoxication and withdrawal syndromes
for different drug classes are described elsewhere.29

� Assess the patient’s social situation including
associates and supports.

� Identify behaviors including drug seeking or using,
unacceptable interactions with staff (for example,
aggression, manipulation, or lying114), and risk
taking (for example, unsafe injecting techniques,
injection into medically placed intravenous lines). Be
mindful that ongoing drug-taking behaviors may
occur in an inpatient setting and result in
cardiopulmonary arrest calls.5[V]

GENERAL PRINCIPLES OF MANAGEMENT

Management goals

� Optimisation of analgesia through the use of a
multimodal approach that includes adequate opioid
doses. Maximize nonopioid analgesia, including,
where indicated, regional blocks and adjuvants.
Consider the use of nonpharmacological strategies
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addressing the cognitive and affective aspects of the
pain experience,3 including for example to increase
the patient’s sense of control over pain.

� Management of psychiatric and behavioral disorders.1

� Prevention of abstinence syndromes. Opioid-tolerant
patients are at risk of opioid withdrawal syndromes,
if administered by a completely nonopioid technique.
Nonopioid substances, including nicotine,
benzodiazepines, and alcohol, may be overlooked.
A careful history, withdrawal protocols, and judicious
replacement are important.

Importance of a collaborative approach

There is great value in collaboration with those having
special expertise, for example, drug and alcohol services,
pain management and palliative care specialists, and
consultation-liaison psychiatrists. Advantages include:

� the patient may be known to the other provider;
� access to skilled specialist assessment, as well as

expertise in negotiation with and support for the
patient;

� advice regarding opioid dosing and the use of
adjuvants;

� in the case of SAD, specialist management of drug-
related issues such as withdrawal, intoxication, and
overdose;

� behavioral management (see below under
Management of psychiatric and behavioral
disorders);

� discharge planning and follow up;12[V]
� collaborative guideline development and education.

Management of psychiatric and behavioral
disorders

� Where required, seek specialist advice. Advantages for
the individual physician or acute pain service include
skilled assessment, patient support, withdrawal
regimens and protocols, contracts, appropriate
pharmacotherapy, and discharge planning.

� Promote a team approach,115 with clearly defined
roles, a unified management plan, and avoidance of
dysfunction, for example, where the patient pits one
part of the team against the rest. Ensure adequate
communication, including, for example, team
meetings.114, 115

� Set appropriate limits.23 At times a written behavioral
contract, as is widely used for opioid therapy in an
outpatient setting,21 may be required to formalize
expectations,22 minimize disruption for ward staff,
and promote patient safety.

� It is important to be aware of institutional policies
regarding the management of unsanctioned drug-
taking on the ward or in the Emergency Room.

Additional security measures, such as security staff
surveillance or involvement of the police, may be
required.

Issues in SAD

� It is helpful to distinguish between pain management
and the treatment of addiction. The former includes
anxiety reduction, a nonjudgmental approach, higher
opioid doses, and avoidance of antagonists and
mixed agonists–antagonists (for example,
pentazocine, nalbuphine, and butorphanol).16, 21[V]
The latter requires verification of doses with the
usual prescriber, administration of the usual opioid
where indicated, and notification (on discharge) of
medications prescribed in hospital as these will
appear in urine drug screens.16[V]

� Drug security may be an issue and locked PCA and
infusion devices should be used.18[V]

� Venous access is often difficult and central venous
cannulation may be required.5[V] This carries the
risk of unsanctioned access and the potential for
bacterial infection or other complications, such as air
embolism.

� During an episode of acute pain is not the optimal
time to attempt detoxification or rehabilitation
management.19[V] However, it may represent an
opportunity to refer the patient for ongoing SAD
management.21[V]

OPIOID MANAGEMENT

Usual opioid

Full-agonist opioids should be continued, even if the
patient is fasting preoperatively.12, 22[V] Where this is not
possible, parenteral replacement should be provided.
Long-term tramadol should be continued as withdrawal
associated with cessation has been described.116[V]
Management of partial agonists and antagonists is more
complex (see below under Specific therapies).

Additional opioid

The usual opioid should be regarded as the baseline
requirement with extra analgesia provided for acute
pain.22[V] Some would advocate a 50 percent increase in
the dose of the usual long-acting agent.13[V] It has been
suggested that patients with SAD may be better managed
with a time-contingent dose, rather than an as-needed
schedule,18, 21[V] as this may decrease potential conflicts
with staff and provide more stable serum drug levels.

The addictive potential of medications is known
to be influenced by dose, route of administration,
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coadministration with other drugs, context, and expec-
tations; in particular, more rapid rate of onset is asso-
ciated with greater reinforcement.28 As a general rule, less
addictive medications and the oral route should be con-
sidered whenever practicable, although parenteral
administration may be required for initial stabilization18

[V] or if the patient is ‘‘nil per oral.’’ There is no indi-
cation for the use of pethidine, even in those with aller-
gies. The high opioid requirement may increase the risk
of norpethidine (normeperidine) toxicity including
seizures,21[V] and alternatives are available. Due to the
risk of opioid withdrawal, a technique solely using tra-
madol is not recommended.1[V]

Opioid-tolerant patients undergoing surgery are
at increased risk of intraoperative awareness,117[II] and
management should address this. In the ventilated
patient, it may be useful to induce spontaneous ventila-
tion towards the end of the surgery and titrate the opioid
to achieve a respiratory rate of 14–16 per minute before
emergence from anesthesia.12, 13[V]

Patient-controlled analgesia

Intravenous PCA is frequently the mainstay of treatment
and is widely regarded as the technique of choice.22[V] It
allows individual dose titration and reduces workload for
ward staff. Where the patient is able to continue the usual
opioid, this is given along with a bolus-only PCA.
Otherwise, the PCA is programmed with a larger than
usual bolus dose plus a background infusion to replace
the usual opioid.

Davis and colleagues propose the following regimen to
estimate PCA requirements.15, 118[III] Before anesthesia
induction and with oxygen therapy and full monitoring,
an intravenous infusion of fentanyl at 2mg/kg per minute
is titrated until respiratory rate is less than 5 per minute.

Pharmacokinetic simulation software is used to calculate
the fentanyl effect site concentration (Ce) near the onset
of respiratory depression. Intraoperatively, an hourly
infusion rate to produce a fentanyl Ce that is 30 percent
of that associated with respiratory depression is pro-
grammed. Postoperatively, 50 percent of this rate is given
as a background infusion, with the remainder given as
PCA bolus doses aiming to maintain a demand dose
rate of two to three per hour. At four-hourly intervals,
the background infusion is altered (� 20 percent) to
maintain the target bolus dose rate.

Opioid rotation

Opioid rotation, that is replacement of the usual opioid
with a different one, may prove a useful strategy. Evidence
for this practice comes from the management of cancer
pain, generally in the setting of inadequate analgesia or
intolerable adverse effects, and most frequently rotating
from morphine to methadone.119[III] Pain control may
improve and side effects decrease.119, 120[III] The effec-
tiveness of opioid rotation may be explained by loss of the
adverse effects of metabolites, particularly in the presence
of renal impairment, and differing receptor affinity.119

Opioid rotation may be particularly useful in patients
treated with high-dose opioids where there is concern
about OIH.

A common approach is to calculate the previous 24-
hour opioid requirement in morphine equivalents, con-
vert this to an equianalgesic dose of the new agent (see
Table 30.1), and then reduce this by 30–50 percent.123[V]
It should be noted that conversion from one opioid to
another is complicated by conflicting data about equi-
analgesic dosing, differences in single dose compared with
chronic dosing studies, opioid receptor diversity, and
variation depending upon the direction of switch.121, 124

Table 30.1 Estimateda equianalgesic doses of opioids (after Ref. 121).

Opioid Dose

Morphine (M) 10mg intravenously (i.v.), 20–30mg oral (p.o.), 1mg epidural, 0.1mg intrathecal122

Fentanyl 150 mg i.v. or transdermal

Hydromorphone

(HM)

2mg i.v.b or 4–6mg p.o.

Oxycodone 7–10mg i.v.c or 10–15mg p.o.d

Methadone (ME) 2–4mg parenteral or 5–8mg p.o.e

Buprenorphinef 0.3mg i.v.25 or 0.8mg sublingually12

Tramadol 100mg i.v. or 100–150mg p.o.g

aSee text for discussion of the difficulties regarding equianalgesic estimation.
bDirection of switch is important (M to HM 5:1, HM to M 3.5:1, overall potency ratio HM:M 4.3:1).121

cPotency of oral is 70% of i.v. administration.
dWide ranges of bioavailability reported.121

eConversion is dose-dependent:121 morphine dose: 30–90mg M:ME 3.7:1; 90–300mg M:ME 7.75:1; 4300mg
M:ME 12.25:1.
fBuprenorphine 0.8mg is equivalent to 20mg oral methadone;12 potency 25–50 times that of morphine.25

gConversion ratios may be different in neuropathic pain.
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Cross-tolerance between opioids may be incomplete
and asymmetric.125 Changing to an opioid with
higher intrinsic activity, for example from epidural
morphine to sufentanil in opioid-tolerant patients with
cancer pain undergoing laparotomy, improves analgesic
efficacy.126[III]

Step-down analgesia

Conversion from parenteral to oral analgesia requires
provision of information and reassurance, dosing based
upon the previous 24-hour opioid use,15[V] and often
more time than in the average patient. One approach is to
convert the last 24-hour opioid use to oral-dose equiva-
lents, give half to two-thirds as a time-contingent long-
acting agent, and then give additional immediate-release
opioid for breakthrough pain.13[V] At the time of dis-
charge, usual opioid doses may not be sufficient for pain
control.13 A time-limited prescription may be required,19

with doses tapered over a week or more.12[V] Some
patients will require daily or second-daily dispensing.22

[V] Liaison with the usual prescriber is essential.16[V]

REGIONAL ANALGESIA

Although regional analgesic techniques reduce opioid
requirements in the opioid-naive,127, 128[II] this has not
been well studied in patients with opioid tolerance.
Catheter techniques may be preferable.13[V] Greater
doses of epidural opioids may be required6, 13[III] and
higher potency agents are more effective.126[III] As
neuraxial opioids may not be sufficient to prevent opioid
withdrawal, some systemic opioid administration may be
required.12[V] Fifty percent of the usual opioid dose by
the regular route, where feasible, or otherwise parenterally
has been recommended.13, 15[V] Some patients require
opioid to treat persistent pain in a site not covered by the
regional block.13[V]

ADJUVANTS

As for all acute pain, the emphasis should be on a multi-
modal analgesic regimen. Opioids vary in their effec-
tiveness and this is due to opioid receptor diversity, some
of it genetically determined, and variability in the opioid
responsiveness of particular types of pain.

Paracetamol and nonsteroidal anti-
inflammatory agents

Simple analgesics, such as paracetamol and nonsteroidal
anti-inflammatory agents, should be used except as con-
traindicated by the presence of end-organ dysfunction.

Due to the potential for hepatic toxicity, paracetamol use
should be accompanied by monitoring in those with
mild liver disease and avoided in those with more severe
dysfunction.1, 129

NMDA-receptor antagonists

In the opioid-naive, ketamine decreases perioperative
opioid requirements and pain scores130, 131, 132[I] in both
adults and children. Compared with placebo, PCA mor-
phine consumption is reduced by a median of 32 percent
or a weighted mean difference of �15.7mg in the first
24 hours, and pain scores by an average of 10mm on a
100-mm scale.131[I] This is accompanied by an increased
incidence of psychomimetic side effects, including hallu-
cinations (odds ratio (OR) 2.28 (95 percent CI 1.19–4.40)
numbers-needed-to-harm (NNH) 27); nightmares (OR
2.64 (95 percent CI 0.76–9.12), NNH 62); and visual
disturbances (OR 2.34 (95 percent CI 1.09–5.04) NNH
28).131[I] However, the incidence of opioid-related side
effects, particularly nausea and vomiting, is reduced.130,
132[I] In the postanesthesia care unit, for those with high
pain levels despite prior morphine administration, bolus
ketamine (0.25mg/kg) and morphine has been shown to
be more effective than morphine alone with greater pain
reduction, lower total opioid requirements, and few side
effects.133[II]

Ketamine also has a role in preventative analgesia, that
is analgesia beyond the expected clinical duration of effect
of the drug. In a recent systematic review, 14 of 24 studies
(58 percent) found a positive effect on preventative
analgesia, at doses ranging from 0.15 to 1mg/kg.134[I]
Reduced hyperalgesia has been shown in experimental
pain settings,95, 135[II] and around wounds following
open nephrectomy136[II] and major abdominal surgery
performed with remifentanil infusion.96[II] Ketamine
doses in the latter study were an intraoperative bolus of
0.5mg/kg with intraoperative infusion of 5 mg/kg per
minute and postoperative infusion of 2 mg/kg per minute
for 48 hours.96 Intravenous, but not epidural, ketamine
reduces wound hyperalgesia for up to six months fol-
lowing rectal surgery for carcinoma.137[II]

In general, randomized trials of ketamine have exclu-
ded opioid-tolerant patients. However, for this group,
ketamine may be of particular value because of its
potential to reverse or decrease opioid tolerance.138[V]
For those with persistent pain, other potential benefits
include reduced central sensitization and efficacy in
neuropathic pain. Animal models of opioid tolerance
confirm the value of both noncompetitive and competi-
tive NMDA-receptor antagonists in inhibiting the
development of tolerance and reducing OIH.113, 139, 140

A number of case reports confirm that ketamine
improves pain control in opioid-tolerant patients, parti-
cularly those receiving high opioid doses where OIH may
be present.141, 142, 143[V]
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In all patients,105[II] but particularly in those who are
opioid-tolerant and thus likely to require larger doses of
opioids, ketamine should not be given in a fixed dosing
ratio with an opioid (for example, mixed with the opioid
in a PCA solution); this is likely to result in high ketamine
doses with the potential for adverse effects.13[V]

As yet, there is no clear benefit of S(1) ketamine over
racemic ketamine.105[V] Other NMDA-receptor antago-
nists, such as dextrometorphan134[I] and amantadine,
may have similar benefits, but these agents have not been
as widely studied.

Anxiolytics

Long-term benzodiazepines should be continued peri-
operatively to avoid an abstinence syndrome. Treating
staff report that anxiolytics are useful for managing
patients with persistent pain in the acute setting.4[III]
Coadministration of anxiolytics and opioids increases the
risk of oversedation and respiratory depression, and is a
hypothesized mechanism for out-of-hospital fatal over-
dose in SAD.16[V]

a-2 Adrenergic agonists

Clonidine is useful for the symptomatic management of
opioid withdrawal.144 Opioids and clonidine have syner-
gistic analgesic actions,122, 145 although the disadvantages
of clonidine, particularly when administered parenterally,
include sedation and hypotension.146[II] Dexmedetomi-
dine significantly reduces opioid requirements in the early
postoperative recovery phase.147[II] Intrathecal clonidine
has been used for management of persistent neuropathic
pain, for example associated with spinal cord injury.122

[II] In a volunteer study of remifentanil-induced
withdrawal hyperalgesia and allodynia, coadministration
of clonidine reduced postinfusion pain ratings and
hyperalgesia, but not allodynia.95[II] Clonidine may be a
useful adjunctive agent in the patient with opioid toler-
ance, particularly in the presence of neuropathic pain or
opioid withdrawal, but side effects may be limiting.

Anticonvulsants

In opioid-naive patients, gabapentin reduces opioid
requirements,148[I] may have anxiolytic properties,149[II]
and is effective in neuropathic pain;150[I] each of these
effects may benefit those with opioid tolerance. Addi-
tionally, in a rat model of thermal and mechanical
nociception, intrathecal gabapentin has been shown
to prevent the development of opioid tolerance,151 even
in doses that do not enhance antinociception in
opioid-naive animals.152 In animals with preexisting
opioid tolerance, gabapentin partially restores opioid
effectiveness.153 The mechanism may be inhibition of

opioid-induced increases in aspartate and glutamate.152

It is unclear how these preclinical findings will translate
into clinical practice. Pregabalin may have similar effects
but has been less well studied.154

Antidepressants

These may be required for treatment of neuropathic pain,
affective disorders, or, in low dose, to improve sleep. A
major disadvantage is limited parenteral formulations.

Opioid receptor antagonists

In animal models, very low doses of opioid antagonists
attenuate excitatory but not inhibitory effects of mor-
phine, thereby reducing OIH155 and preventing the
development of morphine-induced tolerance.156 Clinical
studies in both adults and children demonstrate that low-
dose naloxone (for example, 0.25 mg/kg/hour by con-
tinuous intravenous infusion) reduces postoperative
opioid side effects, such as pruritus and nausea, without
compromising analgesia.157, 158[II] Compared with a
higher-dose infusion or placebo, a continuous infusion of
0.25 mg/kg/hour reduces opioid requirements.158[II] The
effect of opioid antagonists in opioid-tolerant patients has
not been explored. However, conceivably the quality of
analgesia might be improved.

NONPHARMACOLOGICAL TECHNIQUES

Nonpharmacological treatments are well established and
validated for management of persistent noncancer pain.49

For example, psychological treatments, mainly cognitive-
behavioral therapy and relaxation, are effective at redu-
cing persistent headache-related pain in children and
adolescents.159[I] However, whether patients transfer
these strategies to acute pain settings is unclear.

There is evidence for the efficacy of non-
pharmacological management of acute pain, but this is
mostly in opioid-naive subjects. For example, brief pro-
cedure-related pain in children is reduced by distraction
and hypnosis.160[I] Simple maneuvers, such as hot or cold
application and repositioning, should be considered.
Other therapies that may be of benefit include transcu-
taneous electrical nerve stimulation (TENS), relaxation,
and meditation. The effectiveness of these treatments in
the opioid-tolerant patient with acute pain is uncertain.

SPECIFIC THERAPIES

Long-term neuraxial opioids

A small number of patients with persistent cancer or
noncancer pain will be treated with long-term intrathecal

Chapter 30 The opioid-tolerant patient, including those with a substance abuse disorder ] 549



or epidural opioid therapy via exteriorized or fully
implanted drug administration systems. The neuraxial
opioid should be viewed as the background require-
ment,12, 18[V] and additional opioids and nonopioids
given as required for the acutely painful condition.

Methadone

Methadone is a racemic synthetic m-receptor agonist
which also has noncompetitive NMDA-receptor antag-
onism, and inhibition of 5-hydroxytryptamine and nor-
epinephrine reuptake.22, 161 It has a long history of use as
maintenance therapy in SAD,162 where a single dose
blocks craving for 24 to 36 hours.21 Reduction in illicit
opioid use is more likely with replacement doses above
50mg.163[I] Recently, methadone has had a resurgence in
use for both cancer and noncancer pain,161, 164 where it
may be particularly effective as a second-line agent in
opioid rotation and for neuropathic pain.

It has high oral bioavailability, but a long and variable
elimination half-life of 15 to 60 hours.21, 161 For MMT in
SAD, it is given as a once-daily dose. For analgesia, it is
typically given three to four times daily.21, 22, 119, 164 When
oral administration is not possible, it may be given rect-
ally (equivalent to oral dose) or parenterally (30–50 per-
cent dose reduction compared with the oral route16, 21).
Relevant drug interactions may include antivirals,
tricyclic antidepressants, and selective serotonin reuptake
inhibitors.161, 164

As methadone is a drug with which many physicians
have poor familiarity,22[V] it may be easier to continue
the usual dose and give an alternative agent for pain.21, 22

[V] It is also important to be aware of jurisdictional
regulations governing supply and to liaise with the usual
prescriber.22

Methadone has been advocated as a useful agent for
acute pain in the opioid-tolerant patient when more
commonly used opioids have been ineffective.165[V]
Reasons for this may include methadone activity at
nonopioid receptors. Conversion from morphine to
methadone is dose dependent (see Table 30.1).121

Levo-alpha-acetylmethadol

Levo-alpha-acetylmethadol is a m-agonist with a long
duration of effect largely due to two active metabolites.166

Two- to three-daily dosing is used for maintenance in
SAD,167 where it has lower retention rates than MMT.163

[I] General principles of management are similar to those
in MMT.

Naltrexone

Naltrexone, a competitive m-receptor antagonist, is
used for maintenance therapy in alcoholism and SAD

(following detoxification to avoid precipitating an opioid
withdrawal syndrome). It is administered orally, usually
as a once daily dose of 25–50mg.1, 17, 168 The effective
duration of action of this formulation is 72 hours. With
the aim of improving compliance, sustained release
formulations have been developed. These include a
subcutaneous implant,169 which has a dose-dependent
effective duration of three to six months,170 and a long-
acting injectable formulation which is effective for
one month.171

Management should be planned in consultation with
the usual treatment provider or local drug and alcohol
services.17[V] In an elective setting, oral naltrexone
may be ceased for 48 to 72 hours before an anticipated
painful episode such as surgery.1, 17[V] Chronic naltrex-
one therapy results in up-regulation of receptors with the
potential for increased opioid sensitivity once the drug
is ceased. Inadvertent opioid overdose may occur and, if
administration of opioids is required, consideration
should be given to careful titration and monitoring for
sedation or respiratory depression.12[V]

In the nonelective setting, oral naltrexone may be
ceased, but it will take 48 to 72 hours after the last dose
for the effect to abate. Competitive opioid antagonism
may be overcome by high-dose opioids, but very large
amounts may be required. Nonopioid analgesia, including
regional analgesia where feasible, should be maximized.
For patients with a naltrexone implant, when it is
expected that pain is likely to be moderate to severe and
ongoing (for example, multiple trauma), consideration
may be given to surgical removal of the implant.17[V]

Full opioid agonists should be weaned before nal-
trexone is reintroduced, otherwise opioid withdrawal may
be precipitated.

Buprenorphine

Buprenorphine has m-agonist activity and weak k-recep-
tor antagonism.25, 172 Its maximum effect at the m-
receptor is less than a full agonist producing a ceiling
effect for respiratory depression25, 173 and analgesia.19

Binding to the m-opioid receptor is not easily reversed
by other opioids or naloxone.25, 174 In the presence of a
full agonist, it may behave as an antagonist, including
precipitating opioid withdrawal,172, 175 although this is
thought unlikely at doses equivalent to or less than
30mg/day of oral methadone.176[III]

Buprenorphine is used as a replacement in SAD,
with typical sublingual maintenance doses ranging
from 4 to 32mg.172, 177 The terminal elimination
phase is 20–25 hours.178 Doses greater than 8mg/day
have similar efficacy to MMT.163[I] High doses have
similar maximum efficacy but with a more prolonged
duration of effect,178 allowing second- or third-daily
dosing.23 Withdrawal from buprenorphine is of mild
to moderate intensity.25 Abuse of buprenorphine is well
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recognized.25, 178 Buprenorphine is also formulated as
a sublingual preparation combined with naloxone (Sub-
oxones). Naloxone has no effect when administered
sublingually, but antagonizes opioid action if the com-
bination is diverted to intravenous use.172

In both persistent noncancer and cancer pain, bupre-
norphine may be administered transdermally via a poly-
mer matrix.179, 180 However, the doses used (up to 70 mg/
hour, that is 1.68mg/24 hours) are unlikely to interfere
significantly with the use of full-agonist opioids for acute
pain; thus transdermal buprenorphine may be continued
and acute pain treated using conventional approaches.

In the case of buprenorphine maintenance in SAD,
the treatment plan should be determined in consultation
with the patient, the usual treatment provider and local
drug and alcohol services. For acute pain in the patient
maintained on sublingual buprenorphine, management
options include:16[V]

� Continue the usual buprenorphine dose and provide
analgesia with a combination of nonopioids and
high-dose full-agonist opioids titrated to effect.

� Divide the buprenorphine into 6–8-hourly doses,
perhaps with an overall increase in daily dose to a
maximum of 32mg.23[V]

� Discontinue the buprenorphine for at least 48 hours
before an anticipated painful episode and give
conventional opioids.

� Discontinue buprenorphine, change the patient to
methadone or another sustained release full-agonist
and use conventional analgesic techniques. Guidelines
for this conversion have been suggested.23

The first two options are suitable for elective minor sur-
gery and other elective or nonelective conditions which
are readily treated with nonopioid analgesics. However,
for major elective surgery, recommendations have inclu-
ded ceasing the buprenorphine at least 48 hours pre-
operatively and converting to methadone23, 172[V] or
continuing the buprenorphine at the usual dose in the
perioperative period. The latter avoids the challenges of
converting the patient to methadone.

A major challenge arises in nonelective presentations
with conditions associated with moderate to severe pain.
Management is guided by the time and amount of the
last dose, and the usual dosing interval. The latter
reflects the duration of effect23 and hence the likely efficacy
of full-agonist opioids. Nonopioid, including non-
pharmacological, techniques should be maximized; regio-
nal analgesia may be particularly useful. Conventional full
agonists may be titrated to effect, but this often requires
high doses and is most safely performed with close
monitoring.23[V] In extreme cases, general anesthesia may
be required to achieve pain control. Opioid requirements
will decrease as the effect of buprenorphine declines.

The patient should preferably be discharged on
the usual dose of buprenorphine along with simple

analgesics.16, 23[V] Switching from methadone (or
another full agonist) to buprenorphine is easier at lower
doses of methadone and if there are 24 hours between the
last dose of methadone and the first of buprenorphine.178

[V] It is recommended to wait 8–24 hours (depending
on the duration of effect of the full agonist) or until
mild opioid withdrawal symptoms are experienced.16, 23

[V] It is important to communicate with the usual pre-
scriber/program to ensure continuity of maintenance
prescribing.23[V]

THE OPIOID-TOLERANT OBSTETRIC PATIENT

Principles of assessment and management are as pre-
viously outlined. Specific issues in the parturient include
difficulties with antenatal identification; the effects of
substance abuse, overdose, withdrawal, and prescribed
drugs on the mother and fetus; comorbid SAD compli-
cations including infectious diseases, increased risk of
obstetric emergencies, and increased perinatal mortality/
morbidity; unstable social situation and poor nutrition;
and often inadequate antenatal care leading to suboptimal
planning for delivery, including analgesia.5, 11, 24

Where possible, antenatal referral for analgesia plan-
ning is recommenced.5[V] Regional techniques are useful,
including in patients with HIV/AIDS, but may be con-
traindicated by the presence of infection.11[V] Systemic
opioid administration may be required to prevent with-
drawal. PCA is an effective means of allowing the patient
to titrate to requirement.10[V] The presence of liver
disease may contraindicate the use of paracetamol or
neuraxial blocks. Pain control following cesarean section
may be difficult.5[V]

Planning must include involvement of a neonatologist
for management of opioid and other withdrawal
syndromes in the neonate. The pharmacokinetics of
methadone are altered in pregnancy with increased
elimination.161 This changes in the first few weeks after
delivery and may necessitate dose adjustment.19
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KEY LEARNING POINTS

� Chronic pain after surgery is common.
� Surgery is widely performed, therefore the population at

risk is large.
� There are many types of chronic postoperative pain

syndromes.
� There is no single definition, although a working

definition has been proposed.
� The mechanisms for the development of chronic pain

after surgery are complex.
� Avoid blame culture – the surgeon is seldom to blame.
� Multiple risk factors associated with onset of chronic

postsurgical pain (CPSP): demographic, genetic, and

medical.

� The precise role of risk factors associated with chronic

pain is unknown, although the evidence base is

growing.
� There is a need for prospective studies with pre- and

postoperative assessment of demographic, genetic, and

medical factors.
� Further research is needed to assess the role of

analgesic interventions in reducing the incidence of

chronic pain after surgery.
� The long-standing organizational, cultural, and technical

barriers to effective management of perioperative pain

need to be addressed.
� Unnecessary surgery should be avoided.

INTRODUCTION

An alarmingly high number of patients develop
chronic pain after routine surgery.1

This chapter will review the evidence on preventing
chronic pain after surgery. It complements Chapter 30,
Chronic pain after surgery in the Chronic Pain volume of
this series, which looks at the general topic of chronic
pain after surgery. Some of these general topics will be

briefly reviewed, risk factors and strategies for prevention
discussed, and future directions suggested.

The role of surgery as an etiological factor in the
development of chronic pain was first acknowledged less
than ten years ago.2 At that time, there were several
hundred papers on pain after individual operations,
but no publications on the topic in general. Several
review articles followed1, 3, 4, 5 and the problem is now
acknowledged by those working in the field of pain
medicine, but other specialties and the general public are
less well informed. Much work remains to be done and



there is a need for clarity in the terminology and inter-
pretation of the research. Existing studies suggest that
various factors are associated with a greater risk of
chronic pain after surgery, but their precise role and
impact is unknown; the association between surgery and
chronic pain may not necessarily mean causation, and we
need to understand more about these factors before they
can inform clinical practice.

What is now clear is that chronic pain after surgery is
common. Table 31.1 shows the approximate incidence of
chronic pain after surgery following a range of common
operations, aggregated across many studies. The wide
variation in the figures is an indication of the lack
of uniformity in study design, definitions, patients, and
operations. Also shown are approximate figures for the
number of operations performed in the USA in 1994
taken from Rutkow.6 Rutkow’s paper6 reported that the
ten most frequently performed operations in the USA had
increased by 38 percent between 1983 and 1994, from
about 5.7 million to almost 8 million. There is no reason
to suppose that it has not continued to increase, although
the pattern of surgery may have changed. Assuming that
not all these operations are associated with persistent
postsurgical pain (for example, cataract surgery), the
overall population at risk might be about five million
people. Taking a conservative figure of 10 percent of
patients suffering persistent pain, this amounts to
approximately half a million people a year in the USA.
This is clearly a major public health issue: it affects large
numbers of people, has a significant impact on quality of
life,7, 8, 9 and has considerable economic consequences.10, 11

Chronic pain after surgery is challenging to treat, therefore
prevention becomes of paramount importance.

DEFINITION

The problem of definition is covered in greater detail in
Chapter 30, Chronic pain after surgery in the Chronic
Pain volume of this series, and only a summary will be

given here. Chronic pain after surgery is a term that is
often used loosely in published studies and clinical
practice to cover a diverse range of conditions. Surgery
may be responsible for several different types of chronic
pain syndrome, even after a single operation. For exam-
ple, after thoracotomy, patients may suffer musculoske-
letal pain from rib resection or spreading the ribs, in
order to gain access to the chest. Neuropathic pain may
result from damage to the intercostal nerves and damage
to organs may cause visceral pain. Chest drains can be
a source of pain.12 After breast surgery, patients may
experience phantom breast pain,13, 14 neuropathic pain
caused by damage to the intercostobrachial nerve,15 or
scar pain.13, 16 In addition to pain, patients report a
wide diversity of symptoms including numbness, tingling,
swelling, or sensitivity which they report as unpleasant
and distressing.17, 18 These symptoms also cause mor-
bidity and disability. It is obvious therefore that even
after a single operation, there may be a diverse group of
problems.

The difficulty of definition is compounded because
pain may have been one of the symptoms that the patient
experienced prior to surgery, and in fact may have been
the main reason for seeking medical help. For example, in
patients with right upper quadrant pain, the preexisting
pain will confound measurement as many patients con-
tinue to complain of pain after cholecystectomy.19 This
does not necessarily mean the surgery was responsible.
In practice, some patients present with chronic pain
which they attribute to an operation, but on further
questioning at the pain clinic, it transpires that the pain
predates surgery. Many patients have inappropriate
surgery; for example, those with irritable bowel syndrome
or those undergoing surgery for chronic back pain.
Most of these patients will continue to have the same pain
after the operation, as these are not conditions that
usually respond well to surgery, and in many cases
their pain will be worse. It is then very hard to tease
apart the current chronic pain and the original chronic
pain. It is clearly not possible to attribute escalating
pain solely to the surgery as natural deterioration cannot
be ruled out.

A working definition of chronic postsurgical pain has
been proposed,3 which suggests the following criteria:

� the pain developed after a surgical procedure;
� the pain is of at least two months duration;
� other causes for the pain should have been

excluded (e.g. continuing malignancy or chronic
infection);

� the possibility that the pain is continuing from a
preexisting problem must be explored and exclusion
attempted. (There is an obvious gray area here in
that surgery may simply exacerbate a preexisting
condition, but attributing escalating pain to the
surgery is clearly not possible as natural deterioration
cannot be ruled out.)

Table 31.1 Approximate incidence of chronic pain after

operations and approximate numbers of operations performed in

the USA in 1994.

Incidence of
chronic pain
(%)

No. of
operations in
USA (1994)

Mastectomy 20–50 131,000

Thoracotomy 5–65 660,000

Lower limb amputation 50–85 132,000

Open cholecystectomy 10–50 667,000

Hernia 5–35 689,000

Cesarean section 15 858,000

Cardiac surgery 30–55 501,000
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MECHANISMS AND IMPLICATIONS

The mechanisms leading to chronic pain after surgery are
complex and not fully understood. Chapter 30, Chronic
pain after surgery in the Chronic Pain volume of this
series reviews current knowledge on mechanisms in more
detail and makes it clear that both the syndromes and
mechanisms are diverse, but that changes in the nervous
system play a central role. Injury of any sort changes
the nervous system.20 The pain experienced after an
injury does not bear a simple relationship to the extent
of the injury. Minimally traumatic operations, such as
vasectomy, can cause chronic pain in the same way as
major surgery, such as total hip replacement. As stated
by Brandsborg et al.,21 ‘‘Several studies, however, have
shown that surgery per se carries a significant risk for
chronic or long-lasting pain. This is not only after major
surgery such as amputation and thoracotomy, but also
after minor procedures y’’

It is not possible to perform surgery without some
damage to tissues, and therefore a hyperalgesic state will
be induced after any operation, regardless of how it is
done. This should revert to normal as healing occurs, but
not always. Whether a patient experiences chronic pain
after surgery or not, is therefore more likely to depend on
the ‘‘set’’ of their nervous system than on precisely what
the surgeon did. Although the patient complains of pain,
in reality they may have a hyperalgesic or allodynic pain
syndrome. Whether these postinjury pain syndromes are
true neuropathic pain syndromes is a matter of debate,
and they may be more accurately called ‘‘mixed pain
syndromes’’.

Understanding the mechanisms that lead to chronic
pain after surgery is important for many reasons. If the
pain has a neuropathic basis, then further surgery may
make it worse, by further winding up the nervous sys-
tem.22 Simplistic notions about treatment, such as nerve
blocks, should be discouraged in favor of a more multi-
dimensional approach. Reaching a more rational under-
standing of the cause of their pain may help patients come
to terms with it. Patients who believe that someone was
to blame for their chronic pain report more distress
and behavioral disturbance, as well as poor response to
treatments and lower expectations of future benefits.23

Cognitive mechanisms of symptom perception in chronic
pain may be affected by a patient’s belief that they were
injured,24 leading to lower pain threshold and tolerance,
decreased activity, and general deconditioning. It is
therefore clear that removing the climate of blame
would help both patients and surgeons. By accepting that
chronic pain is, for a proportion of patients, an inevitable
consequence of surgery, like a wound infection, and
openly discussing it prior to surgery, much subsequent
grief could be avoided. If surgery has the potential to
cause chronic pain, then patients should be warned about
this prior to consenting for surgery. This is particularly
important in operations performed out of choice rather

than necessity, for example cosmetic surgery or where
there is a poor evidence base for benefit, such as some
operations performed for back pain.25 Lastly, research
into chronic pain after surgery should be guided by an
understanding of the complexity of the mechanisms.

This complex etiology makes the issue of prevention
more complicated and challenging. It suggests that we
need to be careful not to draw simplistic conclusions
about the causes of chronic pain after surgery. Each
patient will bring their own genotype, past experiences,
beliefs, medical history, and psychosocial circumstances
to the problem. The environmental and clinical factors
which then act on the patient will include type of surgery
and anesthesia, perioperative analgesia, and other treat-
ments given.

RISK FACTORS FOR THE DEVELOPMENT OF
CHRONIC PAIN AFTER SURGERY

An ideal model for studying the development of
chronic pain in surgical patients, and establishing
predictive factors for the condition, would include
preoperative and postoperative assessment of psy-
chological and neuro-physiological factors, detailed
intra-operative data on handling of tissue and nerves,
and detailed early and late postoperative pain data,
as well as a thorough clinical investigation to exclude
other causes of the chronic pain state. No such study
has been reported.1

There are a range of factors that appear to be associated with
a greater risk of developing chronic pain after surgery:1, 26

� age;
� patients’ beliefs about their pain;
� psychological factors;
� preoperative pain;
� type of surgery;
� type of anesthesia (e.g. general or local);
� severity of acute postoperative pain;
� reason for surgery;
� concomitant treatments (e.g. radiotherapy and

chemotherapy).

The complexity of these risk factors reflects the com-
plexity of the etiology and mechanisms of chronic pain as
mentioned above under Mechanisms and implications.
The factors can be broadly grouped into demographic
factors, genetic factors, and medical factors.

Demographic factors

Many studies have reported higher rates of chronic
pain and other symptoms after breast cancer surgery in
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younger women. Tasmuth et al.27 found that younger
patients tended to have larger tumors, as well as more
postoperative and long-term pain. Smith et al.28 found
that the incidence of chronic pain following mastectomy
was 65 percent in those between 30 and 49 years of age,
40 percent in those between 50 and 69, and 26 percent in
those over 70 years. Poleshuck et al.29 were the first to
perform adjusted models of risk of chronic pain after
breast cancer surgery; they found the probability of
developing chronic pain decreased by 5 percent with each
one-year increase in age (odds ratio (OR), 0.95; 95 per-
cent confidence interval (CI) 0.91–0.99). This is remark-
ably similar to the probability of developing chronic
pain after hernia surgery, reported by Poobalan et al.30

(5 percent reduction in risk per one year increase in age).
Other demographic and clinical factors related to age (e.g.
marital status, housing, and employment) may also be
influential.28 Age has a significant effect on prognosis in
breast cancer, with younger women (under 35 years)
having the worst histopathological features, a poorer
prognosis, and more likelihood of relapse than older
women.31, 32 The reasons for this may be because of rapid
tumor proliferation related to over-expression of the gene
c-erbB-2 and changes in the p53 protein, which allow
proliferation of damaged DNA and a reduced response
to chemotherapy and radiotherapy.33 The combination
of more severe pathology and resistance to treatment may
be related to the increased incidence of pain.

For hernia surgery, the risk of chronic pain decreases
with increasing age, with younger patients experiencing
more severe pain.30, 34 Those in work are also more at risk,
but marital and household status is not a factor.30 Age
and work status may influence the level of physical
activity, thus confounding pain reporting. Demographic
factors do not seem to be of importance in phantom pain
after upper or lower limb amputation.35, 36, 37

Genetic factors

Why only certain people develop chronic pain after sur-
gery is a puzzle. Clearly many factors determine sus-
ceptibility and it is probable that some of these will be
genetic. To date, there are no studies that examine
genetic risk factors for chronic pain after surgery, but it is
obvious from the research published on genetic influences
on chronic pain in general that this will be an important
area for future work.38, 39, 40, 41, 42

Animal research has shown that genetic factors influ-
ence whether mice will develop chronic pain after nerve
injury.39, 40 In 2005, Diatchenko et al.38 published the first
paper showing an association between pain sensitivity, the
risk of developing a chronic pain syndrome, and a genetic
polymorphism. In this study, having a specific haplotype
of the gene for catecholamine-O-methyltransferase
(COMT) diminished the risk of developing tempor-
omandibular joint dysfunction by as much as 2.3-fold.

In an interesting commentary on a study of chronic
pain after cardiac surgery,43 Devor42 observes that these
patients often develop pain at two operative sites, the
chest, where the cardiac operation was performed, and the
leg, where the vein was harvested for grafting. Devor
highlights that if the chances of developing pain at the
two sites were independent, and the chances were 0.12
for chest pain and 0.09 for the leg pain, then the odds
of pain at both sites should be 0.12� 0.09 = 0.01 (1.1
percent). In fact chronic pain occurred at both sites in
18 percent of patients. This suggests a predisposition to
develop chronic pain in these patients. It seems likely that
part of this predisposition will be genetic.

Several pain syndromes have a genetic component
and many working in this field anecdotally suspect that
the presence of these conditions may increase the risk of
developing chronic pain after injury. These conditions
include migraine headaches, fibromyalgia syndrome,
irritable bowel syndrome, irritable bladder, and Raynaud’s
syndrome, especially bipolar Raynaud’s – excessively cold
extremities in cold weather, but also burning hot feet,
usually at night (erythromelalgia). There are no studies
on this topic specifically, but two studies of chronic pain
after hernia have found that in patients with severe
chronic postsurgical pain there was a previous history of
conditions such as backache, irritable bowel, or head-
ache.44, 45 An excellent study of risk factors for chronic
pain after hysterectomy found that women with pain
problems elsewhere (head, neck, shoulder, or lower back)
had an increased risk of having chronic postsurgical
pain.21

However, many patients have bilateral operations
and yet only develop a chronic postsurgical pain syn-
drome on one side, while others have several operations,
but only develop chronic pain after one. Clearly, genetic
factors are only one aspect of a complex chain of
causation. The interactions between our genotype, our
upbringing, and the environment are complex and
interdependent.46 This fascinating subject will probably
provide us with as many interesting questions as answers
in the next few years.

Medical factors

PREOPERATIVE PAIN

Several studies have found an association between pre-
operative pain and the incidence of chronic pain after
surgery. In an excellent study of pain after amputation.
Nikolajsen et al.47 found that significant preamputation
pain increased the risk of stump and phantom pain
postoperatively and of phantom pain at three months.
This study also showed that patients tend to overestimate
the severity of their preamputation pain six months
after amputation. This emphasizes the need to measure
and record the pain preoperatively rather than rely on
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patients’ memories of the pain at a later date. In a study of
pain after mastectomy, Kroner et al.13 interviewed
patients three weeks after the operation and then at one
and six years. They found a correlation between breast
pain prior to mastectomy and long-term phantom breast
pain and nonpainful phantom breast sensations. A study
of postthoracotomy pain in patients with cancer48

reported that 48 percent of those taking opioid analgesics
prior to surgery suffered chronic postthoracotomy pain,
but only 5 percent of those not taking opioids did so.
It is possible that this was a continuation of the pre-
operative pain, rather than postsurgical pain.

Some studies on hernia suggest that preoperative pain
is a risk factor, although in most studies the data were
collected retrospectively.30, 44, 49 The well-designed pro-
spective study by Page et al.50 interviewed patients before
the operation about the pain from their inguinal hernia.
About a quarter of patients had no pain from their
hernia at rest, half had mild pain, and the remainder had
moderate or severe pain at rest. Understandably the
numbers were higher for pain on movement. Older
patients were more likely to have pain from their hernia.
The type of hernia (direct or indirect) was not a sig-
nificant risk factor. A year after the operation, 25 percent
of patients had no pain at rest and only 22 percent no
pain on moving. Unfortunately, some patients who had
no pain before the hernia repair reported pain after the
operation and 5 percent said that their day-to-day life
was worse one year after the operation. The authors raised
the question of whether surgery was appropriate in
asymptomatic patients.

TYPE OF SURGERY AND EXPERIENCE OF SURGEONS

The type of operation and how it is performed influences
the incidence of chronic postsurgical pain, although as
stated above there is no simple correlation with the size
of the operation and the risk of developing chronic pain
or its severity. Having said that, one study found that
longer, more complex operations had a higher incidence
of postoperative problems. Peters et al.51 found that
operations lasting more than three hours were associated
with more chronic pain, increased functional limitation,
poor global recovery, and poorer quality of life at six
months postoperatively. Fear of surgery and severe post-
operative pain were also associated with a worse outcome.
The authors suggest that the prolonged and intense
nociceptive barrage may increase central sensitization.
Recent work on the role of the brainstem in influencing
spinal cord amplification may help to explain the role of
emotions and psychological factors.52

Different types of breast surgery were studied using
similar methodology by Wallace et al.53 Breast reduction
had an incidence of chronic postsurgical pain of 22 per-
cent, augmentation from 22–50 percent depending on
technique, mastectomy 31 percent, but mastectomy with

reconstruction by implant 53 percent. Open cholecys-
tectomy seems to result in a higher incidence of chronic
pain than laparoscopic cholecystectomy.54 The evidence
on thoracotomy is contradictory.12, 55 In a study of pain
after hernia repair, Callesen and Kehlet56 found no dif-
ference between the various types of open hernia repair,
but less pain and shorter convalescence after laparoscopic
repair. This difference between open and laparoscopic
herniorraphy is confirmed by the systematic reviews of
over 100 publications conducted by Aasvang and Kehlet34

and Poobalan et al.57 Dividing the ilioinguinal nerve
during the operation increases the risk of chronic pain.49

Ravindran et al.58 surveyed over 1000 UK surgeons to
investigate usual surgical practice of handling nerves in
the inguinal canal during herniorrhaphy. There was
considerable variation in routine surgical practice,
although surgeons performing high volumes of hernia
surgery were more likely to preserve than transect nerve
structures.

There is evidence that surgical experience can affect
outcomes in terms of morbidity and mortality.59, 60 A
study from Finland found that women who had breast
surgery for cancer in high volume surgical units, thus
experienced in breast cancer surgery, were less likely to
suffer chronic pain than women who had their operations
in lower volume units with less experience.61 However, a
study of pain after hernia repair found no association
between grade of operating surgeon and severe pain after
surgery.45 The evidence on day case versus inpatient
surgery for hernias is contradictory.30, 45

REASON FOR SURGERY AND ROLE OF CONCOMITANT
TREATMENTS

The relationship between the reason for surgery, for
example for benign or malignant disease, and the risk of
chronic pain after surgery is difficult to study, as different
operations are performed for different conditions. For
thoracotomy, one study has shown a higher incidence of
chronic pain after operations for benign esophageal dis-
ease than for lung cancer,12 but other studies have shown
no difference in rates of pain.62, 63 Studies of lower limb
amputation have shown no influence from cause.36, 64

The type of hernia does not influence the prevalence of
postherniorraphy pain in groin hernias.45, 50 Some studies
report an increased incidence of chronic pain after sur-
gery for recurrent hernias,56 while others have shown no
difference.45 Poobalan et al.30 found a doubling in risk of
chronic postsurgical pain in patients having subsequent
surgery for recurrence compared to those having primary
repair (OR 2.16, 95 percent CI 1.03, 4.52). The evidence
on the influence of concomitant treatments such as
radiotherapy and chemotherapy is conflicting. Some
studies have shown an increase in chronic pain,18, 27, 61, 65

while others showed no difference.12, 13 The recent study
by Poleshuck et al.29 is the most scientifically rigorous
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study published to date, with detailed pre- and post-
operative assessment of multiple factors. Surgery type and
use of radiation therapy were found to independently
increase the risk of chronic pain after breast cancer
surgery; this finding persisted after adjustment for age,
preoperative pain, acute postoperative pain, and other
factors.

ANESTHESIA AND ANALGESIA

A study of chronic pain after cesarean section reported a
lower incidence of chronic pain in patients who had had a
spinal rather than general anesthetic,66 and patients with
chronic pain had a higher recall of severe postoperative
pain. Similarly, patients having a spinal anesthetic
for hysterectomy had a lower incidence of chronic pain
than those having a general anesthetic.21 However, in a
well-designed study, McCartney et al.67 compared general
and regional anesthesia for ambulatory hand surgery and
found that although patients who had regional anesthesia
had reduced pain in the short term, there was no long-
term benefit.

SEVERITY OF ACUTE POSTOPERATIVE PAIN

There is a correlation between acute postoperative
pain and long-term chronic pain. Katz et al.68 found that
acute pain following thoracic surgery predicts chronic
postthoracotomy pain. Several other studies have con-
firmed this finding.12, 69 Postoperative pain seems to be a
risk factor for chronic pain after hernia repair34 and after
surgery for breast cancer.29 Whether the effect is causal or
not is impossible to say at present, although the basic
science would strongly support the assertion that severe
pain around the time of surgery will sensitize the nervous
system, making long-term pain more likely.

PSYCHOSOCIAL FACTORS

Much research has focused on the role of affect, in par-
ticular anxiety, on surgical recovery, although mostly
investigating the relationship with recovery in the acute
postoperative period. Munafo and Stevenson70 reviewed
studies that assessed the relationship between anxiety,
surgical recovery, and response to surgery, restricting
variability by only including papers where anxiety was
measured using the State-Trait Anxiety Inventory (STAI).
Consistent associations between preoperative measures
of anxiety and postoperative pain were found across 12
studies. However, no details were provided on timing of
pain assessment and these studies have predominantly
focused on acute postoperative pain, rather than any
longer-term follow up, see Chapter 15, Psychological
therapies – adults, for further details.

Similarly, in 1993, Johnston and Vogele71 published an
influential review and meta-analysis of the benefits of

psychological preparations for surgery, comparing levels
of negative affect, pain, pain medication, and other out-
comes from 35 clinical trials. There was strong evidence of
benefit from provision of procedural information and
behavioral instructions and this was consistent across
all postoperative outcomes. As with the Munafo and
Stevenson review,70 however, studies were limited in
terms of pain assessment, with most studies failing to
record pain status beyond several weeks. There is a
need to repeat these systematic reviews to include more
recent publications, many of which report longer patient
follow up.

Psychosocial distress has been found to be both a
consequence of chronic pain and a risk factor for its
development.72, 73 Katz et al.74 found that greater pre-
operative anxiety independently predicted clinically
meaningful pain up to day 30 after breast cancer surgery.
While younger age and being unmarried were also inde-
pendently associated with persisting acute pain, these
were postulated to reflect the psychosocial effects of
reduced social support.

More recently, interest in psychological characteristics
has widened from measurement of affect to include
another construct of distress, ‘‘pain catastrophizing,’’
defined as a tendency to exaggerate negative responses
and perceived inability to control pain.75, 76 Most devel-
opmental work using the Pain Catastrophizing Scale has
been conducted on acute pain conditions or chronic
nonsurgical pain.77, 78 However, one recent large surgical
cohort study found that pain catastrophizing was pre-
dictive of chronic postoperative pain.51 Fear of long-term
consequences of surgery and optimism were associated
with poor recovery and good quality of life, respectively.

In summary, there is a range of demographic, genetic,
clinical, and psychosocial factors that appear to be asso-
ciated with a greater risk of chronic pain after surgery.
These factors are clearly not discrete, but rather are
overlapping and interconnected, underlining how more
research is needed to tease out the nature and impact of
these associations and their implications for clinical
practice. In particular, clinical and epidemiological stu-
dies are required. Animal studies may be able to investi-
gate individual factors and inform future human studies,
but it is evident that they can never address the true
complexity of this multifactorial condition. However, the
universal risk factor is already clear: chronic pain after
surgery only occurs when the patient has had a surgical
procedure. We discuss the policy and clinical implications
of this in the next section.

PREVENTION

Chronic postsurgical pain syndromes are usually difficult
to treat and therefore prevention is important. Unfortu-
nately, we only have limited evidence about effective
strategies for preventing chronic postsurgical pain. As we
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have shown in this chapter, considerable further research
is needed about the etiology, mechanisms, and risk factors
for chronic postsurgical pain before we can determine
effective strategies for preventing it. In the meantime,
there are two areas that we can consider.

Reducing the use of surgery as an intervention

The universal risk factor for chronic pain after surgery is
having had a surgical procedure. Preventing unnecessary
surgery is therefore an obvious and important strategy.
There are two approaches which may achieve this goal,
first preventing diseases that often require surgery and
second preventing patients from having operations that
are ineffective, unnecessary, or inappropriate for their
condition.

Many surgical procedures are performed for diseases
which are preventable. For example, the two most com-
mon reasons for lower limb amputation are peripheral
vascular disease and diabetes.79 In order to prevent
phantom pain therefore, addressing the problems of
smoking and obesity in the population are measures that
could be effective. Obesity increases the risk for many
other conditions which often result in surgery as well,
including gallbladder disease, osteoarthritis, some types of
cancer, and heart disease.80 For many types of cancer,
screening can detect early tumors, resulting in less radical
treatments.

Some patients have what might be described as
‘‘inappropriate operations’’ for diseases where there is no
evidence to support surgical treatment, for example some
types of back pain81 or irritable bowel syndrome.82

Patients who are considering undergoing a surgical pro-
cedure for cosmetic reasons need to be aware of the risk of
persistent pain after surgery.

It is well recognized that interventions provided by
health services are prey to errors of over-use, misuse,
and under-use,83, 84, 85, 86 and that striking variations are
found in surgical practice as in other specialties.84, 87 It is
not possible here to explore the very complex issues
around the provision of surgery and of other nonsurgical
interventions in detail, but it is clear that these are
important areas to address in taking a realistic and broad
view of prevention of chronic pain after surgery.

Managing perioperative pain effectively

Good perioperative analgesia should be part of a com-
prehensive program of perioperative care88 for several
reasons, including ethical, humanitarian, and medical.
It may lead to a reduction of complications in the
immediate postoperative period as well as in the long
term. We referred above to studies that show an asso-
ciation between acute postoperative pain and chronic
pain after surgery. This association would suggest that

effective treatment of perioperative pain may also have
the important benefit of reducing the incidence of
chronic pain after surgery.

The choice of anesthetic and analgesic technique
influences pain in the immediate postoperative period,
but there are few good studies on different types of
anesthesia and analgesia and chronic pain after surgery.
The impetus for research in this area is the hope that by
preventing the afferent barrage of signals from the per-
iphery at the time of surgery and during the postoperative
period, and by giving drugs that affect the mechanisms
responsible for sensitizing the nervous system, chronic
pain may be prevented.

Studies in this area are challenging and many have
methodological problems. For example, controlling for all
other variables is almost impossible. The further problem
of recall bias is illustrated in a paper by the Helsinki group
in a study of women with breast cancer.73 They found that
the memory of the intensity of the postoperative pain
increased with time in those who had chronic pain, but
decreased in those who did not have chronic postsurgical
pain.73 As with preoperative pain, this underlines the
importance of collecting data in the perioperative period,
and calls into question the validity of pain scores based on
patients’ recall of past pain. The importance of rigorous
methodology is illustrated by the case of cryoanalgesia for
postthoracotomy pain. A study which described the
technique in some detail but was short on other details
recommended the method.89 It was widely used at one
time, but a subsequent randomized controlled trial90

showed no benefit, with a suggestion that it made the
problem worse, a finding confirmed by Richardson et al.12

Several studies have examined the link between peri-
operative analgesic techniques and chronic postsurgical
pain. The results are contradictory, with many studies
showing no benefit.67, 91 Paxton et al.92 studied the effect
of a local anesthetic block in vasectomy and concluded
that it could prevent chronic testicular discomfort.
However, this optimistic finding is not borne out by other
studies of vasectomy.93

Some studies are encouraging. Local anesthesia at the
time of the operation can reduce pain for up to ten days
in tonsillectomy94, 95 and herniorraphy.96 The local anes-
thetic will clearly have worn off after a few hours, so such
a prolonged effect is presumably caused by reducing
central sensitization. There is evidence that regional
anesthetic techniques confer benefit in the perioperative
period for thoracotomy97 and this may give long-term
benefit. A study of thoracotomy patients found that those
who had epidural analgesia that was initiated before
surgery and continued into the postoperative period
had less pain at six months compared to those who
had received i.v. patient-controlled analgesic opioids.98

Tiippana et al.99 also found a decreased incidence of
chronic pain when thoracic epidural analgesia was used
for analgesia after thoracotomy. However, technical pro-
blems can limit the effectiveness of interventions.69, 99
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A study of 60 patients undergoing cervical spinal
fusion using bone from the ilium found that those
who received morphine injected into the site of iliac
bone harvest were much less likely to have pain at one
year after surgery than those who had either the same
dose of morphine intramuscularly or those who had
saline infiltrated into the harvest site.100 A study com-
paring patients who had ropivacaine infusion into the
site of iliac crest bone graft harvest against a placebo
group (all patients had an intravenous morphine patient-
controlled analgesia device) found that patients in the
ropivacaine group had significantly less pain at the iliac
crest on movement at three months after surgery than
patients in the placebo group.101

Early studies on the use of adjuvant drugs around
the time of surgery, such as anticonvulsants like gaba-
pentin,102, 103, 104, 105, 106 or N-methyl-D-aspartic acid
(NMDA) antagonists, such as ketamine,107, 108 have
shown contradictory results (see also Chapter 6, Clinical
pharmacology: other adjuvants). More recent studies
using combinations of local anesthesia and gabapentin
have shown encouraging results.109, 110 Good quality
long-term studies are needed to investigate whether using
combinations of drugs around the time of surgery can be
effective in reducing postoperative pain and chronic pain
after surgery.

Preemptive analgesia: early promising signs?

There is evidence from animal work that giving analgesic
drugs prior to injury is more effective in reducing the
hyperexcitability that occurs in the spinal cord than giving
the same drugs after the injury.111 This finding led to
many papers on the subject of preemptive analgesia, a
term first used by Wall in 1988.112 The subject was
reviewed by Woolf and Chong in 1993,113 who expressed
the view that preempting pain must be the goal of all
those involved in the postoperative care of patients (see
also Chapter 9, Preventive analgesia and beyond: current
status, evidence, and future directions for a discussion of
the differentiation between, and evidence for, preemptive
and preventive analgesia).

One of the early clinical studies by Bach et al.114

reported that the incidence of phantom pain at one
year was reduced in patients having lower limb amputa-
tions, who were given analgesia by epidural local
anesthetic and opioid for 72 hours preoperatively. There
were methodological problems with this study, however,
and a later randomized, controlled, double-blind trial
showed no benefit.115 There was also no difference in
hyperalgesia, allodynia nor wind up-like pain116 between
those given preemptive treatment and the controls.
Despite many subsequent studies there is still no con-
vincing evidence that treating pain prior to amputation
or other forms of surgery prevents chronic pain
after surgery.

Despite the fact that no consistent clinical benefit
has yet been shown from preemptive analgesia, we should
not give up hope that preemptive analgesia may prove to
have a role in reducing chronic postsurgical pain. The
animal work is robust and we have to ask why it has not
translated into clinical benefit. In a thoughtful article on
the subject, Aida117 points out that there are many
important differences between the animal studies and
the reality of clinical work. Experimental animals have
no preexisting pain and the pain stimulus is normally to
an extremity, with segmental innervation only. The ani-
mal procedure is normally short and circumscribed,
whereas in human surgical operations the operation may
be prolonged, over a large area of the body, with complex
innervation. The pain may persist into the postoperative
period. As Aida points out, if pain breaks through at
any point during the patient’s surgical episode, even for
a short while, then sensitization of the nervous system
may occur, leading to long-term changes and persistent
pain. It may be that the methods used in previous clinical
studies of preemptive analgesia were inadequate to reduce
afferent input sufficiently. Perhaps by using combinations
of drugs it may be possible to reduce both acute post-
operative pain and chronic pain after surgery.

Research needs to continue to further our under-
standing of the role of anesthesia and analgesia in redu-
cing chronic pain after surgery and to determine the best
methods of achieving this. In the meantime, controlling
pain in the perioperative period is something over which
we have some control and about which there is a great
deal of evidence.118 Applying this knowledge of acute
postoperative pain management is important in its own
right and it appears that it may also be important because
of the apparent association between intensity of acute
postoperative pain and chronic pain after surgery. Thus,
in comparison to many of the other risk factors, there is
existing knowledge that we can bring to bear on the
problem of chronic pain after surgery while we wait
for the further research that we need. However, using
this knowledge in routine clinical practice is not
straightforward.

Achieving effective postoperative pain
management: organizational barriers

Despite its importance, it has long been recognized that
postoperative pain management is not well managed in
hospitals in many countries.119, 120, 121, 122 Problems con-
tinue despite the introduction of acute pain services and
the considerable efforts made by many individuals and
teams, and it has proved hard in many settings to embed
lasting changes in routine postoperative pain manage-
ment for all surgical patients.123, 124, 125, 126 There is
therefore a gap between the current knowledge about
effective practice in postoperative pain management and
the service that patients routinely receive.127 As Chapter
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48, Acute pain services and organizational change in the
Practice and Procedures volume of this series explores, the
reasons for this are complex and include technical pro-
blems, lack of resources, conflicting organizational prio-
rities, and the need to change attitudes and practices
around pain management. Tackling the deficits in
postoperative pain management will require clinicians,
policymakers, and researchers to address a range of
challenges.

CONCLUSIONS

In the past ten years, much work has been published on
chronic pain after surgery, and some of the recent work
has focused on risk factors. There are many methodolo-
gical problems in this area and future research needs to
take account of the complexity of the mechanisms and
multifactorial nature of the causes. Chronic pain after
surgery is common and hard to treat, so prevention is
important. At present, the options are limited, but pro-
viding the best possible pain relief around the time of
surgery and preventing unnecessary operations are two
worthwhile strategies.
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anesthesia/anesthetic(s)

chronic postsurgical pain 563,

564

general, burn pain treatment 404

local see local anesthetic(s)

anesthesia emergence, postsurgical pain

management 329

angina pectoris

acupuncture 284

elderly perception 509–10

TENS 280

angiogenesis, sports injuries 528

animal models/studies

acupuncture 281

anticonvulsants 103

chronic postsurgical pain 561

nitrous oxide 97

opioid-tolerant patients 543

preemptive analgesia 565

ankle pain 441

anterior cruciate ligament repair,

femoral nerve blocks 240

antibiotics

pharyngitis 418

septic arthritis 434

anticholinergic actions, pethidine

62

anticoagulants

cardiac surgery 262

epidural analgesia 518

spinal hematoma 261

see also individual drugs

anticonvulsants 103–5

adverse effects 103–4

clinical effects 103

clinical use 104–5

burn pain 403–4

chronic postsurgical pain

prevention 565

migraine 104–5

neuropathic pain

see below

opioid-tolerant patient

management 549

postsurgical pain management

335

elderly 516

field/disaster situations 380

mechanism of action 103

neuropathic pain 104

intensive care 351–2

perioperative use 104

pharmacokinetics 103 T

properties 103

see also individual drugs

antidepressants 105

clinical use 105

opioid-tolerant patient

management 549

perioperative period 106

pharmacokinetics 105 T

see also individual drugs

antiemetics, nausea and vomiting

227

anti-inflammatory effects

lidocaine 107

local anesthetics 124

anti-oxidants, local anesthetics 118

antiplatelet drugs

epidural analgesia

contraindication 518

spinal hematoma 261

see also individual drugs

antireflux valves, PCA 226

anxiety

acute postsurgical pain 157

children 309

chronic postsurgical pain 157, 563

labor pain 466

PCA 222

anxiolytics, opioid-tolerant patient

management 549

aplastic anemia, NSAID-induced 73

arachidonic acid metabolites, peripheral

sensitization 22–3

arginine salts, oral NSAIDs 202

arthritis, septic 433–4

arthrography, articular pain 433

articaine 127

articular cartilage injuries 530

blunt trauma 530

chondromalacia 530

articular pain 432–3

blood tests 432–3

hemarthrosis 436

imaging 433

inflammatory see inflammation; joint

pain

‘‘mechanical’’ pain 436
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articular pain (continued)

noninflammatory 435–6

activity modification 435

drug therapy 435

exercise 435

injections 435–6

rest 435

supports 435

trigger points 436

osteonecrosis 436

synovial fluid aspiration 432

see also individual diseases/disorders

arylacetic acids 77–8

see also individual drugs

arylpropionic acids 76–7

see also individual drugs

ascending pathways, postnatal

nociception development 38

aseptic meningitis, NSAID-induced

72

aspartate, nociception 9–10

aspiration, septic arthritis 434

aspirin (acetylsalicylic acid) 75,

75–6

administration routes

buccal/sublingual 207–8

intravenous 205–6

adverse effects

asthma 71

neonatal Reye’s syndrome 73

Reye’s syndrome 73, 76

emergency departments 365

ischemic cardiac chest pain 365

low-dose, cardiovascular protective

effects 71–2, 75–6

metabolism 70

migraine 365

numbers needed to treat 89 T

platelet aggregation prevention

76

properties 75 T

sports injuries 532–3

thromboxane inhibition 76

WHO essential drug list 395 T

assessment/measurement (of

pain) 135–6, 136 T, 138–48

cognitive impairment 511–2

developing world see developing

world

elderly see elderly

frequency of 136

functional assessment 147–8

ICUs see intensive care units (ICUs)

inclusive factors 135

meta-analysis 137, 149

pain intensity scales 136 T,

139–47

pediatric patients see children

persistent noncancer pain 545

preventive analgesia 189

research 137

analgesia comparisons 148–9

PCA 149

reliability 148

validation 148

satisfaction scoring 137

ranked categorical scales 150

retrospective appraisals 150

substance abuse disorder see substance

abuse disorder (SAD)

treatment adverse effects 137

sedation scoring 150

see also pain history; specific scales

associated symptoms, pain history 137

assurance, mechanical back pain

management 454

asthma

aspirin adverse effects 71

COX-2 selective agents 71

NSAIDs 483

adverse effects 71

astrocytes, nociception 11

atropine, renal colic 415

attentional techniques 298

auricular electrical stimulation, burn

pain 404–5

Australasian Triage Scale 140

autonomic indicators, ICU pain

assessment 345

autonomic nervous system,

acupuncture 280–1

avoidant attitude development,

children 309

avulsion fractures 529

axillary brachial plexus blocks

237–8

affecting factors 237

catheter placement 237–8

emergency departments 368

field/emergency situations 382 T

forearm fractures 368

vascular flow 237

axon convergence theory, referred

pain 11

axotomy, postnatal development

effects 44

azapropazone 76

back exercises, low back pain

management 451–2, 451 T

background infusion see patient-

controlled analgesia (PCA)

background pain see burn pain

back pain see low back pain (LBP)

back schools, low back pain

management 451 T, 452

bacteria, septic arthritis 433

Bangladesh, healthcare spending

391 T

barcode readers, PCA 226

baroreceptor(s), opioids, inhibition

by 57

battlefields see field/disaster situations

BDNF see brain-derived neurotrophic

factor (BDNF)

bed rest, low back pain

management 451, 451 T

behavior(s)

hyperalgesia 20–1

substance abuse disorder 545

behavioral assessments (of pain)

144–5

children 480

clinical use 144

direct observation 145

elderly 512

ICUs 345, 346 T

physiological responses vs. 144–5

surrogates 147

therapeutic response 147

Behavioral Pain Assessment Scale

346 T

Behavioral Pain Scale (BPS) 479 T

Belize, healthcare spending 391 T

benorilate 75

benzocaine

characteristics 125–6 T

dyspepsia 417

topical anesthesia 128

benzodiazepines

burn pain 403

opioid-tolerant patient

management 549

b-endorphin(s), labor pain 466

beta-blockers

ischemic cardiac chest pain 365

NSAID interactions 74 T

b subunit, voltage-gated Na+

channels 114–5

betamethasone, postsurgical nausea and

vomiting 106

B fiber(s)

classification 4 T

local anesthetic sensitivity 116 T

biceps tendinitis see knee pain

Bier’s block see intravenous regional

anesthesia (Bier’s block)

bilateral operation data, chronic

postsurgical pain 561

bilateral pudendal block, labor pain

470
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biliary colic 415–6

cholecystectomy 415

emergency departments 364

metamizole 415

NSAIDs 415

opioids 415

pethidine 415

bispectral analysis, ICUs 345

bleeding, NSAID-induced 483

blood flow, cryotherapy 535–6

blood pressure, NSAID-induced 72

blood tests, nonarticular pain 433

blunting, definition 310–1

blunt trauma 530

body fat changes, age-related changes

see elderly

body water, age-related changes 506 T

Bolivia, healthcare spending 391 T

bolus dose

continuous peripheral neural

blockade 245

PCA see patient-controlled analgesia

(PCA)

bone, definition 528

bone injuries 528–30

epiphyseal injuries 530

fixation 529

overuse injuries 529–30

periosteum 529

reduction 528–9

rest 528

‘‘rugger jersey’’ finger 529

speed of healing 528

see also fracture(s)

bone scans

articular pain 433

knee pain 440

bowel disorders, predisposition to

44

BPI see Brief Pain Inventory (BPI)

BPS (Behavioral Pain Scale) 479 T

brachial plexus block

children 490

continuous 332

elderly 519

bradycardia

clonidine 102, 487

opioid-induced 57

bradykinin, peripheral sensitization

23

brain, nociception see nociception

brain-derived neurotrophic factor

(BDNF)

nociception 10–1

peripheral sensitization 24

breakthrough pain, burn pain 401

breastfeeding, NSAIDs 73

breast surgery

catastrophizing 294

chronic postsurgical pain

559

demographics 560–1

surgery, type effects 562

preventive analgesia 185

breathing techniques, children

314

breaththrough pain, labor pain

treatment 469

Brief Pain Inventory (BPI) 147

bromfenac 77

buccal drug administration 207,

207–8

nonopioid analgesics 207–8

opioid analgesics 208

see also individual drugs

bupivacaine 127

adverse effects

cardiotoxicity 127, 487

myotoxicity 124

transient radicular irritation 122

ventricular fibrillation 127

caudal epidural block 491

characteristics 119 T, 125–6 T

children

adverse effects 487

caudal epidural block 491

dental surgery 489

epidural block 492

herniorrhaphy 489

inguinal blocks 489

penile block 490

strabismus surgery 489

continuous peripheral neural

blockade 245

epidural block 492

see also individual types

fentanyl, with, neuraxial analgesia

258

half-life 515

intra-articular analgesia 331

lumbar epidural analgesia

fentanyl addition 471, 471 F

labor 470, 471 T, 472 F

metabolism 120

postsurgical pain management

331

WHO essential drug list 395 T

wounds 367

(R)-bupivacaine, toxicity 122

(S)-bupivacaine, toxicity 122

buprenorphine 61

administration routes 61

buccal/sublingual

administration 208

intranasal administration 208,

208 T

transdermal administration

see below

mechanism of action 550

morphine equivalents

547 T

opioid-tolerant patient

management 550–1

pharmacokinetics 59 T,

550–1

potency 61

respiratory depression 61

substance abuse disorder

management 550–1

transdermal administration 207,

551

respiratory effects 207

bupropion, HIV-related peripheral

neuropathy 413

burn(s) 399–400

local cell death 400

prevalence 399–400

wound depth 400

wound dressings 402, 405

honey 405

burn pain 399–409

assessment 401–2

background pain 401

procedural pain vs. 402

reduction of 401

breakthrough pain 401

central mechanisms 400–1

characteristics 400–1

consciousness influence 400

evolution of 401

mechanisms 399–401

neuropathic pain 401

nociceptive pain 401

peripheral mechanisms

400

procedural pain 401,

402

background pain vs. 402

psychological factors 401

treatment 402–5

general anesthesia 404

inhalational anesthesia 402,

404

lidocaine 107

local anesthesia 400–1,

404

local cooling 402

nitrous oxide 98

nonopioid analgesia 403–4

nonpharmacological

approaches 404–5
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burn pain (continued)

opioids 400–1, 402, 402–3

painful maneuvers 402

PCA 402

see also individual drugs

butorphanol 61

intranasal administration 208 T

butyl amino-benzoate (BAB) 129

calcitonin 106–7

adverse effects 106

long-term administration 106

clinical effects 106

clinical use 106–7

osteoporotic vertebral crush

fractures 107

phantom limb pain 107

mechanism of action 106

receptor distribution 106

pharmacokinetics 106 T

properties 106

calcitonin gene-related peptide (CGRP)

nociception 9

opioid-tolerant patients 544

peripheral sensitization 21

calcium/calmodulin-dependent protein

kinase (CaMKII) 25 F, 26

capsaicin 26

central sensitization 26

postnatal development 35 T

calcium crystal arthropathies 434

calcium hydroxyapatite dihydrate

deposition disease 434

calcium pyrophosphate dihydrate

deposition disease 434

calor, musculoskeletal pain 431–2

CaMKII see calcium/calmodulin-

dependent protein kinase

(CaMKII)

cancer, patient beliefs 295

cancer mucositis, oropharyngeal

pain 418–9

cancer pain

HIV-related pain treatment vs. 413

methadone 61

cannabis

mechanism of action 15

nociception 15

cannula insertion, nitrous oxide 98

capsaicin

calcium/calmodulin-dependent

protein kinase 26

protein kinase activation 26

carbamazepine

liver failure 349

multiple sclerosis 411

perioperative use 104

carbonated salt preparations, local

anesthetics 118–9

cardiac output

elderly see elderly

opioids 507–8

cardiac pacemakers, TENS

contraindications 277

cardiac pain 417–8

acute coronary syndrome 417

morphine 418

nitroglycerine 418

nitrous oxide 418

cardiac surgery

chronic postsurgical pain 559 T

epidural analgesia 263

patient-controlled 263

ICUs 351

intrathecal analgesia 263

neuraxial analgesia see neuraxial

analgesia

cardiotoxicity, bupivacaine 127, 487

cardiovascular compromise, continuous

spinal analgesia 260–1

cardiovascular drugs, local anesthetic

interactions 124

cardiovascular system

alpha-2 adrenoreceptor agonists 102

local anesthetics 122, 257

low-dose aspirin benefits 71–2,

75–6

NSAID-induced 71–2, 334, 516

carpal fractures 528

carpal instability see wrist pain

carpal tunnel syndrome, pregnancy 462

cartilage deterioration, osteoarthritis

vs. 436

catastrophizing 293

breast surgery 294

children 310

definition 310

postsurgical pain 294

chronic 563

catecholamine-O-methyltransferase

(COMT), chronic postsurgical

pain 561

catheter(s)

axillary brachial plexus blocks

237–8

continuous peripheral neural

blockade 243–4

epidural analgesia 260

sciatic nerve block 240

cauda equina syndrome 448–9

caudal epidural block, children

490–1

anesthetic spread 490, 491 T

complications 490–1

drug combinations 491

procedures 490

CBT see cognitive-behavioral therapy

(CBT)

celecoxib 78, 79

oral administration 202–3

properties 75 T

cell membrane electrical gradient

114

cellular electrophysiology 114

central nervous system (CNS)

age-related changes 506 T

indomethacin adverse effects

72

ketamine adverse effects 99

local anesthetic toxicity 122,

257

NSAID-induced 72, 516

central nervous system depressants,

local anesthetic interactions

123

central post-stroke pain 411

central sensitization 24–7,

25–6

AMPA receptors 25

definition 25

dorsal horn plasticity see dorsal horn

plasticity

excitatory postsynaptic potentials

25

experimental demonstration 25

kainate receptors 25

opioid effects 168

protein kinases 26–7

calcium/calmodulin-dependent

protein kinase 26

extracellular signal-regulated

kinases 26–7

mitogen-activated protein

kinase 26–7

central venous cannulation, substance

abuse disorder management 546

cerebral drug uptake, elderly see elderly

cesarean section, chronic postsurgical

pain 559 T

C fiber(s)

acupuncture 280–1

acute postsurgical pain 156

burn pain 400

classification 4 T

local anesthetic sensitivity 116 T

nociception 4, 6 T

peripheral sensitization 21

postnatal development 33,

34 T

functional contacts 33

hyperalgesia 39
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CGRP see calcitonin gene-related

peptide (CGRP)

Checklist for Interpersonal Pain

Behavior (CHIP) 145

chemoreceptors, somatic

nociceptors 4–6

CHEOPS see Children’s Hospital of

Eastern Ontario Pain Score

(CHEOPS)

children 477–503, 309

adult dysfunctional cognition

development 309

avoidant attitude development 309

culture 311–2

developmental considerations 311,

311 T

ethnicity 311–2

illness 309

injury 309

pain assessment 145, 312, 478–80

behavior 480

communication impaired 480

family/cultural effects 478–9

indirect methods 480

infants 480, 481 T

neonates 479 T, 480

physiological methods 480

self-reporting 145, 479

tests 145, 479 T

pain study 478

parent/family roles 481

postsurgical nausea and vomiting 489,

490

morbidity 493

procedural pain 313

children, pain management 310 F,

312

epidural anagelsia see epidural

analgesia

local anesthetics 120–1

multimodal analgesia 480–1

nitrous oxide 98

NSAIDs 73, 492

off-label prescriptions 478

parenteral analgesia 490

NSAIDs 492

nurse controlled analgesia 490

opioids 492

paracetamol 492

PCA 490

pharmacology 481–8

see also individual drugs

plans 480–1

postsurgical pain 480, 488–9

procedural pain 490

complementary therapies 493

inadequate treatment 493

infants 493–4

neonates 493

procedures 493

psychological therapy see

psychological therapy, children

systemic analgesia 492–3

see also individual methods

Children and Infants Postoperative Pain

Scale (CHIPPS) 479 T

Children’s Hospital of Eastern Ontario

Pain Score (CHEOPS) 481 T

burn pain assessment 402

CHIP (Checklist for Interpersonal Pain

Behavior) 145

CHIPPS (Children and Infants

Postoperative Pain Scale)

479 T

chloroprocaine 124

characteristics 125–6 T

chlorpromazine, migraine 365, 366,

366 T

cholecystectomy

biliary colic 415

chronic postsurgical pain 559 T,

562

cholecystokinin, nociception 15, 17

cholinesterase, local anesthetic

metabolism 120

chondromalacia, sports injuries 530

chronic cancer pain, opioid tolerance

see opioid-tolerant patients

chronic constriction injury (CCI),

postnatal development effects

44

chronic inflammation, septic

arthritis 434–5

chronic pain

development 292

healthcare provider beliefs 296

transition prevention, NSAIDs 70

‘‘yellow flags’’ 296

substance abuse disorder 542

chronic postsurgical pain (CPSP)

definitions 559

demographics 560, 560–1

genetic factors 560, 561

implications 560

incidence 559, 559 T

mechanisms 560

medical factors 560,

561–3

acute postsurgical pain severity

563

analgesia 563

anesthesia 563

anxiety 563

catastrophizing 563

concomitant treatments

562–3

distress 563

preoperative pain 561–2

psychosocial factors 563

surgeon experience 562

surgery, reasons for 562–3

surgery type 562

predictors 156–7

age 157

anxiety 157

gender 157

preoperative pain 156–7,

190

prevention

see below

risk factors 560–3

inappropriate surgery 559

chronic postsurgical pain

prevention 558–69

historical aspects 558–9

organizational barriers 565–6

perioperative pain

management 564–5

analgesia choice 564

anesthetic choice 564

anticonvulsants 565

gabapentin 565

ketamine 565

local anesthetics 564

NMDA antagonists 565

preemptive analgesia see preemptive

analgesia

preventive analgesia see preventive

analgesia

surgery, reduction of 564

ciclosporin, NSAID interactions 74 T

cimetidine, porphyria management

421

cinchocaine 125–6 T

circumcision, penile block 490

Clinical Standards Advisory Group

(CSAG) 454

clinical trial difficulty, children 478

clonidine

adverse effects 102

bradycardia 102, 487

children 487

dose-related 379–80

hypotension 487

sedation 102, 487

burn pain 403–4

children 486–7

continuous peripheral neural

blockade 245

field/disaster situations 379–80

ICU analgesia 348
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clonidine (continued)

intra-articular analgesia 331

morphine co-administration,

PCA 224

neuraxial analgesia 259

meta-analyses 259

opioid-tolerant patient

management 549

perioperative use, PCAs 102

pharmacokinetics 101 T

children 487

as premedication 102

properties 101

clopidogrel, epidural analgesia

contraindication 518

coadministered drugs, PCA see patient-

controlled analgesia (PCA)

coagulation disorders, continuous

peripheral neural blockade see

continuous peripheral neural

blockade (CPNB)

cocaine 124

characteristics 125–6 T

historical aspects 113

topical anesthesia 128

Cochrane Collaboration Back Review

Group, low back pain 447

codeine 60

administration routes

intramuscular administration

485

oral administration 485

adverse effects 485

children 485

metabolism, cytochrome P450

46

noninflammatory articular pain

435

numbers needed to treat 89 T

paracetamol, with 87–8

pharmacokinetics 59 T, 485

sports injuries 532–3

WHO essential drug list 395 T

cognition

fentanyl-induced adverse effects

515

impairment, elderly see elderly

NSAID-induced 515

opioid-induced 515

cognitive-behavioral therapy (CBT)

adults 299–301, 299

aims 300

medical interventions, with 300

minimal intervention strategies

300

multimodal techniques 300

study problems 300

burn pain 405

children 317–8, 317

mechanism of actions

317–8

modeling 317

parental involvement 317

positive self-statements 317

procedural pain 493

reframing 317

rehearsal 317

thought stopping 317

low back pain management 451 T,

453

opioid-tolerant patient

management 549

colchicine, gout 434

cold treatment see cryotherapy

collagenases, in healing 528

collagen deposition, in healing

528

collateral ligament injury see knee pain

Colles fractures see forearm fracture(s)

colocated L-glutamate, opioid-tolerant

patients 544

combat support hospitals (CSH) 376–7,

376 F

combined spinal–epidural (CSE)

analgesia 210, 260

leg surgery 260

needles 260

obstetrics 260

COMFORT 479 T, 480, 481 T

commercial cold packs 536

communication

healthcare provider education 297

impaired, children 480

pain history 137

comorbidities, substance abuse

disorder 545

complementary and alternative

medicine (CAM), procedural pain,

children 493

complex regional pain syndromes

(CRPS)

central post-stroke pain 411

early nerve injury effects 45

compression, sports injury

management 532

concurrent medications

chronic postsurgical pain

562–3

PCA complications 226

confidence intervals, meta-analysis of

pain assessment 149

consciousness, burn pain 400

conservative management, abdominal

pain 414

constipation, opioid-induced 57

context, information provision

297

context-sensitive half-times

opioids 58

sufentanil 58

continuous abdominal pain, labor

pain 465

continuous epidural analgesia

260

analgesic efficacy, PCA vs.

222

children 491

gastrointestinal surgery 264

continuous femoral block, postsurgical

pain 332

continuous interscalene nerve block,

postsurgical pain 332

continuous labor support, labor pain

treatment 468

continuous lumbar plexus block,

postsurgical pain 332

continuous paravertebral blockade see

paravertebral block(s)

continuous peripheral neural blockade

(CPNB) 236–54

adjuvant drugs 245

aim 237

clinical use 238 T

complications 246–7

catheter-related 247

infection 247

neurological complications

see below

contraindications 242–3

allergies 242

block-specific 243

coagulation disorders

242

individual decisions 243

infections 243

local infections 243

patient refusal 242

preexisting neurological

problems 243

systemic infections 243

doses 245

drugs 244–5

see also individual drugs

equipment 243–4

field/disaster situations see field/

disaster situations

history 236

local anesthetics 244–5

analgesic gap 245

bolus dose 245

choice 244–5
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doses 245

infusion rates 245

lockout interval 245

postsurgical pain management

see postsurgical pain

management

toxicity 245

lower limbs 239–41

adverse effect avoidance 239

monitoring 237

multidisciplinary teams 237

neurological complications

246–7

incidence 246

permanent brain damage 246

post-orthopedic surgery 246

post-hip surgery 241

postsurgical analgesia 237,

246

hip surgery

see above

post-knee surgery 241

systemic opioids vs. 237

trunk 241–2

types 237–42

see also individual types

ultrasound imaging 244

upper limb 237–9

see also individual blocks

continuous popliteal block, postsurgical

pain 332

continuous renal replacement therapy

(CRRT) 349

continuous sciatic block, postsurgical

pain 332

continuous spinal analgesia

(CSA) 260–1

cardiovascular compromise

260–1

microcatheters 261

orthopedic surgery 260–1

contractions, labor pain 464–5

control issues, PCA 221

controlled-release preparations, oral

opioid drugs 203–4

Controlled Trials of Acupuncture

(STRICTA) 282

coping strategies, children 313

coping style, children 310–1

co-proxamol, withdrawal 88

cortex

electroencephalography 38

near-infrared spectroscopy 38

nociception 12–3

corticosteroid(s) 105–6

adverse effects 105

clinical effects 105

clinical use 106

opioid-related nausea and

vomiting 258

sickle cell disease pain

420–1

sports injuries see sports injuries,

management

mechanism of action 105

NSAID interactions 74 T

during pregnancy 462

properties 105

cortisol, labor pain 466

CORTRA analysis, neuraxial

analgesia 265

cost-effectiveness

developing world 396

neuraxial analgesia 264–5

counting thoughts, children

313

CPNB see continuous peripheral neural

blockade (CPNB)

CPSP see chronic postsurgical pain

(CPSP)

C-reactive protein (CRP), articular

pain 433

CRIES (CRying, Increased vital signs,

Expression, and Sleeplessness) 145,

479 T, 480

Crohn’s disease 416–7

cross-tolerance, definition 540

CRPS see complex regional pain

syndromes (CRPS)

CRying, Increased vital signs,

Expression, and Sleeplessness

(CRIES) 145, 479 T, 480

cryotherapy 535–6

ankle pain 441

contraindications 536

methods 536

physiological effects

535–6

blood flow 535–6

edema 535–6

muscle responses 536

nerve conduction 536

crystal arthritis 434

CSA see continuous spinal analgesia

(CSA)

CSAG (Clinical Standards Advisory

Group) 454

CSE see combined spinal–epidural

(CSE) analgesia

CSS (Clinical Scoring System)

479 T

culture see sociocultural factor(s)

cyclic AMP (cAMP), intracellular

signaling 22

cyclizine, nausea and vomiting

228

b-cyclodextrin linkage, oral

NSAIDs 202

cyclooxygenase(s), NSAID mechanism

of action 69

cyclooxygenase 1 (COX-1) 69

cyclooxygenase 2 (COX-2)

69

cyclooxygenase-1 vs. 69

inflammation 174

cyclooxygenase 2 (COX-2) selective

inhibitors 75, 78–9

asthma 71

children 483

dysmenorrhea 417

elderly 515–6

gastrointestinal adverse effects

71

pancreatitis 416

postsurgical pain management 332,

333–4

preventive analgesia 175

sports injuries 533

CYP2D6

absent activity 223

codeine metabolism 60

cytochrome P450, codeine

metabolism 46

cytokine(s)

ICUs 348

peripheral sensitization 23

day-surgery

children 489

NSAIDs 70

deep partial thickness burns

400

degenerative diseases, lumbar spine

diseases/disorders 446

degenerative tendinopathies,

corticosteroids 535

deliberate tampering, PCA 226

delirium, elderly pain assessment 512,

512 T

delta (d) opioid receptors see opioid

receptor(s)

dementia, pain assessment

145–7

dental pain 418

acupuncture 283 T, 284–5

dental surgery 489

deployable rapid assembly shelter

and surgical hospital

(DRASH) 376–7

depression, postsurgical pain 294

de qi, acupuncture 281–2
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de Quervain’s stenosing tenosynovitis

see wrist pain

descending pathways

hyperalgesia see hyperalgesia

postnatal nociception development

38

TENS 274

desmopressin, renal colic 415

developed world, low back pain 445

developing world 389–98

administration problems 393

training lack 393

understaffing 393

analgesia availability/effectiveness

390

emergency situations 390

sub-Saharan Africa 390

barriers to pain relief 390–3

see also individual barriers

case studies 397

drug cost/availability 396

cost-effectiveness analysis 396

‘‘off licence’’ drugs 396

patient purchase 396

geography 390

local anesthesia 395–6

epidural analgesia 396

plexus blockade 396

single shot caudal analgesia

396

spinal analgesia 395–6

wound local infiltration 396

opioid availability 391–2

fear of 392

governmental restrictions 392

morphine 391–2, 392 F

pethidine 392, 392 T

overseas visitor observations

396–7

pain assessment 394

pain incidence/prevalence

389–90

obstetrics 390

road traffic accidents

389–90

surgery 390

trauma 389–90

patient factors 393

pharmacological therapy 394–5

intramuscular route 395

intravenous route 395

ketamine 395

modes of delivery 395

oral delivery 395

PCA 395

WHO analgesic ladder 394,

394 F

WHO essential drug list 395,

395 T

World Federation of Societies

of Anaesthesiologists 394,

394 F

population 390

prescribing problems 393

psychological interventions 394

resources 391

healthcare spending 391 T

storage/transport of drugs 391

techniques 393–6

dexamethasone

migraine 366

opioid-related nausea and

vomiting 258

pharmacokinetics 105 T

pharyngitis 418

postsurgical nausea and vomiting 106

children 493

sports injuries 533–4, 535

transdermal 535

dexketoprofen

intravenous administration 205–6

oral administration 202–3

dexmedetomidine

field/disaster situations 379–80

ICUs 102

ICUs analgesia 348

limitations 334

neuraxial analgesia 259

opioid-tolerant patient

management 549

perioperative use 102

pharmacokinetics 101 T

postsurgical pain management

334

preventive analgesia 185

properties 101

dextromethorphan

postsurgical pain management

334–5

preventive analgesia 165 T, 175,

180–5 T

intramuscular 184

opioid tolerance reduction

184–5

reduced analgesic requirements

184

surgical procedures 184

dextropropoxyphene

elderly 513

paracetamol, with 88

dextrose, porphyria management

421

diabetic polyneuropathy, neuraxial

analgesia 256

diamorphine 59

administration routes 59

epidural 485

intranasal 208, 485

intrathecal 485

oral 485

parenteral 485

subcutaneous 205

children 485

metabolism 59

mu opioid receptor 59

diasters see field/disaster situations

diathermy, ankle pain 441

diclofenac 77

administration routes

intravenous 205–6

rectal 204

transdermal 206–7

adverse effects, serum transaminase

levels 71

cardiac surgery 351

children 482–3

doses 483 T

metabolism 70

numbers needed to treat 89 T

preparations 77

properties 75 T

diflunisal 75, 76

digoxin, NSAID interactions 74 T

dihydrocodeine, oral

administration 203

dihydroergotamine, migraine

366

diltiazem, ischemic cardiac chest

pain 365

diphenhydramine, nausea and

vomiting 228

dipyrone, intravenous

administration 205–6

direct observation, behavioral pain

assessment 145

direct sports injuries 526

Discomfort Scale for Dementia of the

Alzheimer Type (DS-DAT)

145–6

disease beliefs, developing world

393

disease-modifying therapy,

Guillain–Barré syndrome 412

disease-specific therapy, HIV-related

pain 413

disposable devices, PCA 218

distraction, children 313

counting thoughts 313

failures of 313

memories 313

mental exercises 313
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object focusing 313

procedural pain 313, 493

distress, chronic postsurgical pain

563

diuretics, NSAID interactions

74 T

dopamine D2 receptor antagonists,

opioid-related nausea and

vomiting 258

dorsal horn

neurotransmitters see nociception

postnatal development 34 T

dorsal horn plasticity 24–5

G-protein coupled receptors

25–6

initiation 25–6, 25 F

ligand-gated ion channels

25–6

long term potentiation 24–5

high-frequency stimuli 25

low-frequency stimuli 25

voltage-gated calcium channels

25–6

wind up 24

dorsal root ganglia, postnatal

nociception development 33

double effect principle, palliative

analgesia 33

droperidol

field/disaster situations 380

nausea and vomiting 227–8

opioid-related 258

pruritus 228

drotrecogin alfa (activated protein

C) 350

drug(s)

cost/availability, developing world see

developing world

security, substance abuse disorder

management 546

withdrawal symptoms, ICUs 348

drug history, substance abuse

disorder 545

‘‘drug-in-adhesive matrix,’’ fentanyl

transdermal administration 207

drug-seeking behavior see substance

abuse disorder (SAD)

DSVNI (Distress Scale for Ventilated

Newborn Infants) 479 T

dynorphin, kappa opioid receptor

binding 55

dysfunctional labor, labor pain 467,

467 F

dysmenorrhea 417

acupuncture 283 T, 284, 417

COX-2 selective inhibitors 417

NSAIDs 70

risk factors 417

TENS it, 280, 417

dyspepsia 417

benzocaine 417

lidocaine 417

NSAID-induced 70–1

dysphoria

nitrous oxide 97

opioid-induced 56

Ebers Papyrus 201–2

edema

cryotherapy 535–6

organ failure 349

education

low back pain 447

sickle cell disease pain 421

efficacy, definition 54

elbow pain 437–8

clinical features 437

entities 437

investigations 437–8

management 438

elderly 504–25

analgesic drugs 513–6, 516–9

see also individual drugs

body fat changes 506 T, 508

obesity 508

cardiac output 506 T, 507–8

drug distribution 507–8

cerebral drug uptake 507

cognitive impairment 511

fMRI 511–2

pain assessment 511–2

placebo trials 511–2

reported pain 511

dose response 505

emergency departments 361

epidural analgesia see epidural

analgesia

inadequate pain relief 504

factors 504

local anesthetics 121

muscle mass changes 506 T, 508

NSAIDs 73

pain assessment 510–3, 512–3

behaviors 512

delirium 512, 512 T

Faces Pain Scale 512

noncommunicative patients 512

NRS 512

Pain Assessment in Advanced

Dementia 512

self-reporting 510–2, 512

verbal descriptor scale 512

verbal numerical rating scale 512

Visual Analog Scale 512

pain perception 509–10, 511 T

abdominal pain 510

angina 509–10

postsurgical pain 510

thresholds 509

tolerance 509

pharmacodynamics 505–9

cerebral drug uptake

see above

pharmacokinetics 505–9

hepatic clearance 508

non-oral absorption 505–7

oral absorption 505

systemic 505–7

physiological changes 506 T

physiological simulations 509

bolus dose 510 F

infusion 511 F

minimum effective analgesic

concentration 509

protein binding changes 508

renal clearance 508

electroacupuncture 280

electroencephalography, postnatal

development 38

electromyography (EMG), postnatal

development 36–8

electrophysiology, hyperalgesia

20–1

elevation, sports injury

management 532

emergency department(s) 360–73

abdominal pain 363

children 363

diagnosis masking 363

age extremes 361

analgesia

choice of 361

delivery systems 361

systemic 361–3

see also individual drugs

biliary colic see biliary colic

children 361

abdominal pain 363

fractures 367

dislocations 367

reductions 367

sedation 367

shoulder 368

fractures 367

children 367

forearm see forearm fracture(s)

fractured neck of femur 366

nonpharmacological methods 367

reductions 367

sedation 367

see also individual fractures
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emergency department(s) (continued)

ischemic cardiac chest pain

364–5

emergent reperfusion 365

migraine 365–6

pre-admission therapy 365

nitrous oxide 98

numerical rating scale 140

presentation prevalence 361

renal colic 363–4

pathology 363

wounds 366–7

local anesthetics 366–7

topical anesthetics 367

emergency resuscitation, ICUs 351

emergency situations see field/disaster

situations

emergent reperfusion, ischemic cardiac

chest pain 365

EMLA (eutectic mixture of local

anesthetics) 128

adverse effects 488

children 487, 487–8

administration 487–8

adverse effects 488

enantiomers, local anesthetics 117,

117 F

end-of-life care 344, 350–1

organ donation 351

palliative analgesia 351

endorphin(s), mu opioid receptor

binding 55

enkephalins, delta opioid receptor

binding 55

entonox

burn pain treatment 402

labor pain 469–70

epidural analgesia 209

abdominal aortic surgery 263

anticoagulant drugs 518

cardiac surgery 263

ICUs 351

catheter placement 260

children 492

continuous see continuous epidural

analgesia

cost-effectiveness 265

developing world 396

elderly 507, 517–8

cardiovascular system 517

ICUs 517

levobupivacaine 517

local anesthetic/opioid

combinations 518

local anesthetics 517

monitoring 518

opioids 518

PCA 517

ropivacaine 517

femoral nerve blocks vs. 240

field/emergency situations

382 T

gastrointestinal surgery 264

ketamine 259

preventive analgesia 184

low back pain management 451 T,

453

midazolam 259

neostigmine bromide 259

opioids 209

elderly 518

extended release epidural

morphine 209

onset of analgesia 209

pruritus 257–8

urinary retention 258

see also individual drugs

patient controlled see patient-

controlled epidural analgesia

(PCEA)

sickle cell disease pain 421

thoracic surgery 263

epidural blocks, ICUs see intensive care

units (ICUs)

epilepsy, TENS contraindications

277

epinephrine (adrenaline)

continuous peripheral neural

blockade 245

labor pain 466

local anesthetics 118

neuraxial analgesia see neuraxial

analgesia

thoracic epidural analgesia 258

epiphyseal injuries 530

ergot alkaloids, migraine 366

ERKs see extracellular signal-regulated

kinases (ERKs)

erythema, musculoskeletal pain

431–2

erythrocyte sedimentation rate (ESR)

articular pain 433

low back pain 449–50

esmolol, ischemic cardiac chest

pain 365

esophageal spasm 417

ESR see erythrocyte sedimentation rate

(ESR)

ethnicity, children and pain 311–2

etidocaine 127

characteristics 125–6 T

metabolism 120

etodolac 75 T, 77

etoricoxib 75 T, 79

euphoria

nitrous oxide 97

opioid-induced 56

eutectic mixture of local anesthetics see

EMLA (eutectic mixture of local

anesthetics)

evacuation changes, field/disaster

situations 378–9, 378 T

evidence-based medicine, low back pain

management see low back pain

management

excitatory modulation, spinal cord pain

transmission 33, 34 T

excitatory postsynaptic potentials

(EPSPs), central sensitization 25

exercise therapy

elbow pain 438

knee pain 440

noninflammatory articular pain 435

shoulder pain 437

wrist pain 439

extended release epidural morphine

(EREM) 209

extracellular matrix, sports injuries 528

extracellular signal-regulated kinases

(ERKs)

central sensitization see central

sensitization

intracellular signaling 22

postnatal development 35, 35 T

extracellular signal-related peptide,

peripheral sensitization 21

extracorporeal shock wave treatment

(ESWT), shoulder pain 437

extra-segmental mechanisms, TENS 274

extrinsic sports injuries 526

Faces Pain Scale (FPS) 142

children 145

elderly pain assessment 512

facet joints, low back pain

management 451 T, 453

factor VIII replacement,

hemophilia 419

family see parents/family

FAS see Functional Activity Scale (FAS)

fascia iliaca block 238 T

children 490

fear, labor pain 466

fear avoidance

chronic pain development 296

psychological factors 293

felbinac 77

transdermal administration 207

femoral nerve blocks 238 T, 240

anterior cruciate ligament repair 240

children 490
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continuous, postsurgical pain 332

epidural analgesia vs. 240

field/emergency situations 382 T

fractured neck of femur 366

hip replacement surgery 241

knee surgery 240

femoral nerve pain, pregnancy

462

fenamates 78

see also individual drugs

fenoprofen 76

fentanyl 60

administration routes

buccal/sublingual

see below

inhalational 209

intranasal 208, 208 T

intrathecal 210

transdermal

see below

adverse effects, cognition 515

buccal/sublingual administration

208

fentanyl effervescent buccal

tablet 208

oral transmucosal fentanyl citrate

lollipops 208

bupivacaine, with 258, 471, 471 F

burn pain 403

children 484

dislocations/fractures 367

elderly 513

doses 514

pharmacodynamics 508–9

pharmacokinetics 505

emergency departments 362

dose adjustments 362

labor pain 469

lipid solubility 60

lumbar epidural analgesia 471,

471 F

metabolism 60

morphine equivalents 547 T

mu opioid receptor 60

PCA 60

children 484

dose 219

field/disaster situations 381–2

pharmacokinetics 59 T

potency 60

transdermal administration 60,

207

iontophoretic delivery 207,

219

patient-controlled transdermal

system 207, 223

transdermal reservoir 207

fentanyl effervescent buccal tablet

(FEB) 208

fetal position, labor pain 467

fibroblast(s), sports injuries 528

field/disaster situations 374–88, 383

acute pain service teams 384–5

challenges 376–7

Military Advanced Regional

Anesthesia and Analgesia 377

service differences 377

supplies 377

combat support hospitals 376–7,

376 F

continuous peripheral neural

blockade (CPNB) 377, 380–1,

383

advantages 380–1

definition 375–6

deployable rapid assembly shelter and

surgical hospital 376–7

developed world vs. 375

developing world 390

geography/terrain difficulties 376

historical aspects 374–5

morphine 375

opium 375

slow developments 375

maladaptive pain 383–4

multimodal analgesia 379–80

advantages 379

anticonvulsants 380

clonidine 379–80

continuous peripheral nerve

block 377

dexmedetomidine 379–80

NMDA antagonists 379

NSAIDs 379

paracetamol 379

PCA 377

wound packs 379

novel pain control methods 381–3

continuous peripheral neural

blockade (CPNB)

see above

fentanyl 381–2

intranasal ketamine 383

long-release formulations 383

monitoring equipment 383

oral transmucosal fentanyl 382

patient-controlled delivery

systems 381–2

PCA 381–2, 383

patient condition for

evacuation 383–4

peripheral nerve blocks 380–1

continuous

see above

personnel 377–8

importance of 377

safety provision 377

protocols/guidelines 378–9

evacuation changes 378–9,

378 T

regional anesthesia 380–1

equipment 381, 381 F

see also individual types

resources 377–83

transport 376–7

weather extremes 376

Fitzgerald hypothesis 71–2

fixation, sports injuries 529

FLACC (Face, Legs, Arms, Cry,

Consolability) 145, 146 F, 480,

481 T

children 145

in dementia 145–6

flufenamic acid, sports injuries

533–4

flurbiprofen 76

flushing, opioid-induced 57

fMRI see functional magnetic resonance

imaging (fMRI)

foot pain 441

forearm fracture(s) 367–8

emergency departments see emergency

department(s)

hematoma block 367–8

intravenous regional anesthesia 368

nitrous oxide 368

wrist 368

formulations, rectal administration

204

FPS see Faces Pain Scale (FPS)

fracture(s)

avulsion fractures 529

carpal fractures 528

emergency departments see emergency

department(s)

fixation 529

immobilization 532

limb bones 528

lumbar spine diseases/disorders

446

metacarpal fractures 528

metatarsal fractures 528

neck of femur 366

spiral fractures 528

stress fractures 529–30

tarsal fractures 528

transverse fractures 528

see also individual fractures

frozen shoulder see shoulder pain

full blood count, low back pain

449–50
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full control studies, preemptive

analgesia 158–9, 159 F

full thickness burns 400

full thickness skin wounding, postnatal

nociception development 44

Functional Activity Scale (FAS) 138,

148

advantages 148

disadvantages 148

functional impacts, pain history 138

functional magnetic resonance imaging

(fMRI)

cognitive impairment 511–2

gate control theory 292

guided imagery 316

hypnosis 315

nociception 13–4, 13 F

GABA

nociception 15

TENS 275

GABAA receptor, postnatal

development 34 T, 35–6

gabapentin

adverse effects 103

applications 164

burn pain 400–1, 403–4

chronic postsurgical pain

prevention 565

Guillain–Barré syndrome 411–2

HIV-related peripheral

neuropathy 413

opioid-tolerant patient

management 549

porphyria 422

postsurgical pain management

335

definition 164

elderly 516

field/disaster situations 380

mechanism of action 164

perioperative use 104

pharmacokinetics 103 T

preventive analgesia 164–8

doses 168

studies 159 F

galanin, nociception 15, 17

gastrointestinal surgery

continuous epidural analgesia 264

epidural analgesia 264

neuraxial analgesia 263–4

gastrointestinal system

COX-2 selective agent adverse

effects 71

ibuprofen adverse effects 76–7

NSAID adverse effects 70–1,

515

gate control theory 292

functional magnetic resonance

imaging 292

nociception 15 F, 17

gating function, nociception 13–4

gender

acute postsurgical pain 157

chronic postsurgical pain 157

low back pain 447

gene expression, peripheral

sensitization 21

gene polymorphisms, mu opioid

receptors 54

general anesthesia, burn pain

treatment 404

genetic factors, chronic postsurgical

pain see chronic postsurgical pain

(CPSP)

geography/terrain difficulties, field/

disaster situations 376

Geriatric Research Education Clinical

Center (GRECC) 145–6

glial cell(s), nociception 27

glucocorticoid(s), postsurgical pain

management 334

glutamate, nociception 9–10

glutamate receptor(s), postnatal

development 33

glycine, nociception 15

glycine receptor, postnatal

development 34 T, 35–6

golfer’s elbow see elbow pain

gout 434

governmental restrictions, opioid

availability 392

G-protein coupled receptors (GPCRs)

dorsal horn plasticity 25–6

intracellular signaling 22

somatic nociceptors 6

granulation tissue, sports injuries 528

Graphic Rating Scale (GRS) see verbal

descriptor scale (VDS)

guided imagery, children 316–7, 316

evidence 316–7

fMRI 316

PET 316

relaxation techniques 316

success 316

Guillain–Barré syndrome 411–2

comfort measures 412

definition 411

disease-modifying therapy 412

gabapentin 411–2

headache 412

ICUs 351–2, 352

musculoskeletal pain therapy 412

pain descriptions 411

half-life, opioids 58, 59 T

haloperidol, migraine 366

headaches, Guillain–Barré

syndrome 412

healthcare providers

beliefs and meanings see psychological

factor(s)

chronic pain development beliefs

296

psychological therapy see

psychological therapy, adult

healthcare spending, developing

world 391 T

heat pain sensitivity, ex-neonatal ICU

patients 43

heat therapy

sickle cell disease pain 421

see also cryotherapy

hemarthrosis, articular pain 436

hematological disorders 419–22

hematology, nitrous oxide 98

hematoma block, forearm

fractures 367–8

heme arginate, porphyria

management 421

hemophilia 419

continuous peripheral neural

blockade 242

factor VIII replacement 419

NSAIDs 419

hemophilia A 419

hemophilia B 419

hemostasis

epidural blocks 349–50

NSAID-induced 72

heparin, epidural analgesia

contraindication 518

hepatic system

drug clearance

elderly 508

opioid effects 508

NSAID-induced 71

hepatotoxicity, paracetamol 332–3, 482

hernia repair (herniorrhaphy)

children 489, 490

chronic postsurgical pain 559 T

age effects 560–1

laparoscopic vs. open 562

preoperative pain effects 562

reasons for surgery 562–3

inguinal nerve block 490

local anesthetics 489

heterotopic bone formation,

NSAIDs 70

Hicks Faces Pain Scale 142–3, 143 F

high-frequency stimuli, dorsal horn

plasticity 25
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high-intensity stimulation, TENS

273–4

high-molecular weight dextrans, local

anesthetics 119

high-threshold receptor stimulation,

acupuncture 280–1

hip pain 439

hip replacement surgery

femoral nerve blocks 241

three-in-one blocks 240

histamine H2 receptor antagonists

(H2RAs), NSAID gastrointestinal

adverse effect therapy 71

HIV infection, pain see HIV-related

pain

HIV-related pain 412–3

etiology 412

multiple sites 412

presentation 412

treatment 413

under-treatment 413

honey, burn wound dressings 405

hospitals, fear of, developing world

393

5-HT receptors see serotonin receptors

humeral epicondylitis see elbow pain

hyaluronidase, local anesthetics 119

hydrocodone, children 485

hydrogels

morphine rectal administration 204

rectal administration 204

hydromorphone 60

administration routes 60

intranasal administration 208 T

adverse effects 485

children 484–5

administration 484

adverse effects 485

pharmacokinetics 484

elderly 513

morphine equivalents 547 T

pharmacokinetics 59 T

hydronephrosis, unilateral 44

hydrophilicity

local anesthetics 117

opioids 257

hydrophobicity, local anesthetics 115,

117

5-hydroxytryptamine receptors see

serotonin receptors

hyoscine-N-butyl-bromide

(scopolamine), renal colic

therapy 364, 415

hyperalgesia

C fibers 39

chronic postsurgical pain 560

definition 20–1, 21 F

descending modulation 27

opioid withdrawal 53

postnatal nociception development see

nociception, postnatal

development

primary 21

secondary 21

hyperbaric oxygen therapy, sports

injury management 537

hyperkalemia, NSAID-induced 71

hypnosis 299

burn pain 404

children 315–6, 315

fMRI 315

individual variation 315–6

neodissociative model 315

postsurgical pain 315–6

procedural pain 493

self-hypnosis 315

social–cognitive model 315

suitability 315

hypocarbia, labor pain 465

hyponatremia, NSAID-induced 71

hypotension

clonidine 487

epidural blocks 350

hypothalamic–pituitary–adrenal (HPA)

axis, postnatal development 38,

39

IASP see International Association for

the Study of Pain (IASP)

IBCS (Infamy Body Coding

System) 479 T

ibuprofen 76, 76–7

administration routes

intravenous 205–6

oral

see below

rectal

see below

transdermal 206–7

clinical use 75

noninflammatory articular

pain 435

pharyngitis 418

sports injuries 533–4

gastrointestinal system adverse

effects 76–7

numbers needed to treat 89 T

oral administration 202

surgery 202–3

pediatric doses 483 T

preparations 76–7

properties 75 T

rectal administration 204

liquid gels 204

structure 76

WHO essential drug list 395 T

ice

massage 536

packs 536

sports injury management 532

see also cryotherapy

ICUs see intensive care units (ICUs)

imaging

nonarticular pain 433

postponement of in low back

pain 450

sports injuries 531

see also individual imaging methods

immobilization

ligament injuries 530

sports injury management see sports

injuries, management

immune system

nociception see nociception

NSAIDs 70, 73

implementation barriers, low back pain

management 454

inappropriate surgery, chronic

postsurgical pain 559

incorrect checking, PCA 225–6

indirect sports injuries 526

indometacin 77, 78

CNS adverse effects 72

intravenous administration

205–6

properties 75 T

sports injuries 533–4

infant(s)

pain assessment 480, 481 T

procedural pain 493–4

see also children

infections(s)

continuous peripheral neural

blockade 243, 247

lumbar spine diseases/disorders

446

neuraxial analgesia see neuraxial

analgesia

pharyngitis 418

postnatal development effects 43

see also individual infections

inflammation

characteristics 21

COX-2 174

joint pain

chronic exacerbations 434–5

management 433–5

lumbar spine diseases/disorders

446

musculoskeletal pain 431

nociception 27
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inflammation (continued)

NSAIDs 533

pain models, acupuncture

281

peripheral sensitization 21, 23 F

phospholipase A2 174

postnatal nociception development

39

remodeling/maturation phase

533–4

septic arthritis 434–5

signaling systems 174

sports injuries 527, 527 F

inflammatory bowel disease

(IBD) 416–7

multimodal analgesia 417

inflammatory hyperalgesia 20–31

inflammatory mediators, peripheral

sensitization 21

information provision see psychological

therapy, adult

infraclavicular block 238 T

field/emergency situations

382 T

infraorbital nerve block, children 490

infusion rates, continuous peripheral

neural blockade 245

inguinal nerve block, children

489–90

herniorrhaphy 490

orchidopexy 490

inhalational analgesics 209

labor pain treatment 469–70

opioid analgesics 209

see also individual drugs

inhalational anesthesia, burn pain

treatment 402, 404

inhibitory interneurons, nociception

15

inhibitory modulation, spinal cord pain

transmission 35–6

inhibitory pathway depression,

local anesthetic toxicity 122–3,

123 T

injection(s)

corticosteroids 534

low back pain management see low

back pain management

see also intramuscular drug

administration; intravenous drug

administration

injury/trauma

acupuncture 285

children and pain 309

developing world 389–90

response to, postnatal nociception

development 39–45, 40–2 T

insertion techniques, neuraxial

analgesia 266

intensive care units (ICUs) 343–59

aims 344

analgesics 347–8

alpha-2 adrenoreceptor

agonists 102, 348

broadening categories 347

epidural analgesia

see below

intercostal blocks 350

interpleural blocks 350

intrathecal blocks 349–50

ketamine see ketamine

non-opioids 347–8

NSAIDs 347–8

opioids 347

paracetamol 347

regional blocks 349–50

see also individual blocks

thoracic paravertebral block 350

cardiac surgery 351

costs 344

drug-withdrawal symptoms 348

elderly 517

emergency resuscitation 351

epidural analgesia 349–50, 517

hemostasis 349–50

hypotension 350

sepsis 350

Guillain–Barré syndrome 351–2,

352

historical aspects 343

ICU pain scores 345, 346 T

neuropathic pain 351–2

pain assessment 344–5

behavioral indicators 345,

346 T

Behavioral Pain Assessment

Scale 346 T

Richmond Agitation-Sedation

Assessment Scale 346 T

pain monitors 345

pain sources 344

physiology 348

see also organ failure

renal replacement therapy 349

sedation 345–7

analgesia vs. 347

daily interruption of 346

deep 346–7

ventilators 346

thoracic surgery 351

see also end-of-life care

intercostal block(s) 238 T, 242

children 491–2

ICUs 350

intermittent hemodialysis and filtration

(IHD) 349

International Association for the Study

of Pain (IASP)

developing world 391

low back pain taxonomy 450

pain definition 135–6

interpleural block(s) 241–2

definition 241

ICUs 350

paravertebral block vs. 242

thoracotomy 241–2

interscalene brachial plexus

block 238 T, 239

continuous, postsurgical pain 332

contraindications 243

field/emergency situations 382 T

intravenous opioids vs. 239

neurological complications 246

posterior approach 239

shoulder surgery 239

stimulating catheters 244

interval therapy, gout 434

intra-articular analgesia 210

bupivacaine 331

clonidine 331

elbow pain 438

ketorolac 331

morphine 210, 331

neostigmine bromide 331

nonopioid analgesics 210

NSAIDs 210, 331

opioids 210

postsurgical pain management

331

intracellular cascades, spinal cord pain

transmission 35

intradermal saline injections, labor pain

treatment 469

intramuscular drug

administration 204–5

children 485

codeine 485

developing world 395

dextromethorphan 184

elderly 505–7

ketorolac trometamol 205

morphine 205

nonopioid analgesics 205

opioids 205, 208, 208 T,

505–7

parecoxib 205

preventive analgesia 184

intranasal drug administration 207,

208

alfentanil 208 T

buprenorphine 208, 208 T
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butorphanol 208 T

children 485

diamorphine 208, 485

fentanyl 208, 208 T

field/disaster situations 383

hydromorphone 208 T

ketamine 383

opioids 208, 208 T, 362

oxycodone 208 T

PCA 223

pethidine 208

sufentanil 208 T

intraoperative phase, preventive

analgesia 156

intraoperative systemic heparinization,

spinal hematoma 261

intraperitoneal instillation 331

intrathecal drug administration

209–10

cardiac surgery 263

children 485

diamorphine 485

elderly 507, 518–9

fentanyl 210

ketamine 259

local anesthetics 257

morphine 210

neostigmine bromide 259

nonopioid analgesics 210

opioids 210, 257–8, 258, 518–9,

519

intrathecal nerve block(s), ICUs

349–50

intravenous drug administration

205–6

aspirin 205–6

children 481–2, 482 T, 485

developing world 395

dexketoprofen 205–6

diclofenac 205–6

dipyrone 205–6

ibuprofen 205–6

indomethacin 205–6

ketamine 184

ketorolac trometamol 205–6

nonopioid analgesics 205–6

NSAIDs 205–6, 335

opioids 206, 239, 420

oxycodone 485

paracetamol 89–92, 481–2, 482 T

postsurgical pain management

335

intravenous regional anesthesia (Bier’s

block) 128

forearm fractures 368

intrawound drug administration

routes 210

intrinsic sports injuries 526

ion channels, somatic nociceptors

4–6

ionotropic (P2X) nociceptors 6

iontophoresis

corticosteroids 534

fentanyl transdermal

administration 207

lidocaine 128

irritable bowel syndrome (IBS)

416–7

peppermint oil 416

prevalence 416

prevention 416

smooth muscle relaxants 416

surgery 564

ischemic cardiac chest pain see

emergency department(s)

joint pain see articular pain

joint surgery, postsurgical pain

management 331

juvenile rheumatoid arthritis,

NSAIDs 483

kainate receptor(s)

central sensitization 25

postnatal development 33

kallidin, peripheral sensitization

23

kappa (k) opioid receptors see opioid

receptor(s)

K+ channel blocker(s), local

anesthetics 119

ketamine

abuse potential 99

administration routes

children 486

epidural analgesia 184, 259

intrathecal analgesia 259

intravenous 184

neuraxial analgesia 259

PCA

see below

adverse effects

CNS 99

nausea and vomiting 99

neurodegeneration 486

neurotoxicity 486

psychomimetic effects 548

children 486

chronic postsurgical pain

prevention 565

clinical use 100 T

abdominal pain 414

burn pain 403, 404

dislocations/fractures 367

neuropathic pain 351–2

opioid-tolerant patient

management

see below

pancreatitis 416

perioperative pain management

see below

postsurgical pain

management 334–5

sickle cell disease pain 420

developing world 395

emergency departments 363, 367

ICUs 348

neuropathic pain 351–2

as NMDA receptor antagonist 259

opioid-tolerant patient

management 548

preventative analgesia 548

PCA 224

morphine co-administration 224

perioperative pain

management 100

perioperative pain management

100

pharmacokinetics 99 T

preventive analgesia 175, 180–3 T,

184

administration 184

epidural 184

intravenous 184

surgical procedures 175–84,

184

properties 98

as racemic mixture 486

WHO essential drug list 395 T

ketoprofen 76, 77

administration routes

rectal 204

transdermal 206–7

noninflammatory articular pain

435

ketorolac

children 482–3

doses 483 T

clinical use

biliary colic 364

burn pain 403

dislocations/fractures 367

intra-articular analgesia 331

migraine 365, 366 T

postsurgical pain management

331

renal colic 364

emergency departments 364, 365,

366 T, 367

morphine co-administration,

PCA 224
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ketorolac trometamol 77

administration routes

intramuscular 205

intravenous 205–6

transdermal 206–7

adverse effects, tissue healing 72

postsurgical myocardial infarction

reduction 70, 71–2

properties 75 T

kidney(s)

age-related changes 506 T

dialysis see renal replacement therapy

local anesthetic elimination 120

organ failure see organ failure

see under renal

Kienbock’s disease see wrist pain

knee pain 439–41

clinical features 440

entities 439

investigations 440

Ottawa Knee Rule 440

management intra

knee surgery, femoral nerve blocks

240

knockout mice, mu opioid receptors

54

knowledge lack

healthcare provider beliefs and

meanings 295

patient beliefs 295

labor 463–4

stages of 463 T

labor pain 463

anatomic source 460–1

clinical presentation 463–5

description 463, 463 F

magnitude 463

management see labor pain

management

maternal factors 466–7

obstetric factors 467

dysfunctional labor 467, 467 F

fetal position 467

pain pathways 465

nociceptive pain 465, 465 F

physiological response 465–6

psychological/social factors 466

somatic pain 464

variability 460, 461 F, 464–5

visceral pain 464

labor pain management 467–72

acupuncture 283 T, 284

neuraxial regional anesthesia 470–2

adverse effects 471 T

combined spinal epidural

technique 472, 472 T

contraindications 470, 470 T

lumbar epidural analgesia 470

minimum local analgesic

concentration 471

patient-controlled epidural

anesthesia 471

spinal analgesia 470

non-pharmacological 468–9

acupuncture 468

ambulation 469

continuous labor support 468

intradermal saline injections

469

Lamaze 468

mental training 468

postioning 469

psychoprophylaxis 468

TENS 277–80, 278–9 T

water baths 469

pharmacology 469–72

breaththrough pain 469

inhalational analgesics 469–70

nitrous oxide 98

nonneuraxial regional

anesthesia 470

systemic analgesics 469

spinal epidural/neuraxial regional

anesthesia 472, 472 T

lactation, paracetamol 86

Lamaze, labor pain treatment 468

lamotrigine, HIV-related peripheral

neuropathy 413

landmarks, psoas compartment

blocks 239

Laos, healthcare spending 391 T

laparoscopic cholecystectomy,

intraperitoneal local

anesthetics 331

lateral epicondylitis see elbow pain

lateral thalamus, nociception

12–3

leg surgery, combined spinal–epidural

analgesia 260

levobupivacaine 127

caudal epidural block 491

children 491, 492

continuous peripheral neural

blockade 245

elderly 517

epidural analgesia 517

children 492

elderly 517

labor 471–2, 472 F

lumbar epidural analgesia 471–2,

472 F

neuraxial analgesia 256

ropivacaine vs. 127

lidocaine 107, 124

administration routes

continuous peripheral neural

blockade 244–5

iontophoresis 128

microaerosols 128

neuraxial analgesia 257

parenteral 107

PCA 224

subcutaneous 107

topical anesthesia 128

adverse effects 107

neurotoxicity 121–2

transient radicular irritation

122

anti-inflammatory effects 107

characteristics 119 T, 125–6 T

clinical use 107

burn pain 107, 400–1, 404

dyspepsia 417

meta-analysis 107

migraine 366

penile block 490

shoulder dislocation 368

wounds 367

elderly, pharmacokinetics 505

historical aspects 107, 113–4

metabolism 120, 121 F

morphine co-administration

224

pharmacokinetics, elderly 505

WHO essential drug list 395 T

LIDS (Liverpool Infant Distress

Scale) 479 T

ligaments see sports injuries

ligand-gated ion channels

dorsal horn plasticity 25–6

intracellular signaling 22

lipid-soluble drugs, transdermal

administration 206

lipophilic opioids, neuraxial

analgesia 257

liposomes, local anesthetics 129

liquid gels, ibuprofen 204

listening skills, healthcare provider

education 297

lithium, NSAID interactions 74 T

liver

age-related changes 506 T

local anesthetic 121

see also hepatic system

liver failure 349

paracetamol 92, 349

liver-metabolized drugs, paracetamol

interactions 87

Liverpool Infant Distress Scale

(LIDS) 479 T
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loading dose, PCA see patient-

controlled analgesia (PCA)

local anesthetic(s) 113–34

absorption 119–20

partition coefficient 120

pKa 120

vascularity 120

additives 118–9

alkalinization 119

antioxidants 118

carbonated salt preparations

118–9

epinephrine 118

high molecular weight dextrans

119

hyaluronidase 119

K+ channel blockers 119

stabilizers 118

vasoconstrictors 118

administration routes

children 487

continuous peripheral neural

blocks see continuous

peripheral neural blockade

(CPNB); local anesthetics

epidural analgesia

see below

intrathecal analgesia 257

intravenous regional see

intravenous regional

anesthesia (Bier’s block)

neuraxial analgesia

see below

spinal analgesia 257

adverse effects

allergy 123

differential diagnosis 124

toxicity

see below

age-related effects 120–1

children 120–1

elderly 121, 515

liver 121

newborns 120–1

characteristics 113

children 487, 489–92

administration 487

adverse effects 487

dental surgery 489

herniorrhaphy 489

nerve blocks 489–91,

491–2

see also individual nerve blocks

pharmacokinetics 487

squint (strabismus) surgery 489

tonsillectomy 489

wound infiltration 489

clinical use 127–8

burn pain treatment 400–1, 404

chronic postsurgical pain

prevention 564

ophthalmic anesthesia 128

postsurgical pain management 330,

330 T

during pregnancy 462

wounds 366–7

complications 121–4

local 121–2, 122 T

see also individual complications

contraindications 127–8, 128 T

definition 113

developing world see developing

world

differential sensitivity 116–7, 116 T

distribution 119–20

dose 119

drug interactions 123–4

elimination 120

EMLA see EMLA (eutectic mixture of

local anesthetics)

epidural analgesia

children 492

elderly 517

frequency-dependent actions

116

open ion channel binding 116

small fibers 116–7

future work 129

history 113–4, 114 T

maximum safe dose 119

mechanism of action 114–9

K+ conductance 114

Na+ influx 114

site of action

see below

voltage-dependent actions 116

metabolism 120

neuraxial analgesia 256

adverse effects 257

mechanisms of action 256

motor nerve block 256

opioids, with 258

sensory nerve block 256

pattern of offset 117

pattern of onset 117

pharmacokinetics 119–21, 119 F

pH effects 117–8, 118 F, 119 T

pKa dependence 117, 118 F

preventive analgesia 168, 169–71 T

surgery 168

site of action 114–6

equilibrium 115

hydrophobicity 115

neutral types 115

steric interactions 115

voltage-gated Na+ channels 114–5,

115

structure 117, 117 F

enantiomers 117, 117 F

systemic effects 124

cardiovascular effects 257

transient neurologic symptoms

257

toxicity 122–3

cardiovascular system 122

CNS 122, 257

continuous peripheral neural

blockade 245, 247

inhibitory pathway

depression 122–3, 123 T

treatment 123, 123 T

types 128

amino amides 124–7

amino-esters 124

WHO essential drug list 395 T

see also individual compounds

local cell death, burns 400

local cooling, burn pain treatment

402

local immersion, cryotherapy

536

local infections, continuous peripheral

neural blockade 243

lockout interval

local anesthetics 245

PCA see patient-controlled analgesia

(PCA)

locus coeruleus, nociception 12

long-release formulations, field/disaster

situations 383

long-term depression (LTD),

TENS 273–4

long-term neuraxial blockade, opioid-

tolerant patient

management 549–50

long-term potentiation (LTP)

definition 24

dorsal horn plasticity see dorsal horn

plasticity

long-term sports injuries 527

lorazepam, burn pain 403

low back pain (LBP) 444–59

clinical evaluation 444–8, 448–50,

449 T

distress contributors 449

lower limb pain 448–9

mechanical problems 448, 449 T

pelvic girdle pain 448–9

physical examination 448

‘‘red flag’’ conditions 445

spondylosis 448
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low back pain (LBP) (continued)

diagnostic labeling 450

epidemiology 445–6

developed countries 445

incidence 445

low job satisfaction 445

prevalence 445

psychosocial factors 445

smoking 446

within workforce 445

investigations 449–50

labor pain variability 464–5

lumbar spine diseases/disorders 446

lumbar spine neuroanatomy 446

nociceptive afferents 446

somatic referred pain 446, 449

management see low back pain

management

mechanisms 444–5

cauda equina syndrome 448–9

lumbar spine diseases/disorders

see above

psychosocial factors

see below

prevalence 292

prognosis 447–8

psychosocial factors 445, 446–7

New Zealand Guide to Assessing

Psychosocial Yellow Flags in

Acute Low Back Pain 446–7

‘‘yellow flags’’ 446–7

self-limitation 445

low back pain management 450–3, 453–4

active physical therapy 450–2, 451 T

activation 450

back exercises 451–2, 451 T

back schools 451 T, 452

acupuncture 282–4, 283 T

analgesics 451 T, 452–3

NSAIDs 70, 451 T, 452, 453

opioids 452–3

paracetamol 452

bed rest 451, 451 T

cognitive modalities 453

CBT 451 T, 453

multidisciplinary programs 451 T,

453

printed information 451 T, 453

evidence-based medicine 451 T, 453–4

guidelines 453–4

injections 451 T, 453

epidural 451 T, 453

facet joints 451 T, 453

soft tissues 451 T, 453

mechanical back pain 454

New Zealand Acute Low Back Pain

Guidelines 454, 455 F

muscle relaxants 451 T, 453

passive physical therapy 451 T, 452

acupuncture 451 T, 452

lumbar supports 451 T, 452

massage 451 T, 452

spinal manipulation 451 T, 452

TENS 451 T, 452

traction 451 T, 452

surgery 564

lower limb(s), continuous peripheral

neural blockade see continuous

peripheral neural blockade (CPNB)

lower limb pain, low back pain 448–9

low-frequency stimuli, dorsal horn

plasticity 25

low intensity stimulation, TENS

272–3

low job satisfaction, low back pain 445

low-molecular weight heparin

(LMWH)

epidural analgesia

contraindication 518

spinal hematoma 261

low-threshold neurons, spinal cord 9

lumbar epidural block

bupivacaine see bupivacaine

children 491–2

insertion 491–2

labor pain treatment 470

lumbar plexus block 238 T

continuous, postsurgical pain 332

elderly 519

field/emergency situations 382 T

see also psoas compartment blocks

lumbar spine diseases/disorders see low

back pain (LBP)

lumbar supports, low back pain

management 451 T, 452

lumbosacral back pain see pregnancy

lumiracoxib 79

serum transaminase levels 71

lungs, local anesthetics 120

Lyell syndrome, NSAID-induced 73

lysine salts, oral NSAIDs 202

magnesium

emergency departments 366

field/disaster situations 380

migraine 366

morphine co-administration 224

magnetic resonance imaging (MRI)

articular pain 433

functional see functional magnetic

resonance imaging (fMRI)

knee pain 440

osteonecrosis 436

shoulder pain 437

maladaptive pain, field/disaster

situations 383–4

Malawi, healthcare spending 391 T

Manchester Triage Scale 140

massage, low back pain

management 451 T, 452

mastectomy 559 T

preoperative pain effects 561–2

MASTER trial, neuraxial analgesia

265

maternal factors

labor pain see labor pain

postnatal development effects 43

maternal separation, postnatal

development effects 43

maturation phase see sports injuries

maximum safe dose (MSD)

definition 119

local anesthetics 119

McGill Pain Questionnaire 144

advantages 144

burn pain assessment 401

disadvantages 144

short form 144

measurement of pain see assessment/

measurement (of pain)

mechanical back pain, management see

low back pain management

mechanical joint pain, musculoskeletal

pain 431

mechanical pain, articular pain 436

mechanical stimuli

ex-neonatal ICU patients 43

somatic vs. visceral nociception 6–7

mechanoreceptors, somatic

nociceptors 4–6

medial epicondylitis see elbow pain

medial tennis elbow see elbow pain

medial thalamus, nociception 12–3

median nerve block, forearm

fractures 368

medical factors, chronic postsurgical

pain see chronic postsurgical pain

(CPSP)

medication issues, field/disaster

situations 378

mefenamic acid 75 T, 78

meloxicam 75 T, 78

memantine, elderly 516

memory, children 311, 313

mental training

children 313

labor pain treatment 468

meperidine see pethidine

mepivacaine 127

characteristics 125–6 T

children 489
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dental surgery 489

metabolism 120

transient radicular irritation 122

meralgia paresthetica, pregnancy 462

meta-analysis

assessment/measurement (of pain) see

assessment/measurement (of

pain)

PCA analgesic efficacy 222

metabolic disorders 419–22

metabotropic glutamate receptors

(mGluR) 34 T

metacarpal fractures 528

metamizole 76

biliary colic 415

renal colic 415

metatarsal fractures 528

methadone 61

cancer pain 61

liver failure 349

mechanism of action 550

morphine equivalents 547 T

opioid-tolerant patient

management 550

oral bioavailability 58

pharmacokinetics 59 T, 550

redistribution 61

substance abuse disorder

management 550

volume of distribution 58

methemoglobin, EMLA 488

methionine therapy, paracetamol

overdose 92

methotrexate, NSAID interactions

74 T

methoxyflurane, burn pain 404

methylprednisolone, transdermal

535

metoclopramide, migraine 365,

366 T

metoprolol, ischemic cardiac chest

pain 365

microaerosols 128

microcatheters, continuous spinal

analgesia 261

microfatigue, overuse injuries 527

microglia, nociception 11

midazolam

epidural analgesia 259

neuraxial analgesia 259

migraine

abdominal see abdominal migraine

anticonvulsants 104–5

emergency departments see emergency

department(s)

prevalence 104

valproic acid 104–5

mild normochromicnormocytic

anemia, articular pain 432

Military Advanced Regional Anesthesia

and Analgesia (MARAA) 377

minimal intervention strategies,

CBT 300

minimum effective analgesic

concentration (MEAC)

elderly physiological simulations 509

opioids 206

PCA 220

minimum local analgesic concentration

(MLAC)

labor pain treatment 471

ropivacaine 127

misoprostol, NSAID gastrointestinal

adverse effect therapy 71

mitogen-activated protein kinase

(MAPK), central sensitization 26–7

Mittelschmerz 417

mixed pain syndromes, chronic

postsurgical pain 560

modeling, CBT in children 317

monitoring

continuous peripheral neural

blockade 237

definition 310–1

field/disaster situations 383

PCA see patient-controlled analgesia

(PCA)

mood

postsurgical pain 293–4

state and trait anxiety 293

morbidity, neuraxial analgesia see

neuraxial analgesia

morphine 59

administration routes 59

inhalational 209

intra-articular

see below

intramuscular 205

intrathecal 210

neuraxial 484

oral

see below

parenteral

see below

PCA

see below

rectal

see below

adverse effects

nausea and vomiting 484

respiratory depression 484, 514

sedation 484

buccal/sublingual administration 208

sodium glycolate 208

children 484

parenteral administration 484

clinical use

abdominal pain 414

burn pain 400–3

cardiac pain 418

dislocations/fractures 367

fractured neck of femur 366

ischemic cardiac chest pain 365

postsurgical pain management 335

renal colic 363–4

sickle cell disease pain 420

clonidine co-administration, PCA 224

consumption per capita 392 F

developing world 391–2, 392 F

doses, elderly 514

elderly 513

doses 514

parenteral administration 505

emergency departments 362

dislocations/fractures 367

dose adjustments 362

fractured neck of femur 366

ischemic cardiac chest pain 365

renal colic 363–4

field/disaster situations 375

half-life, individual variability 58

intra-articular administration 210

postsurgical pain management

331

ketamine co-administration 100,

224

ketorolac co-administration 224

lidocaine co-administration 224

magnesium co-administration 224

metabolism 59

morphine equivalents 547 T

mu opioid receptor 59

naloxone co-administration 224

oral administration 203

children 484

potency ratio 203, 203 T

parenteral administration 505

children 484

elderly 505

PCA

children 484

ketamine co-administration 224

ketorolac co-administration 224

lidocaine co-administration 224

magnesium co-administration

224

naloxone co-administration 224

pharmacokinetics 59 T

rectal administration 204

hydrogels 204

WHO essential drug list 395 T
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morphine addiction, field/disaster

situations 378

morphine equivalents 547 T

morphine glucuronides, kidney

failure 348–9

mortality

neuraxial analgesia see neuraxial

analgesia

PCA 225

motor blockade, thoracic epidural

analgesia 260

motor nerve block

local anesthetics 256

neuraxial analgesia 256

movement, musculoskeletal pain 431–2

mucositis 418–9

multidisciplinary programs, low back

pain management 451 T, 453

multidisciplinary teams, continuous

peripheral neural blockade 237

multimodal analgesia

CBT 300

children 480–1

field/disaster situations see field/

disaster situations

inflammatory bowel disorders 417

NSAIDs 70

preventive analgesia see preventive

analgesia

multiple sclerosis 411

mu (m) opioid receptors see opioid

receptor(s)

muscle

cryotherapy 536

sports injuries see sports injuries

muscle mass changes, elderly 506 T, 508

muscle relaxants

local anesthetics 124

low back pain management 451 T,

453

muscular rigidity, opioid-induced 57

musculoskeletal pain 430–43

acupuncture 281

central post-stroke pain 411

clinical assessment 431

clinical diagnosis 431–2

examination 432

clinical presentation 431–2

diagnostic tests 432–3

examination 432

Guillain–Barré syndrome 412

mechanism-based taxonomy 431,

432 T

regional approach 436–41

terminology 430–1

see also individual diseases/disorders

myotoxicity, local anesthetics 124

nabumetone 77, 78

metabolism 70

properties 75 T

Na+-K+ ATPase 114

N-acetylcysteine therapy, paracetamol

overdose 92

nalbuphine 61

burn pain 403

opioid-related pruritus 258

pharmacokinetics 59 T

pruritus 228

nalmefene, nausea and vomiting

228

naloxone

morphine co-administration 224

nausea and vomiting 228

opioid-tolerant patient

management 549

PCA 224

pruritus 228

naltrexone

mechanism of action 550

opioid-tolerant patient

management 550

pruritus 228

opioid-related 258

NAPI (Neonatal Assessment of Pain

Inventory) 479 T

naproxen 76, 77

clinical use 75

numbers needed to treat 89 T

properties 75 T

nausea and vomiting

ketamine 99

morphine 484

opioid-induced 56, 258, 514–5

PCA see patient-controlled analgesia

(PCA)

NCCPC (Noncommunicating

Children’s Pain Checklist) 480

near-infrared spectroscopy, postnatal

cortical activity 38

neck pain, TENS 278–9 T

needles

acupuncture 281

combined spinal–epidural

analgesia 260

continuous peripheral neural

blockade 243–4

neodissociative model, hypnosis

315

Neonatal Assessment of Pain Inventory

(NAPI) 479 T

Neonatal Facial Coding System

(NFCS) 145, 479 T, 480

Neonatal Infant Pain Scale

(NIPS) 479 T

neonate(s)

analgesia response see analgesia; age-

related changes

local anesthetics 120–1

pain assessment 479 T, 480

procedural pain 493

Reye’s syndrome, aspirin adverse

effects 73

neostigmine bromide

epidural analgesia 259

field/disaster situations 380

intra-articular analgesia 331

intrathecal analgesia 259

neuraxial analgesia 259

nephrotoxicity, NSAIDs 483

Nernst equation 114

nerve compression, pregnancy 462

nerve conduction, cryotherapy

536

nerve growth factor (NGF) 24

nerve injury, postnatal nociception

development see nociception,

postnatal development

nerve pain, pregnancy see pregnancy

neuraxial analgesia 255–70

cardiac surgery

anticoagulation 262

risk–benefit evaluation 262

clinical uses 256

cardiac surgery

see above

gastrointestinal surgery 263–4

labor pain see labor pain

management

orthopedic surgery

see below

thoracic surgery 263

vascular surgery 263

complications 261–2

infectious complications 262

postdural puncture headache

262

spinal hematoma 261–2

contraindications 256

cost-effectiveness 264–5

drugs used 256–9

alpha-2 adrenoreceptor

agonists 259

epinephrine 258

ketamine 259

midazolam 259

neostigmine bromide 259

efficacy 264

postsurgical pain 264

future work 266

historical aspects 255

mechanisms 256
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morbidity 265–6

MASTER trial 265

mortality 265–6

CORTRA analysis 265

MASTER trial 265

rarity 265–6

orthopedic surgery 264

outcomes 264–6

nontraditional measures 266

patient-centered outcomes

266

safety 264

timing 259–61

preemptive analgesia 259–60

see also combined spinal–epidural

(CSE) analgesia; continuous

spinal analgesia (CSA); epidural

analgesia; patient-controlled

epidural analgesia (PCEA); spinal

analgesia

neurodegeneration, ketamine 486

neurokinins, opioid-tolerant

patients 544

neurological complications

continuous peripheral neural

blockade see continuous

peripheral neural blockade

(CPNB)

nitrous oxide 98

neurological disorders 411–3

see also individual diseases/disorders

neuron(s), classification 3, 4 T,

5 F

neuropathic pain 138 T

acupuncture 281

alpha-2 adrenoreceptor agonists

102

anticonvulsants 104

burn pain 401

ICUs 351–2

musculoskeletal pain 431

NMDA receptor antagonists

100–1

neurotoxicity

ketamine 486

lidocaine 121–2

local anesthetics 121–2

neurotransmitters

opioid-tolerant patients 544

TENS 274–5

see also individual neurotransmitters

neurotrophic factors

nociception 10–1

peripheral sensitization see peripheral

sensitization

neutral cells, rostral ventromedial

medulla 27

New Zealand Acute Low Back Pain

Guidelines 454, 455 F

New Zealand Guide to Assessing

Psychosocial Yellow Flags in Acute

Low Back Pain 446–7

NFCS (Neonatal Facial Coding

System) 145, 479 T, 480

nimesulide 79

properties 75 T

NIPS (Neonatal Infant Pain

Scale) 479 T

nitric oxide (NO)

nociception effects 15

sickle cell disease pain 420

nitric oxide synthase (NOS), postnatal

development 35

nitroglycerine

cardiac pain 418

emergency departments 365

ischemic cardiac chest pain 365

preventive analgesia 185

nitrous oxide (NO2) 97–8

adverse effects 97–8

children 98, 488

administration 488

adverse effects 488

procedural pain 493–4

clinical effects 97

clinical uses 98

burn pain 98, 402, 404

cannula insertion 98

cardiac pain 418

emergency settings 98, 363

forearm fractures 368

labor pain 98, 469

sickle cell disease pain 420

contraindications 97–8

vitamin B12 deficiency 98

history 97

mechanism of action 97

pharmacokinetics 97

properties 97

NMDA receptor(s) 98–9

activation 35

anticonvulsants 103

development 486

nociception 9–10

opioid-induced hyperalgesia

544

opioid-tolerant patients 544

postnatal development 33, 34 T

NMDA receptor antagonists 98–101

adverse effects 99

clinical effects 98–9

clinical uses 99–101, 100 T

acute neuropathic pain 100–1

burn pain 400–1, 403

chronic postsurgical pain

prevention 565

field/disaster situations 379

opioid-tolerant patients 189,

548–9

perioperative analgesia 100

postsurgical pain

management 334–5

preventive analgesia 175–85,

180–3 T

procedural pain 100

elderly 516

mechanism of action 98–9,

175

pharmacokinetics 99 T

properties 98

see also individual drugs

N-methyl-D-aspartate receptors see

NMDA receptor(s)

nociceptin/orphanin FQ receptor

55–6

distribution 56

effects 56

functions 56

spinal cord 15

nociception 3–19

in brain 12–4, 13 F

dorsal horn neurotransmitters 9–11,

10 T

immune system interactions 27–8

glial cells 27

inflammation 27

modulation 3–4, 14–7

segmental (spinal) control

see below

supraspinal/descending

control 16 F, 17

perception 3–4

peripheral aspects 4–6

postnatal development

see below

referred pain 11, 12 F

segmental (spinal) control 12 F,

14–7

cannabis 15

cholecystokinin 15, 17

GABA 15

galanin 15, 17

glycine 15

inhibitory interneurons 15

nitric oxide effects 15

opioid receptors 15

proteinase-activated receptors

17

proteinases 17

purines 17

purinoceptors 17
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nociception (continued)

somatic nociceptors 4–6, 5 F

acid-sensing ion channels 4–6

chemoreceptors 4–6

G-protein-coupled receptors 6

ion channels 4–6

ionotropic 6

mechanoreceptors 4–6

nonpeptidergic 4

peptidergic 4

primary afferent receptors 4–6

serotonin receptors 6

thermoreceptors 4–6

transient receptor potential

family 6, 7 F

somatic vs. visceral 6–8, 8 T

spinal cord 8–11, 8 F

Ad fibers 8–9

dorsal horn neurotransmitters

see above

low-threshold neurons 9

nociceptive fibers 8–9, 9, 9 F

visceral nociceptors 9

wide dynamic range neurons 9

spinal cord to brain 11–2

spinobulbar pathways 5 F, 11–2

spinothalamic pathways 11

transduction 3–4

transmission 3–4

visceral nociceptors

splanchnic nerves 7–8

vagus nerves 7–8

nociception, postnatal

development 32–52, 478

analgesic response changes see

analgesia; age-related changes

higher centers 38

hyperalgesia 39

clinical studies 39

laboratory investigations 39

nerve injury 44–5

clinical studies 45

laboratory investigations 44

peripheral responses 33

processing 32–8

response to injury 39–45, 40–2 T

full thickness skin wounding 44

hyperalgesia

see above

inflammation 39

nerve injury

see below

visceral injury

see below

spinal cord pain transmission 33–6

afferent input 33

excitatory modulation 33, 34 T

inhibitory modulation 35–6

intracellular cascades 35

surgical incision 39–43

clinical studies 43

laboratory investigations 39–43

visceral injury 43–4

clinical studies 44

laboratory investigations 43–4

withdrawal reflexes 36–8

clinical studies 36–8, 36 F

laboratory studies 36

nociceptive fibers

lumbar spine neuroanatomy 446

spinal cord 8–9, 9, 9 F

nociceptive pain 138 T

acupuncture 281

burn pain 401

development 477

labor pain 465, 465 F

nociceptor(s), definition 3

nonarticular pain 433

Noncommunicating Children’s Pain

Checklist (NCCPC) 480

noncommunicative patients, pain

assessment 512

noninflammatory articular pain see

articular pain

nonopioid analgesics see analgesia/

analgesic(s)

non-oral absorption

elderly 505–7

see also individual routes

nonpeptidergic somatic nociceptors 4

nonsteroidal anti-inflammatory drugs

(NSAIDs) 68–83, 335

administration routes

intra-articular 210, 331

intravenous 205–6, 335

intrawound 210

oral administration

see below

parenteral administration 492

postsurgical pain management 333

rectal administration 204

transdermal administration

see below

adverse effects 70–3, 333, 333 T

acute renal failure 71

aplastic anemia 73

aseptic meningitis 72

asthma 71, 483

bleeding 483

blood pressure 72

cardiovascular system 71–2, 334,

516

children 483

CNS 72, 516

cognitive dysfunction 515

dyspepsia 70–1

gastrointestinal system 70–1,

515

hemostasis 72

hepatic system 71

hyperkalemia 71

hyponatremia 71

immune system 73

Lyell syndrome 73

nephrotoxicity 483

postsurgical bleeding 72

renal system 71, 515

shock 73

Stevens–Johnson syndrome 73

tissue healing 72–3

ulcers 70–1

analgesic efficacy 70

biliary colic 415

emergency departments 364

children 73, 482–3, 483 T

administration routes 483

adverse effects 483

doses 483 T

juvenile rheumatoid arthritis 483

parenteral administration 492

pharmacokinetics 483

systemic analgesia 492

choice of 73–9

cyclooxygenase selectivity 71,

75 T

half-life 71

hemostasis 73–5

preparations 75

topical 75

clinical uses 69

abdominal pain 414

biliary colic

see below

burn pain 403

elbow pain 438

emergency departments 363

fenamates 78

field/disaster situations 379

gout 434

hemophilia 419

knee pain 440

low back pain 451 T, 452, 453

nausea and vomiting 227

noninflammatory articular

pain 435

opioid-tolerant patient

management 548

pancreatitis 416

porphyria 73

postsurgical pain management

see below
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preventive analgesia intra

renal colic

see below

shoulder pain management 437

sickle cell disease pain 420

sports injury management see

sports injuries, management

contraindications 73, 74 T

breastfeeding 73

epidural analgesia 518

doses 483 T

drug interactions 73, 74 T

elderly 73, 515–6

elimination 70

ICUs 347–8

mechanism of action 69–70, 174,

482–3, 533, 533 F

cyclooxygenase inhibition 69

prostaglandin synthesis 174, 364,

379

oral administration 202, 203 T

arginine salts 202

b-cyclodextrin linkage 202

lysine salts 202

paracetamol, with 89

pharmacology 69–70

absorption 69

distribution 69–70

elimination

see above

metabolism 70

protein binding 70

postsurgical pain management

333–4

administration route 333

intra-articular analgesia 331

during pregnancy 73, 461

renal colic 415

emergency departments 363,

364

systemic analgesia 492

terminology 68–9

therapeutic benefits 70

transdermal administration 206–7

soft-tissue injuries 207

types

arylacetic acids 77–8

arylpropionic acids 76–7

COX-2 selective agents see

cyclooxygenase 2 (COX-2)

selective inhibitors

oxicams 78

pyrazoles 76

salicylates 75

WHO essential drug list 395 T

see also individual drugs

non-ulcer dyspepsia (NUD) 417

norepinephrine (noradrenaline)

labor pain 466

postnatal development effects 45–6

normal joint movement,

musculoskeletal pain 431

norpethidine

kidney failure 348–9

PCA complications 228–9

nortriptyline, adverse effects 516

numbers needed to treat (NNT) 328

meta-analysis of pain assessment 149

numerical rating scale (NRS) 140–1,

140 F

accident/emergency 140

advantages 140

clinical correlates 141

disadvantages 140–1

elderly pain assessment 512

point box scale (PS-11) 140,

140 F

variants 141

nurse-controlled analgesia (NCA)

children 484, 490

morphine 484

nursing procedure protocols, PCA 221

obesity

elderly 508

PCA 225

object focusing, children 313

obstetrics 460–76

combined spinal–epidural

analgesia 260

developing world 390

see also labor pain; pregnancy

obstructive sleep apnea syndrome, PCA

see patient-controlled analgesia

(PCA)

octreotide, migraine 366

OFF cells, rostral ventromedial

medulla 27

off-label prescriptions, children 478

‘‘off licence’’ drugs, developing

world 396

olecranon bursitis see elbow pain

oligodendrocytes, nociception 11

ON cells, rostral ventromedial

medulla 27

ondansetron

opioid-related nausea and

vomiting 258

renal colic 415

onset of effect delay, oral

administration 202

operator errors, PCA 225, 225–6

ophthalmic anesthesia, local

anesthetics 128

opiates, definitions 54

opioid(s) 53–67

addiction see opioid addiction

administration routes

buccal 208

inhalational 209

intra-articular 210

intramuscular 205, 208, 208 T

intramuscular

administration 505–7

intranasal 362

intrathecal see intrathecal drug

administration

intravenous

see below

oral 203–4

parenteral

see below

PCA see patient-controlled

analgesia (PCA)

perineural 209

rectal 204

subcutaneous 205, 208

subcutaneous

administration 505–7

transdermal 207

adverse effects 56, 329–30

baroreceptor inhibition 57

bradycardia 57

cognitive effects 515

constipation 57

dysphoria 56

elderly 514

euphoria 56

flushing 57

muscular rigidity 57

nausea and vomiting 56, 258, 514–5

peripheral vasodilation 57

pruritus 257–8, 515

renal impairment 513

respiratory depression 57, 258, 362,

514

sedation 258, 514, 515 T

urinary retention 258

urticaria 57

uteric contractions 57

classification 56, 56 T

functional 56, 56 T

clinical uses

biliary colic 364, 415

burn pain treatment 400–1,

402–3

epidural analgesia see epidural

analgesia

field/disaster situations 380

ICUs 347

low back pain management 452–3
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opioid(s) (continued)

neuraxial analgesia

see below

noninflammatory articular

pain 435

opioid-tolerant patient

management see opioid-

tolerant patients, management

pancreatitis 416

porphyria pain management 421–2

postsurgical pain management

see below

renal colic 363, 415

sickle cell disease pain see sickle cell

disease pain

controlled-release, HIV-related

pain 413

definitions 54

dependence 62

in developing world see developing

world

elderly 513–7

adverse effects 514

see above

cardiac output effects 507–8

doses 513, 514

hepatic clearance effects 508

intramuscular

administration 505–7

metabolites 513

renal impairment 513

short half-life drugs 513

slow-release preparations 513

subcutaneous

administration 505–7

suitable types 513

titration 514, 514 T

emergency departments 361–2

addiction risks 362

age-adjustments 362

dose variability 362

opioid-tolerance 362

respiratory depression 362

see above; see clinical uses/

indications; see below; see routes of

administration

hyperalgesia see opioid-induced

hyperalgesia

intravenous administration

206

interscalene brachial plexus block

vs. 239

lipid-soluble 470

neuraxial analgesia 257

adverse effects 257–8

hydrophilic opioids 257

lipophilic opioids 257

local anesthetics, with 258

mechanism of action 256

respiratory depression 257

NSAIDs, with 70

paracetamol, with 87–9

parenteral administration 362

children 492

labor pain 469

pharmacodynamics 56–8, 57 T

individual variability 58

pharmacokinetics 58

context-sensitive half-time 58

half-life 58, 59 T

individual variability 58

oral bioavailability 58, 58 T

volume of distribution 58

pharmacology 59–62

actions on other systems 62

full agonists 59–61

mixed agonist–antagonists

61–2

partial agonists 61

physical dependence 544

postsurgical pain management see

postsurgical pain management

during pregnancy 462

prescribing practice 53–4

preventive analgesia 168–74, it,

189

central sensitization effects 168

spinal postinjury

hyperexcitability 168

receptor binding 53–4

receptors see opioid receptor(s)

systemic analgesia

children 492

continuous paravertebral blockade

vs. 241

continuous peripheral neural

blockade vs. 237

tolerance see opioid-tolerant patients

WHO essential drug list 395 T

withdrawal, hyperalgesia 53

see also individual drugs

opioid addiction 62

pathophysiology 544

mesocorticolimbic dopaminergic

pathways 544

risks 362

opioid consumption, opioid-tolerant

patients 540

opioid-induced hyperalgesia 543

capsaicin model 543

pain scores 540

pathophysiology 544

NMDA receptors 544

nonopioid mechanisms 544

opioid receptor(s) 54–6

antagonists, opioid-tolerant patient

management 549

delta (d) 54
enkephalins 55

location 55

neuraxial analgesia 256

spinal cord 15

endogenous ligands 55

epsilon (e) 54
kappa (k) 54
dynorphin 55

location 55

neuraxial analgesia 256

spinal cord 15

location 55

mechanism of action 55

mu (m) 54
diamorphine binding 59

endomorphins 55

endorphins 55

fentanyl binding 60

gene polymorphisms 54,

223

knockout mice 54

location 55

morphine binding 59

neuraxial analgesia 256

opioid-tolerant patients 543–4

postnatal development 45

single nucleotide

polymorphisms 54

spinal cord 15

subtypes 54

nociception 15

nomenclature 55, 55 T

peripheral sensitization 24

sigma (s) 54
opioid release, TENS 275

opioid rotation, opioid-tolerant patient

management see opioid-tolerant

patients, management

opioid-tolerant patients 539–57, 62

acute tolerance 543

adverse effects 540

definition 540

management

see below

obstetrics 551

opioid consumption 540

pain assessment 544–5

identification 544

management development 545

nonjudgmental approaches 544–5

pain history 545

pain tolerance 543

pathophysiology 543–4
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patient concerns 541

persistent cancer pain 542

pain assessment 545

persistent noncancer pain 541–2

pain assessment 545

pathophysiological factors 541

psychiatric comorbidities 541

psychological factors 541

sociocultural factors 541

prevalence 539

reduction

dextromethorphan 184–5

NMDA receptor antagonists 189

staff knowledge/attitudes 541

differences between conditions 541

workload impact 541

see also substance abuse disorder

(SAD)

opioid-tolerant patients,

management 545–6

adjuvants 548–9

see also individual types

collaborative approach 546

goals 545–6

long-term neuraxial blockade 549–50

nonpharmaceutical techniques 549

opioid rotation 547–8

morphine equivalents 547–8, 547 T

opioids 546–8

additional 546–7

usual 546

pharmacological

levo-alpha-acetylmethadol 550

a2-adrenergic agonists 549

anticonvulsants 549

antidepressants 549

anxiolytics 549

buprenorphine 550–1

methadone 550

naltrexone 550

NMDA-receptor antagonists 548–9

NSAIDs 548

opioid receptor antagonists 549

paracetamol 548

PCA 547

regional analgesia 548

step-down analgesia 548

psychiatric/behavioral disorders 546

opium, field/disaster situations 375

oral absorption, elderly 505

paracetamol 505

oral bioavailability

methadone 58

opioids 58, 58 T

oral drug administration 202–4

advantages 210

anticoagulants, spinal hematoma 261

corticosteroids, sports injuries 534

developing world pharmacological

therapy 395

nonopioid analgesics 202–3

onset of effect delay 202

opioid analgesics 203–4

paracetamol see paracetamol

postsurgical pain management

335

rates of absorption 202

see also individual drugs

oral transmucosal fentanyl citrate

(OTFC)

children 484

field/disaster situations 382

lollipops 208

oral ulceration 418

orchidopexy, inguinal nerve block 490

organ donation, end-of-life care 351

organ failure 348–9

edema 349

kidney 348–9

see also renal replacement therapy

liver 349

plasma level surveillance 349

organizational barriers, chronic

postsurgical pain prevention

565–6

organ perfusion, ICUs 348

orofacial pain 418–9

causes 418

oropharyngeal pain, cancer

mucositis 418–9

orthopedic surgery

continuous spinal analgesia 260–1

neuraxial analgesia see neuraxial

analgesia

Osgood–Schlatter disease see knee pain

osteoarthritis 436

cartilage deterioration vs. 436

definition 436

paracetamol 87

osteonecrosis

articular pain 436

of the femoral head see hip pain

osteoporotic vertebral crush fractures,

calcitonin 107

otitis media 419

Ottawa Knee Rule 440

Oucher Scale 142–3

outpatients, continuous peripheral

neural blockade 246

overdose, paracetamol see paracetamol

oversedation, PCA 225

overuse injuries see sports injuries

oxicam(s) 78

see also individual drugs

oxidative dealkylation, local anesthetic

metabolism 120

oxycodone 60

administration routes

intranasal 208 T

intravenous 485

oral

see below

rectal 204

children 485

controlled release preparations

335–6

elderly 513

morphine equivalents 547 T

oral administration 203

children 485

controlled-release

preparations 203–4

pharmacokinetics 59 T

children 485

postsurgical pain management 335–6

substance abuse disorder 542

oxygen

respiratory depression, opioid

therapy 514

sickle cell disease pain 420

oxygen consumption, labor pain 465–6

oxygen saturation levels, PCA 221

oxyphenbutazone 76

PAINAD see Pain Assessment in

Advanced Dementia (PAINAD)

pain assessment see assessment/

measurement (of pain)

Pain Assessment in Advanced Dementia

(PAINAD) 145–6

elderly pain assessment 512

pain descriptions, Guillain–Barré

syndrome 411

pain drawings 143–4

advantages 143

disadvantages 143

ICUs 143

painful maneuvers, burn pain

treatment 402

pain history 136–8

analgesic use 138

associated symptoms 137

communication with patients 137

context 137

emotional effects 137, 138

examples 137–8

functional impacts 138

intensity 137, 138

rest vs. movement-related 138

key elements 137

modifying factors 137
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pain history (continued)

nature of 137

nociceptive vs. neuropathic 138, 138 T

pain descriptions 137

patient reviews 137

phantom sensations 138

radiation of 137

sites 137

pain intensity coding, nociception 13–4

pain intensity difference (PID)

scores 148–9

pain intensity scales, pain

assessment 136 T, 139–47

pain monitors, ICUs see intensive care

units (ICUs)

pain reduction and intensity difference

(PRID) 148–9

pain-related behavior, ex-neonatal ICU

patients 43

pain scores, ICUs 345, 346 T

pain syndromes, pregnancy 462

pain tolerance, opioid-tolerant

patients 543

pain underestimation, healthcare

provider beliefs and meanings 295

palliative analgesia 351

palliative care

definition 350–1

see also end-of-life care

pancreatitis 415–6

causes 416

chronic development of 416

COX-2 selective inhibitors 416

ketamine 416

NSAIDs 416

opioids 416

PCA 416

parabrachial area, nociception 11–2

paracetamol (acetaminophen) 84–95

administration routes 89–92

children

see below

intravenous 89–92, 481–2, 482 T

oral

see below

parenteral 492

rectal

see below

adverse effects 87

children 482

hepatotoxicity 332–3, 482

analgesic ceiling 332–3

children 481–2, 482 T

administration 481–2

see also individual methods

adverse effects 482

dose 85

intravenous administration 481–2,

482 T

oral administration 481–2, 482 T

parenteral administration 492

pharmacokinetics 481–2

rectal administration 481–2, 482 T

systemic analgesia 492

clinical use 75, 85

abdominal pain 414

cardiac surgery 351

low back pain 452

migraine 365

nausea and vomiting 227

noninflammatory articular

pain 435

opioid-tolerant patient

management 548

porphyria 422

postsurgical pain 332–3, 481

sports injuries 532–3

compound analgesics 87–9, 90–1 T

codeine 87–8

dextropropoxyphene 88

NSAIDs 89

numbers needed to treat 89 T

opioids, with 87–9

contraindications 86

kidney failure 349

lactation 86

liver failure 349

dose 85–6

adults 85

children 85

drug interactions 86–7

alcohol 87

liver-metabolized drugs 87

warfarin 86, 86 F, 452

elderly 515

NSAIDs alternative 515

oral absorption 505

renal impairment 515

extent of use 86

field/disaster situations 379

historical aspects 85

ICUs 347

cardiac surgery 351

mechanism of action 86, 332–3, 481

numbers needed to treat 89 T

oral administration 87–9, 481–2,

482 T

children 481–2, 482 T

efficacy measurement 87

as single agent 87, 88 T, 89 T

overdose 92, 92 T

pharmacokinetics 86

during pregnancy 86, 461

preparations 85

profile 85 T

rectal administration 92, 204, 481–2,

482 T

children 481–2, 482 T

systemic analgesia 492

WHO essential drug list 395 T

paravertebral block(s)

children 491

continuous 241

elderly 519

field/emergency situations 382 T

interpleural blockade vs. 242

postsurgical pain 332, 332 T

parecoxib 78, 78–9

intramuscular administration 205

postsurgical pain management 334

parenteral analgesia, children see

children

parenteral devices, PCA 218

parenteral lidocaine 107

parents/family 312–3

concerns of 318–9

ICU pain assessment 345

pediatric patients 481

pain assessment 478–9

partition coefficient, local

anesthetics 120

passive physical therapy, low back pain

management see low back pain

(LBP)

passivity, patient beliefs 295

PAT (Pain Assessment Tool) 479 T

pathological coagulopathies, continuous

peripheral neural blockade 242

patient-centered outcomes, patient-

controlled epidural analgesia 266

patient-controlled analgesia

(PCA) 217–35, 206

addiction fears 295

adjustable parameters 219–20

bolus dose 219

dose limit 220

loading dose 220

lockout interval 219–20

see also individual parameters

analgesic efficacy 222–4, 222

intravenous vs. subcutaneous

223

other routes vs. 223–4

transdermal 223

background infusion 220

clinical use

abdominal pain 414

burn pain 402, 402–3

field/disaster situations 377, 383

obstructive sleep apnea syndrome

see below
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opioid-tolerant patient

management 547

pancreatitis 416

porphyria 421–2

postsurgical pain 332

pruritus

see below

coadministered drugs 224

complications 225–9

complication masking 229

concurrent medications

226

equipment-related problems

see below

inappropriate patient selection

226

norpethidine toxicity 228–9

operator errors 225–6

opioids 227–8

patient-related errors

see below

programming errors

see below

respiratory depression

see below

urinary retention 228–9

see also individual errors

costs 223

definition 206, 217–8

developing world 395

doses

error reduction systems 225

limits 220

elderly 517

equipment-related problems

226–7

antireflux valves 226

‘‘run-away’’ pump 226

syringe/cartridge damage

226–7

equipment types 218, 218–9

disposable devices 218

parenteral devices 218

programmable pumps 218

transdermal 219

transmucosal 218–9

historical aspects 218

as measure of analgesia

consumption 190

monitoring 221

nausea and vomiting 227–8

antiemetics 227

cyclizine 228

diphenhydramine 228

droperidol 227–8

5HT3 receptor antagonists

228

nalmefene 228

naloxone 228

NSAIDs 227

paracetamol 227

promethazine 228

propofol 228

nursing procedure protocols

221

obstructive sleep apnea

syndrome 224–5

obesity 225

respiratory depression 225

opioids 206, 222–3, 362

adverse effects 222–3

complications 227–8

dosage drop 222

parenteral 223

see also individual opioids

pain assessment 149

patient education 220–1

expected effects 220

lack of 220–1

patient-related errors 225, 226

deliberate tampering 226

misunderstanding 226

proxy use 226

patient satisfaction 221, 222

lower pain ratings vs. 222

perioperative use 102

preparation for 220–1

programming errors 225–6

barcode readers 226

dose error reduction systems

225

incidence 225

incorrect checking 225–6

mortality risk 225

oversedation 225

respiratory depression 225

pruritus 228

psychological factors 221–2

adolescents 222

anxiety 222

control 221

postsurgical pain 221

reluctance of use 295

respiratory depression 225, 227

incidence 227

NSAID use 227

risk factors 227

specific patent groups 224–5

adolescents 222

children 490

elderly

see above

staff education 221

standard orders 221

step-down analgesia 224

transdermal system 207

see also individual drugs

patient-controlled delivery systems

field/disaster situations 381–2

see also patient-controlled analgesia

(PCA); patient-controlled

epidural analgesia (PCEA);

patient-controlled intranasal

analgesia (PCINA)

patient-controlled epidural analgesia

(PCEA) 260

analgesic efficacy 264

PCA vs. 222

cardiac surgery 263

cost-effectiveness 265

labor pain treatment 471

patient-centered outcomes 266

patient-controlled intranasal analgesia

(PCINA) 218–9

analgesic efficacy 223

patient-controlled transdermal system,

fentanyl 207

patient education 328–9

PCA see patient-controlled analgesia

(PCA)

patient factors

beliefs and meanings see psychological

factor(s)

developing world see developing

world

ICU pain assessment 345

information provision 297

patient refusal, continuous peripheral

neural blockade 242

patient satisfaction

adult psychological therapy 301

PCA see patient-controlled analgesia

(PCA)

pattern of offset, local anesthetics

117

pattern of onset, local anesthetics 117

PBCL (Procedure Behavior Check

List) 481 T

pediatric patients see children

Pelligrini–Stieda disease see knee pain

pelvic girdle pain

low back pain 448–9

pregnancy 462

penile block (dorsal nerve block) 490

circumcision 490

pentazocine 61

pharmacokinetics 59 T

peppermint oil, irritable bowel

syndrome 416

peptidergic somatic nociceptors 4

perceived threat, threat value 294
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perception of pain 329

elderly see elderly

periaqueductal gray (PAG)

mu opioid receptors 55

nitrous oxide 97

postnatal development 38

periclavicular brachial plexus

blocks 238–9

efficacy 238–9

subclavian approach 239

perineural drug administration 209

opioid analgesics 209

see also individual drugs

perioperative pain management

chronic postsurgical pain prevention

see chronic postsurgical pain

prevention

ketamine see ketamine

NMDA receptor antagonists 100

periosteum, sports injuries 529

peripheral mechanisms, burn pain see

burn pain

peripheral nerve blocks(s)

elderly 507

field/disaster situations 380–1

postsurgical pain management see

postsurgical pain management

see also individual blocks

peripheral nerve damage, NSAIDs 534,

534 F

peripheral neuropathies 412

peripheral responses, postnatal

nociception development see

nociception, postnatal

development

peripheral sensitization

extracellular signal-regulated

kinases 26

mechanisms 21–4

mediators 22–3

arachidonic acid metabolites 22–3

bradykinin 23

cytokines 23

kallidin 23

prostaglandin E2 22–3

neurotrophic factors 24

opioid receptors 24

postsurgical pain management 329

sodium channels 23–4

voltage-gated sodium channels 23

peripheral sensorimotor neuropathy,

neuraxial analgesia 256

peripheral vasodilation, opioid-

induced 57

persistent noncancer pain, opioid

tolerance see opioid-tolerant

patients

pes anserine tendinitis see knee pain

pethidine 62

administration routes

intranasal 208

PCA 223

anticholinergic actions 62

clinical use

abdominal pain 414

biliary colic 415

burn pain 403

dislocations/fractures 367

labor pain 469

renal colic 363–4, 415

sickle cell disease pain 420

contraindications, elderly 513

developing world 392, 392 T

emergency departments 362

metabolism 62

pharmacokinetics 59 T

P-glycoprotein, cerebral drug

uptake 507

phantom limb pain

calcitonin 107

preventive analgesia 189

phantom pain, early nerve injury

effects 45

pharmacodynamics, elderly 505–9,

508–9

pharmacokinetics

absorption see absorption

distribution, cardiac output

507–8

elderly see elderly

pharyngitis 418–9

antibiotics 418

dexamethasone 418

infections 418

topical analgesia 418

phenacetin 85

phenothiazines, migraine 365

phenylbutazone 76

sports injuries 533–4

phenytoin, NSAID interactions 74 T

phospholipase A2, inflammation

174

phospholipase C (PLC), intracellular

signaling 22

physical barriers, ICU pain

assessment 344–5

physical dependence, definition 540

pictorial face scales 142–3, 143 F

advantages 143

disadvantages 143

piroxicam 78

administration routes

oral 202–3

transdermal 207

noninflammatory articular pain 435

numbers needed to treat 89 T

properties 75 T

pKa, local anesthetics 120

placebo trials, cognitive

impairment 511–2

plasma albumin see albumin, plasma

plasma level surveillance, organ

failure 349

platelet(s), aspirin, effects of 76

plexus blockade, developing world

396

pneumothorax, thoracic paravertebral

blocks 350

point box scale (PS-11), numerical

rating scale 140, 140 F

point selection, acupuncture 281

polysubstance abuse, substance abuse

disorder 542

popliteal block, continuous 332

popliteal cysts see knee pain

popliteal fossa level, sciatic nerve

block 240–1

popliteal fossa sciatic nerve block

238 T

popliteus tendinitis see knee pain

porphyrias 419, 421–2

abdominal pain 421

acute attack precipitation 421

definition 421

diagnosis 421

management 421

analgesia 421–2

disease modification 421

NSAIDs 73

pain mechanisms 421

prevalence 421

positive self-statements, pediatric

CBT 317

positron emission tomography (PET)

guided imagery 316

nociception 13–4

postdural puncture headache, neuraxial

analgesia see neuraxial analgesia

postinjection flare, corticosteroids 535

postioning, labor pain treatment 469

postoperative nausea and vomiting

(PONV)

children see children

dexamethasone 106

post-orthopedic surgery, continuous

peripheral neural blockade 246

postsurgical bleeding, NSAID-

induced 72

postsurgical myocardial infarction

reduction, ketorolac

trometamol 70, 71–2
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postsurgical pain see acute postsurgical

pain; chronic postsurgical pain

(CPSP)

postsurgical pain management

intra-articular analgesia 331

opioids 329–30

postsurgical peripheral nociception,

acute postsurgical pain 156

posttranslational modifications, voltage-

gated sodium channels 23–4

potassium (K+) channel blockers, local

anesthetics 119

potassium–chloride cotransporter

(KCC2), postnatal

development 34 T

potency, definition 54

PPM (Parents Postoperative Pain

Measure) 481 T

preemptive analgesia 565

amputation 565

animal models 565

controversies 157–60

administration timing 157

analgesia timing 159–60, 160 F

full control studies 158–9,

159 F

psychosocial factors 190

study design 157–8, 190

terminology 157

two-group studies 157, 158–9,

158 F

definition 154

historical aspects 157, 565

mechanisms 155

postsurgical pain management 329

see also preventive analgesia

pregabalin

adverse effects 103

elderly 516

field/disaster situations 380

perioperative use 104

pharmacokinetics 103 T

postsurgical pain management 335

pregnancy 461–2

lumbosacral back pain 462

medication 461–2

nerve pain 462

NSAIDs 73

pain syndromes 462

see also individual diseases/disorders

paracetamol 86

pelvic girdle pain 462

TENS contraindications 277

Premature Infant Pain Profile

(PIPP) 479 T, 480

preoperative anxiolytic therapy,

postsurgical pain 294

preoperative pain

acute postsurgical pain 156–7,

190

chronic postsurgical pain 156–7, 190,

561–2

prescribed medications

opioids 53–4

substance abuse disorder 542

substance abuse disorder 545

preventability of pain, healthcare

provider education 297

preventive analgesia 154–98, 160–1

definition 154, 155, 160

future work 189–90

analgesic consumption 190

opioids 189

pain measures 189

preexisting pain effects 189

study quality

improvements 189–90

intraoperative phase 156

literature reviews 164–85

mechanisms 155

multimodal analgesia 185, 186–7 T

definition 185

negative effects 185

surgical procedures 185

nonanalgesic agents 185, 188 T

postoperative phase 156

post-treatment condition

absence 160, 161 F

preoperative phase 156

studies

drugs used 162, 163 T

excluded studies 164 T

experimental designs 165 T

inclusion criteria 162–4

outcomes 165 T

PubMed database 162

search strategies 162–4

targets 156, 156 F

timing 160–1, 162 F

see also preemptive analgesia; specific

drugs

prilocaine 127

characteristics 119 T, 125–6 T

continuous peripheral neural

blockade 244–5

transient radicular irritation 122

primary afferents, somatic

nociceptors 4–6

primary care, low back pain 447

primary hyperalgesia 21

burn pain 400

printed information, low back pain

management 451 T, 453

problem solving, patient beliefs 295

procaine 124

allergies to 123

characteristics 125–6 T

historical aspects 113–4

procedural information, information

provision 297

procedural pain

burn pain see burn pain

children see children

definition 308

NMDA receptor antagonists 100

TENS 280

Procedure Behavior Check List

(PBCL) 481 T

processing, postnatal nociception

development 32–8

prochlorperazine, migraine 365, 366 T

progesterone 461

programmable pumps, PCA 218

programming errors see patient-

controlled analgesia (PCA)

projection theory, referred pain 11

prolonged latent phases, labor pain

464

prolonged release preparations, local

anesthetics 129

promethazine

nausea and vomiting 228

preventive analgesia 185

propacetamol 333, 481–2

propofol

burn pain 404

dislocations/fractures 367

emergency departments 367

ICU analgesia 348

nausea and vomiting 228

opioid-related pruritus 258

propofol infusion syndrome 348

PROSPECT 264

prostaglandin(s) 69, 69 T

NSAID mechanism of action 174, 379

prostaglandin E2, peripheral

sensitization 22–3

proteinase(s), nociception 17

proteinase-activated receptors (PARs),

nociception 17

protein binding, NSAIDs 70

protein kinase(s)

central sensitization 26–7

see also individual types

protein kinase A (PKA)

capsaicin, effects of 26

central sensitization 26

peripheral sensitization 21

protein kinase C (PKC)

capsaicin, effects of 26

central sensitization 26
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protein kinase C (PKC) (continued)

peripheral sensitization 21

postnatal development 35 T

proton pump inhibitors (PPIs),

NSAID-induced gastrointestinal

effects 71

proximal sciatic nerve block 238 T

proxy use, PCA 226

pruritus

hydromorphone 485

opioid-induced 257–8, 515

PCA see patient-controlled analgesia

(PCA)

pseudoaddiction, definition 540

pseudogout 434

pseudotolerance, definition 540

psoas compartment blocks 238 T,

239–40

comparisons 239

landmarks 239

see also lumbar plexus block

psychiatric diseases/disorders

persistent noncancer pain 541

substance abuse disorder 542

psychological factor(s) 292–6

beliefs and meanings 295

healthcare provider

see below

patient

see below

catastrophizing 293

children

anxiety 309

anxiety sensitivity 309

catastrophizing 310

coping style 310–1

expectancies 309–10

memory 311

temperament 310

fear-avoidance 293

healthcare provider 295

addiction fear 295

analgesic goals 295

education 297

knowledge lack 295

pain underestimation 295

patient beliefs and meanings 295

passivity 295

PCA see patient-controlled analgesia

(PCA)

pediatric patients 309–11, 310 F

persistent noncancer pain 541

postsurgical pain 293–5

see also individual factors

psychological therapy, adult

291–307

developing world 394

healthcare provider education

297–8

communication 297

listening skills 297

own beliefs 298

patient meanings and beliefs 297

preventability of pain 297

psychological factors 297

information provision 296, 297

context 297

patient individuality 297

procedural information 297

sensory information 297

patient satisfaction assessment 301

psychosocial support 296

teaching 296

see also individual methods

psychological therapy, children 308–23

breathing techniques 314

distraction see distraction, children

guided imagery see guided imagery,

children

hypnosis see hypnosis

parental involvement 318–9

evidence for 318

parental concerns 318–9

speech functions 318

preparation 312–3

meta-analyses 312

parental involvement 312–3

patient coping strategies 313

Self-Regulation theory 312

surgery 312–3

procedural pain 493

relaxation see relaxation

see also individual methods

psychomimetic effects, ketamine 548

psychoprophylaxis, labor pain

treatment 468

psychosocial factors

adult psychological therapy 296

chronic postsurgical pain 563

kidney failure 296

low back pain see low back pain

(LBP)

preemptive analgesia 190

substance abuse disorder 542–3

PubMed database 162

pulse amplitude, TENS 276

pulse oximetry, respiratory

depression 514

pumps, continuous peripheral neural

blockade 244

purines, nociception 17

purinoceptors, nociception 17

pyrazoles 76

see also individual drugs

Quebec Task Force on Spinal

Disorders 453–4

radial epicondyalgia see elbow pain

radial nerve block, forearm

fractures 368

radionuclide skeletal scans see bone

scans

randomized clinical trials, TENS 277

ranked categorical scales, pain

assessment 150

receptor tyrosine kinases, intracellular

signaling 22

rectal drug administration 204

formulation 204

hydrogels 204

nonopioid analgesics 204

opioid analgesics 204

see also individual drugs

‘‘red flags’’

abdominal pain 413

low back pain 445

redistribution, methadone 61

reductions, fractures 367, 528–9

referred pain, nociception see

nociception

reflex arc activation, referred pain 11

refractory period 114

reframing, pediatric CBT 317

regeneration phase, sports injuries see

sports injuries

regional analgesia, opioid-tolerant

patient management 548

regional anesthesia

elderly 519

field/disaster situations see field/

disaster situations

ICUs 349–50

rehearsal, pediatric CBT 317

relapse, substance abuse disorder 541

relaxation 298–9

children 313–4, 314, 316

technique choice 313–4

opioid-tolerant patient

management 549

reliability, pain assessment 148

remifentanil 61

burn pain 403

elderly

doses 514

pharmacokinetics 505

labor pain 469

PCA 223

pharmacokinetics 59 T, 61

volume of distribution 58

remodeling phase see sports injuries

renal clearance, elderly 508
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renal colic 414–5

atropine 415

desmopressin 415

emergency departments see emergency

department(s)

hyoscine-N-butylbromide 415

metamizole 415

NSAIDs 70, 415

ondansetron 415

opioids 415

pethidine 415

prevalence 414–5

tamsulosin 415

TENS 415

renal failure, NSAID-induced 71, 515

renal impairment

opioids 513

paracetamol 515

renal replacement therapy 349

drug removal 349, 349 T

ICUs 349

intermittent hemodialysis and

filtration 349

repair phase, sports injuries see sports

injuries

reported pain, cognitive

impairment 511

reporting reluctance, patient beliefs 295

respiratory depression

buprenorphine 61

hydromorphone 485

morphine 484, 514

opioids 57, 257, 258, 514, 519

see also individual types

PCA see patient-controlled analgesia

(PCA)

respiratory rate, PCA 221

response to injury, postnatal

nociception development 39–45,

40–2 T

rest

bone injuries 528

noninflammatory articular pain 435

sports injury management 532

retrospective appraisals, pain

assessment 150

Rexed’s laminae, spinal cord 8–9, 8 F

Reye’s syndrome, aspirin adverse

effects 73, 76

rheumatoid arthritis, paracetamol 87

RICE regime, sports injury

management 532

Richmond Agitation-Sedation

Assessment Scale (RASS) 346 T

risk-taking behavior, substance abuse

disorder 542

ritonavir, drug interactions 413

road traffic accidents, developing

world 389–90

rofecoxib 78

renal colic 364

ropivacaine 127

caudal epidural block 491

characteristics 119 T, 125–6 T

children

caudal epidural block 491

epidural block 492

inguinal blocks 489

continuous peripheral neural

blockade 245

toxicity 245

epidural administration

children 492

elderly 517

labor 471–2, 472 F

half-life 515

inguinal blocks, children 489

levobupivacaine vs. 127

lumbar epidural analgesia,

labor 471–2, 472 F

metabolism, age-related effects 121

minimum local anesthetic

concentration 127

neuraxial analgesia 256

toxicity 122

rostral ventromedial medulla (RVM)

ON cells 27

hyperalgesia 27

Neutral cells 27

nociception 12

OFF cells 27

postnatal development 38

rotator cuff tendonitis/tears see

shoulder pain

‘‘rugger jersey’’ finger 529

‘‘run-away’’ pump, PCA 226

safety provision, field/disaster

situations 377

salicylates 75

sports injuries 533–4

see also individual drugs

salsate 75

satisfaction scoring see assessment/

measurement (of pain)

saxitoxin, voltage-gated Na+ channels

binding 116

Scale for Use in Newborns

(SUN) 479 T

scar tissue formation, sports

injuries 528

schema incongruent information,

definition 294

schemata, definition 294

schemata congruent information,

definition 294

Schwann cells 114

sciatica, pregnancy 462

sciatic nerve block 240–1

catheter placement 240

continuous 332

field/emergency situations

382 T

popliteal fossa level 240–1

postsurgical pain 332

subgluteal approach 240

sciatic nerve ligation, postnatal

development effects 44

scopolamine, renal colic therapy 364,

415

secondary hyperalgesia 21

burn pain 400–1

sedation

alpha-2 adrenoreceptor agonists

102

clonidine 102, 487

fractures 367

hydromorphone 485

ICUs see intensive care units (ICUs)

morphine 484

opioids 258, 514, 515 T

segmental (spinal) control, nociception

see nociception

segmental mechanisms, TENS 273

selective serotonin reuptake inhibitors

(SSRIs), elderly 516

self-hypnosis, hypnosis 315

Self-Regulation theory, children 312

self-reporting

elderly pain assessment 510–2

pediatric pain assessment 479

sensitization

central see central sensitization

peripheral see peripheral sensitization

sensory information, information

provision 297

sensory nerve block 256

sepsis, ICUs 350

septic arthritis 433–4

septic bursitis 434

serotonin receptors

antagonists, postsurgical nausea and

vomiting 493

5-HT3 receptor antagonists

opioid-related nausea and

vomiting 228, 258

opioid-related pruritus 258

somatic nociceptors 6

TENS 275

serum transaminase levels,

diclofenac 71
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service differences, field/disaster

situations 377

shock, NSAID-induced 73

Short Pain Inventory 147

short-term sports injuries 527

shoulder dislocations 368

shoulder pain 436–7

clinical features 437

entities 437

investigations 437

management 432 T, 437

shoulder surgery, interscalene brachial

plexus block 239

sickle cell crisis 419

sickle cell disease

acute chest syndrome 419

definition 419

sickle cell crisis 419

sickle cell disease pain 419–21

corticosteroids 420–1

education 421

epidural analgesia 421

heat therapy 421

nitric oxide 420

nitrous oxide 420

NSAIDs 420

opioids 420

oxygen 420

prevention 421

TENS 421

sigma (s) opioid receptors 54

signaling cascades, inflammatory

mediators 21, 22

single nucleotide polymorphisms

(SNPs), mu opioid receptors

54

single shot caudal analgesia, developing

world 396

sinusitis 419

skin conditions, TENS

contraindications 277

slow low efficiency dialysis (SLED)

349

slow-release preparations

opioids 513

postsurgical pain management 336

smoking, low back pain 446

smooth muscle relaxants, irritable

bowel syndrome 416

social–cognitive model, hypnosis 315

sociocultural factor(s)

children and pain 311–2

persistent noncancer pain 541

sodium channel(s)

peripheral sensitization 23–4

voltage-gated see voltage-gated Na+

channels (Na(v))

sodium valproate see valproic acid

soft tissues

injuries

immobilization 532

NSAIDs 533

low back pain management 451 T,

453

sports injuries 527

somatic nociceptors see nociception

somatic pain, labor pain see labor pain

somatic referred pain, lumbar spine

neuroanatomy 446, 449

somatosensory evoked potentials (SEP),

TENS 272

somatostatin, nociception 10–1

spared nerve injury (SNI) model,

postnatal development 44

speech functions, children 318

speed of healing, bone injuries 528

spinal analgesia 256

continuous see continuous spinal

analgesia (CSA)

developing world 395–6

field/emergency situations 382 T

labor pain treatment 470

local anesthetics 257

spinal cord

muscarinic receptors, TENS 275

nerve root ligation, postnatal

development effects 44

nociception see nociception

pain transmission development see

nociception, postnatal

development

postinjury hyperexcitability,

opioids 168

Rexed’s laminae 8–9, 8 F

stimulation, historical context 272

TENS segmental mechanisms 273–4

spinal fusion surgery, neuraxial

analgesia 264

spinal hematoma see neuraxial analgesia

spinal manipulation, low back pain

management 451 T, 452

spinobulbar pathway(s), nociception see

nociception

spinoparabrachial pathway,

nociception 11–2

spinothalamic pathway(s),

nociception 11

spiral fracture(s) 528

splanchnic nerves, nociception 7–8

spondylosis, low back pain 448

sports injuries 526–38

acute 526, 531

direct (extrinsic) 526

indirect (intrinsic) 526

articular cartilage see articular

cartilage injuries

bone injuries see bone injuries;

fracture(s)

classification 526–7

by tissue 527

clinical presentation 531

hard tissue 527

see also bone injuries; fracture(s)

imaging 531

investigations 531

ligaments 530

management

see below

muscle 530–1

overuse injuries 527, 529–30, 531

bone injuries 529–30

clinical presentation 531

friction 527

microfatigue 527

pathophysiology 527–8, 528–31

inflammatory response 527, 527 F

prognosis 529 F, 537

remodeling/maturation phase 528

repair/regeneration phase 528

angiogenesis 528

extracellular matrix 528

fibroblasts 528

granulation tissue 528

scar tissue formation 528

secondary 527

soft tissue 527

synovial joints 530

tendons 530

sports injuries, management 531–7

analgesics 532–3

NSAIDs

see below

prohibited substances 533

corticosteroids 534–5

degenerative tendinopathies 535

duration 535

injection 534

iontophoresis 534

local anesthetic, with 535

mechanism of action 533 F, 534

oral 534

postinjection flare 535

studies 534–5

transdermal 535

cryotherapy see cryotherapy

hyperbaric oxygen therapy 537

immobilization 532

initial treatment 532

local anesthetics, corticosteroids,

with 535

muscle 531
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NSAIDs 533–4

inflammation 533

peripheral nerve damage 534,

534 F

soft tissue trauma 533

transdermal 534

overuse injuries 529–30

pharmacological therapy 532–5

see also individual drugs

SPRID (sum of pain reduction and

intensity difference) 148–9

squint (strabismus) surgery

bupivacaine 489

local anesthetics 489

stabilizers, local anesthetics 118

staff education, PCA see patient-

controlled analgesia (PCA)

staff factors, ICUs pain assessment

345

state and trait anxiety 293

State-Trait Anxiety Inventory 293–4

step-down analgesia

opioid-tolerant patient

management 548

PCA 224

steric interactions, local anesthetics

115

sterile techniques, neuraxial

analgesia 262

steroids see corticosteroid(s)

Stevens–Johnson syndrome 73

stimulating catheters, continuous

peripheral neural blockade

243–4

stoke, central pain see central post-

stroke pain

strabismus surgery see squint

(strabismus) surgery

stress fractures 529–30

stress response

labor pain vs. 465

postnatal development effects 43

STRICTA (Controlled Trials of

Acupuncture) 282

studies

preemptive analgesia 157–8, 190

preventive analgesia 189–90

subacromial bursitis see shoulder pain

subclavian approach, periclavicular

brachial plexus blocks 239

subclavian perivascular block 238 T

subcutaneous drug

administration 204–5

nonopioid analgesics 205

opioids 205, 208

elderly 505–7

see also individual drugs

subgluteal approach, sciatic nerve

block 240

subject group numbers, meta-

analyses 149

sublingual drug administration 207,

207–8

nonopioid analgesics 207–8

see also individual drugs

sub-Saharan Africa 390

substance abuse disorder (SAD) 539,

542–3

comorbid diagnosis 542

definition 540

determinants 542

drug-seeking behavior 543

diversion vs. analgesia 543

epidemiology 542

management 546

buprenorphine 550–1

methadone 550

pain assessment 545

behavior identification 545

comorbidities 545

drug history 545

prescribed medications 545

pain types 542

psychosocial issues 542–3

relapse 541

see also addiction

substance dependence 540

substance P

nociception 9

opioid-tolerant patients 544

peripheral sensitization 21

sucrose, children 488

sufentanil 60–1

administration routes

intranasal 208 T

transdermal 207

context-sensitive half-times 58

neuraxial analgesia 257

pharmacokinetics 59 T

sulfonylureas, NSAID interactions 74 T

sulindac 77, 77–8

CNS adverse effects 72

sumatriptan, migraine 365, 366, 366 T

summed pain intensity difference

(SPID) 148–9

sum of pain reduction and intensity

difference (SPRID) 148–9

SUN (Scale for Use in

Newborns) 479 T

superficial burns 400

superficial partial thickness burns 400

supplies, field/disaster situations 377

supports, noninflammatory articular

pain 435

suppositories see rectal drug

administration

supraclavicular perivascular block 238 T

field/emergency situations 382 T

supraspinatus tendonitis see shoulder

pain

surgeon experience, chronic

postsurgical pain 562

surgery

developing world 390

elbow pain 438

inappropriate, chronic postsurgical

pain 559

neuraxial analgesia 256

shoulder pain 437

surrogates, behavioral pain

assessment 147

synovial fluid aspiration, articular

pain 432

synovial joint injuries 530

syringe/cartridge damage, PCA 226–7

system factors, ICU pain

assessment 345

systemic analgesia

children see children

emergency departments 361–3

labor pain treatment 469

systemic infections, continuous

peripheral neural blockade 243

systemic inflammatory response

syndrome (SIRS) 350

‘‘take-home packs,’’ children 489

tamsulosin, renal colic 415

tarsal fracture(s) 528

TEA see thoracic epidural analgesia

(TEA)

teaching, adult psychological

therapy 296

temperament, children 310

tendon injuries 530

tennis elbow see elbow pain

tenoxicam 78

TENS see transcutaneous nerve

stimulation (TENS)

tension-type headache, NSAIDs 70

tetracaine 124

neuraxial analgesia, CNS toxicity 257

topical anesthesia 128

tetrodotoxin, voltage-gated Na+

channels binding 116

tetrodotoxin-sensitive (TTX-S) voltage-

gated sodium channels see voltage-

gated Na+ channels (Na(v))

thalamic theory, referred pain 11

therapeutic response, behavioral pain
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epinephrine 258
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thoracic surgery 263
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ICUs 350, 351
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epidural analgesia 263
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neuraxial analgesia 263
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(TEA)
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559 T
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ICUs 351
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threat value

perceived threat 294

postsurgical pain 294
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emergency departments 366

field/emergency situations 382 T

fractured neck of femur 366

hip replacement surgery 240

thrombocytosis, articular pain 432

thromboembolism risk reduction, local

anesthetics 124

thrombosis, neuraxial analgesia 264

thromboxanes 69, 69 T, 71–2

aspirin effects 76

tiaprofenic acid 76, 77

ticlopidine, epidural analgesia

contraindication 518

time to the first analgesic request

(TFA) 149

tissue healing

ketorolac adverse effects 72

NSAID-induced 72–3

tolerance, opioids 62
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local anesthetics 489

preventive analgesia 185

topical analgesia 330–1
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topical anesthesia 128
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procedural pain 493

cocaine 128

lidocaine 128

microaerosols 128

tetracaine 128

wounds 367

topiramate, elderly 516

total hip replacement surgery, neuraxial

analgesia 264

toxicity, local anesthetics see local

anesthetic(s)

TPVB see thoracic paravertebral blocks

(TPVB)

traction, low back pain

management 451 T, 452

training

acute pain service teams 384–5

developing world 393

tramadol 62, 336

abdominal pain 414

administration routes

children 486

oral 203

adverse effects 336

children 485–6

administration 486

adverse effects 486

pharmacokinetics 486

dental pain 362

elderly 513

emergency departments

362–3

migraine 366 T

metabolism 62

cytochrome P450 46

migraine 366 T

morphine equivalents 547 T

pharmacokinetics 59 T
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sports injuries 532–3

trauma 362

transcutaneous electrical nerve

stimulation (TENS) 272–7

acupuncture-like 272, 273 F

clinical effectiveness 277–80, 278–9 T

randomized clinical trials 277

clinical use 275

angina pectoris 280

dysmenorrhea it, 280, 417

labor pain 277–80, 278–9 T

low back pain management 451 T,

452

neck pain 278–9 T

porphyria 422

postsurgical pain 277, 278–9 T

procedural pain 280

renal colic 415

shoulder pain management 437

sickle cell disease pain 421

contraindications 277

conventional 272, 273 F

definition 272

dosage 277

electrical characteristics 276

electrode positions 276, 276 F

equipment 272, 272 F

historical context 272

spinal cord stimulation 272

intense 272, 273 F

mechanism of action 272–5, 275 F

descending pain inhibitory

pathways 274

extra-segmental mechanisms 274

high intensity stimulation 273–4

long-term depression 273–4

low intensity stimulation 272–3

neuropharmacology

see below

segmental mechanisms 273

somatosensory evoked

potentials 272

spinal cord segmental

mechanisms 273–4

neuropharmacology 274–5

outcome determinants 276–7

precautions 277

timing 277

trial of 275

transdermal drug administration 206–7

buprenorphine 551

corticosteroids 535

fentanyl 60

lipid-soluble drugs 206

nonopioid analgesics 206–7

NSAIDs 534

opioid analgesics 207

physical methods 206

see also individual drugs

transdermal patient-controlled

analgesia 219
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transdermal administration 207

transducing ion channels, peripheral

sensitization 21
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local anesthetics 257
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trauma see injury/trauma

trichloroethylene, burn pain 404

tricyclic antidepressants

adverse effects 516

burn pain 403–4

clinical use 105
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tricyclic antidepressants, neuropathic

pain 351–2

trigger points, noninflammatory

articular pain 436

triptan(s), migraine 365

TRPV1 receptor 33
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Administration 328
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PCA complications 228–9
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57

vagus nerves 7–8

valdecoxib 78

validation

Brief Pain Inventory 147

pain assessment 148
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adverse effects 103–4
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liver failure 349
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perioperative use 104
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analgesia 263
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venipuncture, neonates 493
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preventive analgesia 185
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ventricular fibrillation, bupivacaine 127

verbal descriptor scale (VDS) 139–40

advantages 139

burn pain assessment 402

developing world 394

disadvantages 139–40

elderly pain assessment 512

verbal numerical rating scale
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burn pain assessment 402

elderly pain assessment 512
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descriptor scale (VDS)
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video-assisted thorascopy, thoracic
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design 141
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elderly pain assessment 512
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contraindications 98
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voltage-gated Ca2+ channel(s)

anticonvulsants 103

dorsal horn plasticity 25–6
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peripheral sensitization 21
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voltage-gated Na+ channels (Na(v))

local anesthetics 114–5
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saxitoxin binding 116
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tetrodotoxin-resistant 23
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tissue distribution 115
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vomiting see nausea and vomiting
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drug interactions
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contraindication 518

water baths, labor pain treatment
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situations 376
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world 393

wide dynamic range neurons, spinal

cord 9

wind up, dorsal horn plasticity

24

withdrawal of care 350–1

withdrawal reflexes see nociception,
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withholding treatment 350–1

Wong–Baker Faces Scale 145

work deferment, low back pain 447

workload, opioid-tolerant patients
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World Health Organization (WHO)
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wound(s)

emergency departments see emergency

department(s)

infiltration

developing world 396

postsurgical pain management see

postsurgical pain management

wound depth see burn(s)

wound dressings, burns see burn(s)

wound packs, field/disaster

situations 379
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wrist pain 438–9
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investigations 439

management 439
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