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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:
Practice and Procedures

Despite extensive research into the origins and mechanisms of acute and chronic pain, its management remains a challenge
to all involved in health care. This is partly due to our incomplete knowledge of the subject and the plasticity of the
mechanisms involved. The need to educate patients and develop therapeutic means that are effective but are well tolerated,
are additional problems encountered in daily practice. Each chapter in Practice and Procedures can stand alone or work to
complement the chapters in preceding volumes – Acute Pain, Chronic Pain, and Cancer Pain. Authors have been chosen as
having a special interest and expertise in the practical applications they describe. They have been invited to present their
work in a style that is not only comprehensive but also easy to read, with summaries of key points and evidence-based
references. The editors and authors have endeavored to provide the reader with a contemporary text that utilizes our latest
knowledge on the management of pain to maximize a favorable outcome.

Practice and Procedures covers various forms of pain assessment in addition to a wide range of therapies that can be
provided by a diverse range of healthcare disciplines, including practical procedures and applications in the management
of acute, chronic, and cancer pain. The volume concludes with valuable chapters about clinical research methods and
writing medicolegal reports.

We trust that this volume will be of value to all healthcare workers, regardless of their discipline, and that it will help
them to keep abreast of developments and challenges in the maturing discipline of applied pain medicine.

Harald Breivik, William I Campbell, and Michael K Nicholas
Oslo, Belfast, and Sydney
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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

AC acromioclavicular

ACC anterior cingulate cortex

ACMP Access to Controlled Medicines Program

ACR American College of Rheumatology

ACT acceptance and commitment therapy

AD Alzheimer’s disease

ADA Americans with Disabilities Act

AHCPR Agency for Health Care Policy and Research

AIDS acquired immunodeficiency syndrome

aINS anterior insula

ALAT alanine aminotransferase

ALP alkaline phosphatase

ANA antinuclear antibody

ANCA antineutrophil cytoplasmic antibody

ANS autonomic nervous system

anti-CCP anti-cyclic citrullinated protein

AP anteroposterior

APS American Pain Society; or acute pain

service

APTT activated partial thromboplastin time

ASA American Society of Anesthesiologists

ASAT aspartate aminotransferase

ASIS anterior superior iliac spine

AUC area under the curve

BAPQ Bath Adolescent Pain Questionnaire

BDI Beck Depression Inventory

BNF British National Formulary

BOLD blood oxygen level dependent

BP blood pressure

BPI Brief Pain Inventory

CARF Commission on Accreditation of

Rehabilitation Facilities

CBF cerebral blood flow

CBT cognitive-behavioral therapy

CCBT contextual cognitive-behavioral therapy

CCK cholecystokinin

CCP content, context, and process

CEO Chief Executive Officer

CGH cervicogenic headache

CGRP calcitonin gene-related peptide

CHEOPS Children’s Hospital of Eastern Ontario Pain

Scale

CIDP chronic inflammatory demyelinating

polyradiculoneuropathy

CK creatine kinase

CLBP chronic low back pain

CMT Charcot–Marie–Tooth

CNS central nervous system

COMT catechol-O-methyltransferase

CONSORT Consolidated Standard of Reporting Trials

COPM Canadian Occupational Performance

Measure

COX cyclooxgenase

COX-2 cyclooxygenase-2

CPG clinical practice guidelines

CPNB continuous peripheral nerve blockade

CPS chronic pain service

CPVI Chronic Pain Values Inventory

CQI continuous quality improvement

CRP C-reactive protein

CRPS complex regional pain syndrome

CSCI continuous subcutaneous infusion

CSF cerebrospinal fluid

CSQ Coping Strategies Questionnaire

CT computed tomography

CUA cost-utility analysis

DA dopamine

DAPOS Depression, Anxiety, and Positive Outlook

Scale

DASS Depression, Anxiety and Stress Scale

DESS Échelle Douleur Enfant San Salvadour

DLPFC dorsolateral prefrontal cortex

DNIC diffuse noxious inhibitory control

DRG dorsal root ganglion

DSM Diagnostic and Statistical Manual of Mental

Disorders

DTI diffusion tensor imaging

ECG electrocardiogram

EDA electrodermal activity

EDTA ethylenediaminetetraacetic acid

EEG electroencephalography

ELISA enzyme-linked immunosorbent assay



EMG electromyogram

EOP external occipital protuberance

ERP early receptor potential

ES epidural space

ESI epidural steroid injection

ESR erythrocyte sedimentation rate

FABQ Fear-Avoidance Beliefs Questionnaire

FAS Functional Activity Scale

FBSS failed back surgery syndrome

FBT fentanyl buccal tablets

FDI Functional Disability Inventory

FEV forced expiratory volume

FLACC Face, Legs, Arms, Cry, Consolability

fMRI functional magnetic resonance imaging

FPS Faces Pain Scale

FPS-R Faces Pain Scale-Revised

FT4 free thyroxine

FVC forced vital capacity

gammaGT g-glutamyl transferase

GAN greater auricular nerve

GCP Good Clinical Practice

GI gastrointestinal

GMP good manufacturing practice

GON greater occipital nerve

HA hyaluronic acid

HIV human immunodeficiency virus

HIZ high intensity zones

HLA human leukocyte antigen

HMO health maintenance organization

HPA hypothalamic–pituitary–adrenal

HR hazard ratio

HRV heart rate variability

HSAN hereditary sensory autonomic neuropathy

Hb hemoglobin

IASP International Association for the Study of

Pain

IBS irritable bowel syndrome

ICD International Classification of Diseases

ICF International Classification of Functioning,

Disability and Health

IDET intradiscal electrothermal therapy

IDTA intradiscal thermal annuloplasty

IEC independent ethics committee

IFN-g interferon-gamma

IHN ilio-hypogastric nerve

IIN ilio-inguinal nerve

IL-2 interleukin-2

IL-6 interleukin 6

i.m. intramuscular

IMMPACT Iniative on Methods, Measurement, and

Pain Assessment

INCB International Narcotic Control Board

INR international normalized ratio

IPA Impact on Participation and Autonomy

IPG abdominal implantable pulse generator

IQ intelligence quotient

IRB institutional review board

ITS iontophoretic transdermal system

ITT intention to treat

i.v. intravenous

i.v. PCA intravenous patient-controlled opioid

analgesia

JCAHO Joint Commission on Accreditation of

Healthcare Organizations

LA local anesthesia

LAAJ lateral atlantoaxial joint

LBP low back pain

LC locus coeruleus

LED light-emitting diode

LFCN lateral femoral cutaneous nerve

LMWH low molecular weight heparin

LOC locus of control

LOCF last observation carried forward

LON lesser occipital nerve

LORT technique of loss of resistance

LP lumbar puncture

LTP long-term potentiation

M3G morphine-3-glucuronide

M6G morphine-6-glucuronide

MAAS Mindful Attention Awareness Scale

MB medial branch

MCP metacarpophalangeal

MCTD mixed connective tissue disease

MD difference in means

MDT multidisciplinary teams

MEAC minimum effective analgesic

concentration

MEC minimum effective concentration

MEG magnetoencephalography

MHC major histocompatibility complex

mPFC medial prefrontal cortex

MPI multidimensional pain inventory

MPO myeloperoxidase

MPQ McGill Pain Questionnaire

MR magnetic resonance

MRI magnetic resonance imaging

MRS magnetic resonance spectroscopy

MST morphine sulfate tablet

mTh medial thalamus

NAA N-acetyl aspartate

NACs national advisory committees

NCA nurse-controlled analgesia

NCCPC Non-Communicating Children’s Pain

Checklist

NE noradrenaline

NFCS Neonatal Facial Coding System
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NGC nucleus reticularis gigantocellularis

NH natural history

NHMRC National Health and Medical Research

Council

NHS National Health Service

NICE National Institute for Health and Clinical

Excellence

NIH National Institutes of Health

NMDA N-methyl-D-aspartic acid

NNH number needed to harm

NNT number needed to treat

NPY neuropeptide Y

NRD nucleus reticularis dorsalis

NRS numerical rating scale

NSAID nonsteroidal anti-inflammatory drug

OA osteoarthritis

OBT operant behavioral therapy

ODI Oswestry Disability Index

OR odds ratio

OrbF orbitofrontal cortex

OTC over the counter

OTFC oral transmucosal fentanyl citrate

PACU Post Anesthesia Care Unit

PAD peptidylarginine deiminase

PAG periaqueductal gray

PAR pain relief scale

PASS Pain Anxiety Symptoms Scale

PBCL Procedure Behavior Check List

PBRS-R Procedure Behavioral Rating Scale-Revised

PCA patient-controlled analgesia

PCC percutaneous cervical cordotomy

PCEA patient-controlled epidural analgesia

PCINA patient-controlled intranasal analgesia

PCQ Pain Coping Questionnaire

PCS-C Pain Catastrophizing Scale for Children

PCTS patient-controlled transdermal system

PDA personal digital assistants

PDPH postdural puncture headache

PET positron emission tomography

PFC prefrontal cortices

PGIC Patients Global Impression of Change

PGP protein gene product

PHN postherpetic neuralgia

PHODA Photograph Series of Daily Activities

PID pain intensity difference

PIPP Premature Infant Pain Profile

PNS peripheral nerve stimulator

POMS Profile of Mood States

PONV postoperative nausea and vomiting

POQ Patient Outcome Questionnaire

POQ-VA Pain Outcome Questionnaire-VA

PP per protocol

PPG photoplethmysography

PPI present pain intensity; or proton pum

inhibitor

PPP Pediatric Pain Profile

PPPM Parents’ Postoperative Pain Measure

PPQ Pediatric Pain Questionnaire

PR3 proteinase 3

PRF pulsed radiofrequency

PRI pain rating index

PSIS posterior superior iliac spine

PTSD posttraumatic stress disorder

QALY quality-adjusted life years

QI quality improvement

QRC qualified rehabilitation counselor

QST quantitative sensory testing

QoL quality of life

RA rheumatoid arthritis

rACC rostral anterior cingulate cortex

RCT randomized controlled trial

RD risk difference

RF radiofrequency; or rheumatoid factor

ROM range of motion

RR risk ratio

RSD reflex sympathetic dystrophy

RVM rostral ventromedial medulla

SAA serum amyloid A

SCM sterno-cleidomastoid

SCS spinal cord stimulation

SDT signal detection theory

SEP somatosensory-evoked potential

SF-36 Short-Form 36

SF-MPQ Short-Form McGill Pain Questionnaire

SLE systemic lupus erythematosus

SLR straight leg raise

SMD standardized mean difference

SMK Sluijter–Metha

SMP sympathetically maintained pain

SNAG sustained natural apophyseal glides

SNL superior nuchal line

SNS sympathetic nervous system

SOPA Survey of Pain Attitudes

SPC superior parietal cortex

SPID summed pain intensity difference

SpO2 oxygen saturation

SPTLC1 serine palmitoyl transferase long chain base

subunit 1

SS spinal stenosis

SSNRI specific serotonin- and noradrenaline-

reuptake inhibitors

SSRI specific serotonin-reuptake inhibitors

STAI State Trait Anxiety Inventory

TCA tricyclic antidepressants

TENS transcutaneous electrical nerve

stimulation

THA triamcinolone hexacetonide

TM trapezius muscles
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TMD temporomandibular pain and dysfunction

TNFa tumor necrosis factor-alpha

TON third occipital nerve

TOTPAR total pain relief

TSH thyroid-stimulating hormone

TSK Tampa Scale for Kinesiophobia

US ultrasound

VA Veterans Administration

VAS visual analog scale

VCUG voiding cystourethrogram

VIP vasoactive intestinal peptide

VRS verbal rating scale

WAD whiplash-associated disorder

WHO World Health Organization

WMA World Medical Association

WMD weighted mean difference

WOMAC Western Ontario and MacMaster

universities
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KEY LEARNING POINTS

� The initial medical interview should aim to establish

rapport as well as obtain information.
� Case note paper with printed headings may assist in the

structured recording of information.
� Behaviors are valuable physical signs in the chronic pain

patient, but over-reaction does not mean that pain is

psychogenic.

� The pain psychology interview should ideally gather

data, as well as begin to introduce treatment concepts.
� Explaining the purpose of the assessment at the outset

can allay fears or correct misunderstandings.
� The use of self-report assessment tools is a vital part of

the assessment process, but not a substitute for careful

clinical evaluation.

MEDICAL ASSESSMENT

Chronic pain patients are often seen as ‘‘difficult.’’ This
perception should be considered in context. Chronic pain
sufferers may feel that their symptoms are trivialized or
frankly disbelieved by doctors, and present to a pain
specialist for the first time holding this view. By defini-
tion, these patients will have had their pain for at least
three months, and in practice often considerably longer.
The factors contributing to this include delays between
referral from primary care to diagnostic specialists,
waiting for investigations and the results of these,
and in some situations a long wait for the pain clinic
consultation itself.

During this period, patients often experience a variety
of frustrations. They may see a number of clinicians and
undergo tests which they expect to reveal the nature of

their problem, but ultimately give no clear answers and
they may even be given differing diagnoses by different
doctors, furthering a sense of mistrust in clinicians. They
may receive numerous unsuccessful treatments. Over the
same period, their employment may come under threat or
be lost, their recreations may be curtailed, their rela-
tionships suffer. Their clinicians may imply, or even
directly state, that there is nothing wrong with them. In a
recent study of patients with chronic back pain consulting
specialists, it was found that patients valued explanation,
information, reassurance, discussion of psychosocial
issues, and management options, and (perhaps above all)
being taken seriously.1

This chapter is not intended to provide a compre-
hensive guide to history-taking and examination in
the chronic pain patient, several aspects of which may be
found in the relevant chapters on clinical situations



(see Chapter 9, Chronic pain, impairment, and disability;
Chapter 10, The psychological assessment of pain in
patients with chronic pain; Chapter 14, Outcome mea-
surement in chronic pain in the Chronic Pain volume of
this series; and Chapter 3, Selecting and applying pain
measures); nor is it intended to substitute for useful
current texts on general clinical history-taking and
examination to which the interested reader is referred.2, 3,
4 We will initially consider aspects of history-taking and
examination generally applicable in the chronic pain
patient, proposing a structure for the initial clinical
interview and physical examination. We will focus on
specific aspects of the clinical assessment in two impor-
tant groups – nonspecific musculoskeletal pain and pain
in disorders of the nervous system. Finally, we will explore
the pain management psychologist’s approach to the
clinical interview.

Obtaining a clear medical history and performing a
physical examination are traditional clinical skills with the
primary purpose of establishing diagnosis with a view to a
rational basis for treatment. Advances in medical tech-
nology have challenged the importance of these tradi-
tional skills,5 but in recent years there has been a growing
appreciation that the clinician’s first encounter with a
patient should seek more than diagnosis. It can lay the
foundations of a good doctor–patient relationship and
impart, as well as receive, information. This has been
referred to as the three-function model6 and might be
seen as particularly appropriate in the context of chronic
pain assessment; frequently, by the time a patient is
referred to a pain clinic, the primary diagnosis, or diag-
noses, will be clear. However, psychosocial issues are
almost invariably important, and this is reflected in the
coauthorship of a medical doctor and a clinical psychol-
ogist in the writing of this chapter.

Numerous questionnaires have been devised as tools to
evaluate a wide range of sensory and affective elements of
pain, as well as associated factors, such as physical dis-
ability and erroneous beliefs about pain causation. Some
of these will be referred to later in this chapter; the subject
is considered in greater depth in Chapter 10, The psycho-
logical assessment of pain in patients with chronic pain;
Chapter 13, Psychological effects of chronic pain: an
overview; and Chapter 14, Outcome measurement in
chronic pain in the Chronic Pain volume in this series.

PHYSICIAN–PATIENT INTERVIEW

The patient attending a pain clinic consultation for the
first time may have little idea what to expect from the
service (by contrast, for example, with an appointment
with a general physician). The clinician should be aware
of this and it is often helpful at some point to ask the
patient what his or her expectations are, concerning the
assessment process as well as treatment, as this varies
widely between individuals. Some expect a diagnosis (or a

test that will lead to diagnosis); some just want their pain
relieved. Some may have unrealistic expectations of what
is achievable and it is as well for the clinician to be alerted
to this early on.

Patients vary greatly in their ability to give a fluent,
relevant, and thorough account of their symptoms. Some
are quiet and unforthcoming, others garrulous, some
distressed or angry. The clinician’s interviewing style
needs to be adaptable and it is important for the clinician
to be concerned, engaged, and calm. Simple courtesies
should not be overlooked. The clinician should greet the
patient formally; unless invited to do so, calling the
patient by their first name is often regarded as inappro-
priately familiar by some patients.7

When starting to take a history, allow the patient to tell
their story in their own words as far as possible, rather
than continually interrupting with specific or leading
questions. Later in the interview, garrulous patients may
need to be ‘‘brought back on track’’ with some direct
questioning, and unforthcoming patients may need gentle
leading questions, but any guiding questions should be
brief, clear, and initially as open as possible rather than
suggesting a desired answer. This approach (the patient-
centered interviewing technique)8, 9 allows the patient to
place emphasis on those aspects of the problem that (s)he
considers most important, and to feel ‘‘listened to.’’ This
helps to build a rapport between patient and clinician and
to empower the patient; it may also elicit more infor-
mation than is obtained by enforcing a structure on the
patient’s account of events.10

In contrast to the patient’s unstructured narrative, the
clinician’s recording of the history needs to be logically
structured. There is some evidence that the use of
structured questionnaires may improve the quality of
data collection and reduce the omission of important
information.11 It may be helpful to use a printed form
with headings for the recording of the history (and
examination).

When the patient has completed telling their story of
the main complaint, it is necessary to fill in the gaps and
explore relevant symptoms in more detail by applying a
more traditional ‘‘doctor-centered’’ interviewing techni-
que, which can be structured as outlined below.

Pain history

The following aspects of the presenting painful condition
should be noted largely in the context of establishing
diagnosis.

� Location. This should be as precise as possible. It may
be helpful to ask the patient to indicate the site and
extent of the pain on a body line-drawing. In some
conditions, the diagnosis may be made with near-
certainty on the basis of this alone, for example
meralgia paresthetica. In other circumstances,
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identifying the exact location of the pain may call into
question a preconceived pain diagnosis – for example,
a patient with multiple sclerosis and unilateral leg
pain attributed to demyelinating myelopathy, but
whose pain is restricted to a single dermatome, is
more in keeping with a lumbar root lesion.

� Onset. Was this sudden, rapid, or insidious? Was
there any identifiable precipitant?

� Intensity. Most patients attending a pain clinic will
have pain that is of at least moderate intensity some
of the time. Variations in intensity are important and
duration and frequency of severe exacerbations
should be noted.

� Temporal pattern. Is the pain constant/fluctuating/
intermittent? Pain that is totally unremitting is often
neuropathic, and if it additionally varies little, and is
little influenced by anything the patient does, this
may suggest a central origin.

� Quality. For example, is the pain sharp, aching,
burning, or shooting. The patient should be
encouraged to describe what he feels rather than
applying a medical term that he may have heard (e.g.
sciatica). Shooting, electrical, or burning sensations
are characteristic of neuropathic pains, while
nociceptive pains are more likely to be described as
aching, dull, cramping, or throbbing. Some patients
have considerable difficulty describing the quality of
their pain and this is perhaps especially the case with
some neuropathic pains; in this situation, the
difficulty in finding appropriate words to describe
the pain can itself be informative.

� Current trend. Is the pain evolving in its location or
quality? Is it improving or deteriorating in intensity,
or static?

� Exacerbating/alleviating factors. This refers to pain
modifiers noticed by the patient, and not to
treatments (which are considered separately below
under Treatment history). Examples are exacerbation
of back pain by spinal movement or loading, or of a
painful extremity by light touch; or alleviation of
back pain by lying flat or placing the painful
extremity in cold water.

� One pain or more? Many patients have pain of more
that one phenotype, and/or in more than one
location, in which case all the features listed above
should be obtained for each pain. This is of practical
relevance; the patient with central poststroke pain
may also have a painful frozen shoulder on the
affected side which may be far more amenable to
successful treatment than the neurogenic component
of the pain.

The past pain history (if any) may conveniently be taken
following the history of the presenting complaint. A
previous history of pain with a similar character or
location to the current symptoms may be particularly
relevant if attributed to a serious cause.

Medical history

The medical history is important for several reasons in
the patient with chronic pain. Enquiry should initially be
made into the patient’s general health. Apart from the
value of this as a screening question to exclude serious
morbidity, patients who consider themselves generally
healthy may respond differently to a chronic pain con-
dition than those with a history of chronic ill health.12

Serious comorbidity may complicate or even contra-
indicate some pain treatment options. Particular hazards
of systemic drug treatments may be posed by seriously
impaired liver or kidney function. Some invasive treat-
ments carry greater risk in patients with an increased
bleeding tendency, either from a hemorrhagic disorder
(e.g. thrombocytopenia, hemophilia) or anticoagulant
treatment. Neuraxial nerve blocks, and some sympathetic
blocks producing large regional vasodilatation, may be
dangerous in patients with impaired cardiac reserve.
Potent opioids should be used with caution in patients
with severe chronic respiratory disease.

Many patients with diseases related or unrelated to
their painful condition will be taking drugs long term
which may potentially give rise to adverse interactions
with pain medication.

Nonpain-contingent causes of disability, e.g. some
neurological diseases, may limit attainable objectives of
physical rehabilitation.

Treatment history

This can conveniently be divided into pharmacological
treatments and other forms of treatment.

PHARMACOLOGICAL

All drug treatments for pain, present and past, should be
documented. For each drug, information about the
dosage given and duration of treatment should be sought,
as well as the effect on the pain, side effects, and (in the
case of past treatments) the reason why the drug was
discontinued. Often patients with chronic pain will be
taking drugs likely to produce dependence, especially
opioids. The specific issue of substance abuse in the
chronic pain patient is addressed in Chapter 46, Pain
management and substance misuse in the Chronic Pain
volume in this series.

Topical treatments should specifically be inquired
about, as they may be overlooked by the patient; likewise,
the patient should specifically be asked about com-
plementary and alternative treatments, such as homeo-
pathic medicines, vitamin and mineral supplements, and
also herbal remedies which the patient may erroneously
assume to be irrelevant. Many herbal medicines have
pronounced pharmacological effects and interact with
other drugs; St John’s Wort, in particular, is involved in
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numerous drug interactions among which are the
reduction in plasma levels of amitriptyline and carba-
mazepine. Some herbal medicines can also cause serious
side effects in their own right, including allergic reactions,
interference with coagulation, and hepatotoxicity.

Drugs used for reasons other than pain treatment
should be recorded. Some are of particular relevance to
the pain clinician, for example anticoagulant therapy in
patients scheduled for injection treatment. The risk of
adverse drug interactions should always be considered. It
is impossible to remember them all; the British National
Formulary (BNF) currently lists in the order of 2500
interactions, and the clinician should have ready access to
a comprehensive and regularly updated reference source
such as this. Some interactions are the result of enzyme
induction or inhibition; for example, corticosteroids
inhibit the metabolism of tricyclic antidepressants, and
carbamazepine is an enzyme inducer that reduces the
effect of coumarin anticoagulants and oral contraceptives.

The patient should be asked about allergies to drugs;
the nature of any reported adverse reaction should be
sought (many patients report allergy when in fact they
have experienced a nonimmune-mediated adverse reac-
tion, for example diarrhea following antibiotic therapy).

NONPHARMACOLOGICAL

This should include all physical therapies, with some
description of the types of treatment given including
forms of noninvasive stimulation, such as transcutaneous
electrical nerve stimulation (TENS). The question, ‘‘Have
you ever been to a pain clinic before?’’ may provide a
useful starting point for discussing these treatments.
Specific enquiry should be made as to whether the patient
has seen a physiotherapist with particular experience in
chronic pain management. Injection treatments should be
documented, with details of exactly what was done if this
is known to the patient.

Surgical procedures will probably be volunteered by
the patient but should be asked about nevertheless, and
nonpharmacological complementary and alternative
treatments, such as acupuncture, should also be noted. In
every case, the patient should be asked whether the
treatment had any beneficial effect on the pain, and
whether there were any ill effects.

The patient should also be asked whether they have
seen a psychologist regarding their pain. This inquiry
sometimes provokes a hostile response for which the
clinician should be prepared; some tact is often required
in the timing of this line of questioning, and it may be
prudent to wait until later in the interview in case the
patient raises the issue first.

Psychosocial history

This is invariably important in patients with chronic pain
of any severity and the proportion of time allocated to it

in the history-taking should reflect this. An appropriate
starting point is the patient’s personal circumstances
(Who is at home? Are you working? What is your job?).
The clinician should ask specifically about the effect of the
pain on activity and behavior – occupational, domestic,
social, recreational, and sexual – as appropriate. (S)he
should ask about effect and emotions (anxiety, depres-
sion, anger, frustration). These issues are addressed in
more depth below under Psychological pain interview,
but should at least be touched upon during the initial
interview.

PHYSICAL EXAMINATION

During the interview

The physical examination should start as soon as the
patient enters the consulting room, and continue
throughout the interview. Behaviors can be considered as
valuable physical signs in the context of the chronic pain
sufferer. Is the patient calm or agitated? Animated or ‘‘flat’’?
Does (s)he appear cheerful or sad? (If tearful at any point,
note should be made of what appears to trigger this in the
interview). Does the patient’s behavior seem appropriate?
Does the patient appear comfortable in the interview chair,
or restless? Is the patient well presented or unkempt? Does
the patient present a lucid account of events or seem dis-
tracted, confused, drowsy, or intoxicated?

What terms does the patient use to describe symp-
toms? Are they largely descriptive without undue emotive
dramatization (e.g. ‘‘It’s like having a bad toothache in
your back’’) or catastrophic (e.g. ‘‘It’s like a million wasps
stinging me’’) or attributional/medicalized (e.g. ‘‘It’s
because the surgeon operated in the wrong place’’/’’I’ve
got sciatica because the L4/5 disk is prolapsing and
compressing the nerve root’’)?

It is often informative to observe the patient’s behavior
while preparing to be examined (rising from the interview
chair, walking to and getting onto the examination couch,
etc.). Note whether there is elaborated behavior of dis-
ability or distress.

Formal physical examination

The majority of chronic pain problems presenting to pain
clinics have their origin in the musculoskeletal system and
the nervous system, and due emphasis is accordingly
given to the examination of these two systems. The scope
of the examination deemed necessary is determined partly
by the nature of the presenting problem, and partly by the
source of referral. A patient with typical postherpetic
neuralgia who is otherwise entirely well probably does not
need complete systematic examination. A patient referred
from a medical generalist in primary care should probably
undergo a comprehensive examination at first attendance;
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a more focused examination is appropriate if the patient
has been assessed by a specialist in the field of the patient’s
disorder.

CHRONIC PAIN IN DISORDERS OF THE MUSCULOSKELETAL
SYSTEM: ADDITIONAL NOTES

This group of conditions includes diseases such as rheu-
matoid arthritis and ankylosing spondylitis, which have
clear diagnostic criteria, a relatively well-understood
pathology and well-established treatments, some of which
are fairly disease-specific (e.g. gold injections for rheu-
matoid disease). These diseases are usually readily
recognized by medical generalists, reflecting their high
profile in teaching at medical school, and if referral to a
specialist is deemed necessary, this will usually be a
rheumatologist in the first instance. In contrast, condi-
tions such as nonspecific back pain and myofascial pain,
which are undoubtedly more common, receive little
attention in undergraduate medical teaching and general
medical practitioners may be less confident in the
assessment and treatment of these cases than they are with
the primary inflammatory arthropathies.

The following key questions/features apply to chronic
back/spinal pain, as follows.

Key questions in the history

� Elicit risk factors for serious spinal pathology (red
flags) (see Chapter 37, Chronic back pain in the
Chronic Pain volume in this series).

� Is the pain midline or to one side?
� Was there an initiating event?
� What factors influence the pain?
� Does the pain radiate into one or both lower limbs?
� Are there deficits of sensation/power of the lower limbs?
� What activities does the pain restrict/prevent?

Key features of the examination

The patient needs to be examined adequately undressed
and in good lighting. Remember to ask the patients’
permission to touch them before doing so, and tell them
what you intend to do before you do it.

Look for:

� stigmata of specific rheumatological disease, e.g.
osteoarthritis;

� abnormalities of posture/gait, and fixed deformity
(inspect from the back to detect scoliosis, from the
side to detect abnormality of the cervical and lumbar
lordoses and thoracic kyphosis);

� general level of fitness (muscular development,
obesity);

� scars of previous surgery;
� abnormalities of skin and subcutaneous soft tissue –

e.g. erythema ab igne from prolonged application of
local heat, loss of lumbar paraspinal muscle bulk
from disuse.

� range of movement (flexion, extension, lateral
bending, rotation). Test with patient’s hips and feet
in alignment.

� antalgic movements and distress behavior.

Feel for:

� local tenderness/swelling/heat;
� myofascial tender points.

Test additionally for:

� straight leg raise. Dorsiflexion of the foot
characteristically increases the pain of radicular
compression, as does flexing the hip with the knee
bent and then extending the knee (Lasegue’s test).
Reduced straight leg raise is generally regarded as
having high sensitivity for lumbar disk herniation but
poor specificity,13, 14 although a recent publication
suggests that both sensitivity and specificity are lower
than previously believed, and that these maneuvers
add little to the information gained from the history.15

� sacroiliac joint stressing tests for buttock pain;

It is suggested that discogenic pain is significantly corre-
lated with pain centralization on repetitive movement
testing, lumbar facet joint pain with absence of provoca-
tion when rising from sitting, and sacroiliac pain with
specific mechanical stressing.16 However, high degrees of
disability and distress may be associated with reduced
specificity of provocative tests of spinal pain and compli-
cate their interpretation (see below under Over-reaction
and related issues).17

CHRONIC PAIN IN DISORDERS OF THE NERVOUS SYSTEM:
ADDITIONAL NOTES

Chronic pain associated with disorders of the nervous
system may be nocigenic (usually musculoskeletal) or
neuropathic. The reader is referred to Chapter 24, Pain in
neurological disease in the Chronic Pain volume in this
series, for a fuller discussion of this. In addition to the
general aspects of history-taking and examination, the
clinical assessment of this group of patients should aim to
establish:

� the primary neurological diagnosis;
� whether there is a single pain phenotype or more

than one;
� for each pain phenotype, whether the pain is

nocigenic or neuropathic;
� for each neuropathic pain phenotype, whether the

lesion(s) is peripheral or central.

In some cases, the primary diagnosis will be clearly
established by the time the patient presents to the pain
clinic. In other cases it may be suspected but unproven, or
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frankly obscure. However, in every case the clinician
should seek to establish the likely cause of the pain, not
only in terms of primary diagnosis, but in terms of broad
pathophysiological mechanisms of pain generation. Some
neurological conditions, such as trigeminal neuralgia,
produce a highly stereotyped pain syndrome. Others,
such as multiple sclerosis, may give rise to a broad range
of phenotypically diverse clinical pains with a variety of
putative pain-generating mechanisms.

In the patient with an established neurological disease,
it is likely that he will have been seen by a neurologist and
undergone a thorough general neurological examination.
However, the examination may not have been closely
focused on abnormalities of sensation, which are impor-
tant in neuropathic pain.

Key questions in the history

� Is the pain in an area of sensory deficit?
� Are there elements of burning or shooting/electrical

sensations?
� Is there accompanying paresthesia or dysesthesia?

This includes Lhermitte’s phenomenon, a widely
spreading paresthesia provoked by neck flexion and
characteristic of multiple sclerosis (see Chapter 24,
Pain in neurological disease in the Chronic Pain
volume in this series).

� Are there associated abnormalities, past or present, of
altered color, temperature, or sweating, edema or
dystrophic changes?

� Is there allodynia (pain evoked by stimulation that is
normally innocuous, like light touch)?

� Is there hyperalgesia (supranormally intense perception
of stimulation that is normally painful, like pinprick)?

� Is there hyperpathia (increased somatosensory
detection threshold, with development of pain of
increasing intensity with repetitive or sustained
stimulation – this is pathognomonic of neuropathic
pain)?

� Is there an associated movement disorder?

Key features of physical examination

Look for:

� abnormalities of posture or gait;
� abnormal involuntary movement;
� focal wasting;
� local changes of color or swelling.

Feel for:

� locally altered temperature/sweating;

Test (motor) for:

� tone;
� power;
� reflexes.

Test (sensory) for:

� light touch – deficit/allodynia;
� warm/cool – deficit/allodynia;
� pinprick – deficit/hyperalgesia;
� proprioception/vibration;
� movement- or pressure-evoked sensation (if

appropriate to presentation) – e.g. Tinel’s test
(paresthesia in the hand/fingers provoked by
percussion over the median nerve at the wrist in
carpal tunnel syndrome).

Full quantitative sensory testing utilizes specialized tech-
niques and is not part of routine physical examination.
However, some basic equipment for semi-quantitative
sensory testing (von Frey filaments, constant temperature
rollers for non-noxious warm and cold) can be considered
routine clinical tools in this group of patients and are
valuable assets in assessing both sensory deficits and
hypersensitivity phenomena.

OVER-REACTION AND RELATED ISSUES

Much emphasis has been placed on some aspects of
behavior in chronic pain patients which are commonly
cited as evidence of either a psychogenic basis of the pain,
conscious symptom exaggeration, or even frank mal-
ingering. As a general rule, these conclusions are not
justified. However, they may usefully draw attention to
the probability of prominent psychosocial issues.

Examples of the types of presentation and behavior
liable to make this sort of impression on the attending
clinician are:

� ‘‘accoutrements of disability’’ without an obvious
objective need – crutches, dark glasses, wheelchair, etc;

� florid displays of distress during the history-taking
and (especially) examination – wincing, groaning,
and slow, antalgic movement;

� ‘‘nonorganic signs,’’ such as those cited by Waddell
and colleagues.18 These are grouped into the
following categories:
– tenderness – e.g. widespread superficial tenderness

to light palpation over the lumbar spine;
– simulation, e.g. ‘‘rotating’’ the spine with the

shoulders and pelvis remaining in the same plane;
– distraction, e.g. wide disparity between sitting and

supine straight leg raise;
– regional disturbance, e.g. ‘‘give way’’ weakness or

nondermatomal sensory loss.
– over-reaction, e.g. slow movement, grimacing, and

sighing.

It should be emphasized that Waddell’s signs are indica-
tors of distress, not evidence of malingering or absence of
a genuine cause for the pain.
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PSYCHOLOGICAL PAIN INTERVIEW

As with the taking of the medical history, there are
multiple objectives involved in the psychological pain
interview. Obviously one is attempting to obtain clear,
factual information relating to the patient’s pain history –
what was done, when, by whom, and to what outcome.
However, it is more than that. As was noted above,
patients have a need to ‘‘tell their story’’ and allowing
them to do that tends to lead to better outcomes.19 The
psychological pain interview should also gain an under-
standing of how the patient understands his or her pain –
to find out how they think about the problem which has
brought them to your office. This may involve the ver-
balization of thoughts and understandings which have
hitherto been only implicit, never been made public
before, even to the speaker. Finally, unlike the medical
assessment, the psychological pain interview is also often
the first step in a process of engagement in a treatment
model which is unfamiliar at best. The challenge is to
achieve all of these objectives in the time limitation that
all clinicians observe – no easy task.

How one goes about the psychological pain interview
also depends to some extent upon the basis on which it is
conducted. It might be the second or third in a series of
assessments that the patient has been through in the one
visit, having been seen by the pain specialist and perhaps a
physiotherapist or nurse, prior to a team case conference. It
might be an assessment that has followed from a referral
from the pain specialist who has been treating the patient
from within the same service, in the same building, with
ready access to shared notes and ‘‘corridor case discus-
sions.’’ Or the assessment might be a stand-alone affair, the
result of a referral from one practitioner to another
working in physically and organizationally disparate ser-
vices. Generally speaking, the more remote one is from the
interdisciplinary team assessment format, the more reliant
one is upon information obtained from the psychological
assessment in order to generate a treatment formulation.

The interview is also shaped to some extent by the
amount of information obtained from psychometric
assessment as part of the assessment process. The more
extensive the questionnaire battery, the more latitude
there is in the interview to explore areas in greater detail.
See Chapter 9, Chronic pain, impairment, and disability;
Chapter 10, The psychological assessment of pain in
patients with chronic pain; Chapter 14, Outcome mea-
surement in chronic pain in the Chronic Pain volume in
this series; and Chapter 3, Selecting and applying pain
measures for a full discussion of self-report assessment
instruments in chronic pain. Inclusion of the partner is an
invaluable aid to the assessment process, as this offers
the opportunity of obtaining a different perspective on
the patient’s coping ability, a second interpretation of the
impact of pain on family life, and a chance to observe
directly some of the behavioral interactions known to
maintain pain-related disability.20

Content

There is often cause for concern when clinicians are car-
rying out sequential interdisciplinary assessments that
patients are being asked the same questions by each team
member. While there is obviously the potential for
redundancy and a loss of rapport with the patient (‘‘I
already told the last guy all of this!’’), judicious use of
common questioning can be valuable. Occasionally a sec-
ond prompt helps a patient to recall information that they
had forgotten or neglected to give the first time. It may also
be that with greater trust or rapport with one clinician, the
patient feels more comfortable to divulge information.
Inconsistent responses to the same kinds of questions can
also alert the clinical team to a patient who is not giving
honest answers to unambiguous questions. Finally, most
patients with chronic pain will expect to be asked questions
about pain modulators, treatments undertaken, and so on.
Covering this familiar territory early on can help to build
rapport, particularly with patients who may be skeptical if
not overtly hostile about the role of a clinical psychologist
in the pain treatment team.

There is no definitive set of questions that should
comprise the psychological interview. However, the fol-
lowing topic areas represent a broad set of categories for
exploration in conjunction with the medical history. The
clinical psychologist may also need to begin the interview
with a brief explanation of the nature of pain psychology.
It can be worthwhile to state openly that the purpose of
the assessment is not to expose the underlying psycho-
logical causes of pain, but to explore how the persistent
pain problem has impacted upon various life areas (as it
so often does), so that optimum treatment plans can be
developed. It can also be useful at the outset to invite the
patient to change position during the interview (stand,
lean against the wall, pace the room), rather than con-
tinue sitting in discomfort. Not only does this invitation
help to build rapport, it is a tacit acceptance of the reality
of the patient’s pain.

PAIN HISTORY

Information about the onset of the pain, diurnal varia-
tions, modulators of pain, and in particular what the
patient does (and does not do) in response to pain flare-
ups, are important and expected components of the
assessment. In particular, the pain psychologist should
be looking for behavioral contingencies that may be
influencing disability, such as positive or negative
reinforcement for pain behavior.21

Past treatment, current treatments, and expectations of
future treatment should be assessed. Use of pain medi-
cations, their perceived benefits and any identified side
effects should be noted. Alcohol and other drug use
(especially marijuana) are important to assess, as this
information may not be freely offered, but may impact
upon treatment significantly.
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UNDERSTANDING OF PAIN MECHANISMS

Both the patient and the partner should be asked ques-
tions such as ‘‘Why do you think that this pain has
persisted X months/years after it originally started?’’
Concerns about undetected but sinister disease processes
are particularly important.

Beliefs about the risk of further damage through nor-
mal movement and gentle exercise should also be elicited,
as any physical therapy that is proposed will need to be
accommodated in this.

DAILY ROUTINE

Time to bed, time out of bed, the elements of a typical day
and evening, and how the current routine compares to
premorbid activity levels are important. For the non-
working patient who describes his or her day as ‘‘just
pottering about at home,’’ several key follow-up questions
include: How many household chores are still your
responsibility? Other than to attend medical appoint-
ments, how often do you leave the house? How much
time during the typical day do you spend lying down?

WORK

A brief vocational history provides useful information not
only about the impact of pain on psychosocial func-
tioning, but also about the patient’s expectations and
beliefs. Determining the educational level obtained, the
type of work being done at the time of injury, whether
work was sustained or discontinued because of pain,
attempts to return to work and their outcome, and future
expectations for work are important assessment ques-
tions.22 In particular, for patients in receipt of financial
support for not working, a careful exploration of the
incentives for returning to work should be made.

IMPACT OF PAIN ON FAMILY LIFE

Following on from the above, specific inquiry should be
made as to how roles within the family have changed
since the onset of the pain and how the family has
adjusted to those changes.23 What does the spouse do
more of now, as well as less of now, because of pain? How
has communication changed within the relationship?
What about intimacy – not just sexual activity, but phy-
sical and emotional closeness? Clearly, the responses given
to these questions must be interpreted in the context of
the premorbid relationship quality.

PSYCHOLOGICAL DISORDERS

By leaving direct questioning about depression, anxiety,
and other psychological disorders until relatively late in
the interview, the clinician has had a chance to build
enough trust and rapport with the patient to obtain

unguarded responses. Screening for current mood dis-
orders, as well as obtaining a history of mental health, is
important for treatment planning. It is often useful to
find out about previous exposure to psychological or
psychiatric treatment, as negative personal experiences of
such treatment can create significant barriers to engaging
in any future intervention. Further discussion of the
issues concerning the assessment of psychopathology in
the context of chronic pain is given in Chapter 13, Psy-
chological effects of chronic pain: an overview in the
Chronic Pain volume in this series, as well as Chapter 3,
Selecting and applying pain measures.

SOCIAL HISTORY

A brief childhood and family history can shed light on
developmental issues which may be relevant for future
treatment – for example, a family history of depression,
childhood abuse or neglect, attention deficit disorder, or
other early psychobehavioral disorders, even family
responses to illness during childhood, may all be fruitful
areas for evaluation.

INTERPERSONAL SKILLS

The pain psychology assessment is not concerned solely
with analyzing information given by the patient, but with
how that information is given. Displays of pain behavior
should of course be noted, but the careful clinician will try
to observe when those behaviors occur to determine
whether patterns can be detected. They may happen during
discussion of more emotionally challenging topics, or after
a prolonged period of immobility, or at the beginning of
the interview, but not towards the end. Attention should
also be paid to the patient’s communication skills as these
might shed light on any relationship difficulties discussed,
or need to be taken into account when considering a
group-based treatment program.

As a final point, by definition, taking a history is an
exercise in retrospection – what happened, when, and
why. However, the first contact with a pain psychologist is
often the starting point to a new treatment direction. The
assessment often marks the ending of medical efforts to
find sustainable pain relief, and the beginning of a self-
management model of pain – which might be an entirely
foreign concept to the patient. For this reason, the
emphasis in the assessment should err on the future
rather than retelling the past. The clinician really wants to
know what the patient thinks about where to go next,
rather than where he or she has been before.

CONCLUSIONS

Skilled history-taking and physical examination are
important in the assessment of the chronic pain patient;
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however, there are some differences of emphasis between
the main objectives of history-taking and examination in
these patients compared with most primary medical
specialties. Patient-, as well as doctor-centered inter-
viewing is desirable for optimum gathering of informa-
tion and for establishing a productive clinician–patient
relationship.
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KEY LEARNING POINTS

� Pain is a complex and multifaceted experience that is

affected by sensory, emotional, physiological, and

environmental factors, as well as past experiences. Only

the person experiencing the pain can accurately

indicate its intensity.
� Appropriate pain assessment relies on an appreciation

of its complex nature and only measures with proven

reliability and validity should be used.
� Simple assessment tools can be easy and quick to use,

while more complex assessment tools may be more

sensitive and provide more information about the pain

experience.
� Visual analog scales, verbal rating scales, and numerical

rating scales are reliable and valid measures of pain

intensity, although each has limitations. Current

consensus statements recommend that an 11-point

numerical rating scale be used to rate average pain.
� Questionnaire measures may take into account the

various dimensions of pain, but can be complex for the

patient to use and the clinician to score.
� Regardless of the pain assessment tool used, it is

important to be aware of the degree of change on that

scale that is clinically meaningful, or analysis of the

results will be of little value. While individual patients

will differ in what they define as clinically meaningful,

it appears that a pain reduction of 30–50 percent is

sufficient for the majority of pain sufferers.

INTRODUCTION

The measurement of pain intensity is essential in health
care. The experience of pain is exceedingly common, with
one recent study indicating that 83 percent of patients
presenting to emergency departments report the experi-
ence of significant pain,1 and arguments have been made
that this aspect of patient care has been neglected.2

Accurate and appropriate pain assessment offers many

potential advantages. First, if pain is not assessed, it is not
likely that it will be appropriately treated. Second, the
specific characteristics of pain, such as its intensity,
quality, and impact, may be useful in determining the
type of treatment offered. Third, in many settings, pain
intensity is an important indicator of treatment efficacy,
in conjunction with measures of functioning. Fourth,
qualitative and temporal features of pain may have a
diagnostic value. Finally, pain and suffering are often



inexorably linked – appropriate treatment of pain may
significantly reduce the suffering of the individual in
pain. There is no doubt that this is an important area to
consider in most, if not all, healthcare settings.

Although the importance of pain measurement in
health care is obvious, it must be carried out with care.
Pain is an extremely complex experience. It is a private
internal event which cannot be directly observed by
others. It is widely accepted that the rating of pain should
be carried out by the pain sufferer whenever possible,
since observers cannot accurately assess the feelings of
another person and inaccurate judgments are therefore
likely. It appears that healthcare providers, in particular,
tend to underestimate the severity of pain in comparison
to ratings made by sufferers of both acute and chronic
pain.3, 4 Furthermore, although historical views of pain
intensity have tended to view it purely as nociception, an
overwhelming amount of evidence suggests that the pain
experience is an amalgamation of nociception, emotion,
cognition, environment, and prior learning.5, 6 Therefore,
any assessment of pain must take this complexity into
account if the assessment itself is to be of value.

Accurate and appropriate pain measurement is also
made more difficult by the fact that pain is a construct,
like depression, anxiety, and intelligence.7, 8 Constructs
are best understood as descriptive terms that categorize
related groups of observations. The constructs themselves
cannot be directly assessed, but the related observations
can be, particularly when they co-occur or are related to
one another in a fairly predicable fashion. The various
components that comprise pain can be considered to be
its intensity, quality, and impact on emotional, social, and
physical functioning.6 Intensity may be defined as how
much a pain ‘‘hurts’’ or how severe it is in relation to
certain defined anchor points. Quality ratings tend to be
more concerned with other aspects of the pain experience,
such as affective or sensory qualities. Finally, impact on
functioning can be assessed by determining how pain
interferes with normal ‘‘everyday’’ activities or how it
relates to symptoms of psychological distress.

The purpose of this chapter is to provide a compre-
hensive review of pain measurement. We will focus on
psychometrically sound assessment methods and will
include a discussion of pain measurement in those who
may not be able to appropriately utilize the standard
approaches. Our hope is that this chapter will be of direct
assistance in the clinic by providing a concise and up-to-
date reference. The interested reader is also encouraged to
consult Chapter 3, Selecting and applying pain measures
for a conceptual discussion of assessment.

FACTORS AFFECTING THE PERCEPTION OF
PAIN

It is a common belief that the intensity of pain is closely, if
not directly, related to the extent of injury. This belief is

grossly untrue since pain and suffering are more closely
associated with the meaning of pain and psychosocial
factors, including learning history. For example, Bee-
cher’s9, 10 classic observations clearly illustrate that pain
intensity and severity of injury can vary independent of
one another, findings which have been replicated many
times in that similar acute or chronic pain experiences are
often associated with a wide variety of pain intensity
ratings.

While injury severity or degree of tissue damage is not
consistently related to pain ratings, there are a number of
other factors that have consistent relations. This topic is
covered in detail in Chapter 9, Chronic pain, impairment,
and disability; Chapter 10, The psychological assessment
of pain in patients with chronic pain; and Chapter 13,
Psychological effects of chronic pain: an overview, in the
Chronic Pain volume of this series. It seems prudent,
however, to at least discuss this issue briefly in the present
chapter as well, given the close relations of these factors to
pain intensity.

All things considered, demographic factors, such as
age, education, and marital status, have fairly weak rela-
tions with pain intensity ratings across studies. There are,
however, two noteable exceptions. First, men tend to have
higher pain tolerance and rate similar types of pain as less
intense in comparison to women.11 There may be several
reasons for this discrepancy, including differences in
learning histories, as well as psychological, social, and
biological factors.11, 12 Second, there is a moderate
amount of evidence that white people tend to rate pain
experiences as less intense and less distressing in com-
parison to other ethnicities, particularly black and His-
panic individuals.13, 14, 15, 16 Perhaps most concerning,
several studies have found evidence of disparities among
the ethnicities in access to pain treatment (see Cintron
and Morrison17 for a review).

Across studies, settings, and populations, psychosocial
factors are the strongest predictors of pain. The most
studied emotional experiences include depression and
anxiety (including anxiety specific to pain), although
anger has been the subject of study as well.18, 19 In general,
as these emotional experiences worsen, pain ratings are
higher (see Chapter 10, The psychological assessment of
pain in patients with chronic pain; Chapter 13, Psycho-
logical effects of chronic pain: an overview; and Chapter
36, Neck pain and whiplash, in the Chronic Pain volume
of this series for a more detailed treatment of this
subject).

Other factors which may influence the perception, and
therefore the assessment, of pain are climatic conditions
and time of day when the measurement is carried out.
Patients suffering from chronic pain often have exacer-
bations of their symptoms as the weather changes. Many
of these observations have been reflected in folklore – e.g.
‘‘aches and pains, coming rains.’’20 The most frequently
reported meteorological factors which alter pain com-
plaint are temperature and humidity. These weather
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conditions alter pain perception mostly in disorders
involving joints, muscles, and postoperative scars.21 Most
patients are aware of a fluctuation in pain intensity
according to the time of day.22 Those patients who do not
convey regular trends of pain intensity throughout the
day also report significantly higher ratings of emotional
stress. Ideally, patients should rate their pain at the same
time of day. There is no control over climatic conditions
but the observer should be aware that it may affect pain
scores.

THE MEMORY OF PAIN

The ability to remember pain is needed to create an
upper anchor point for most pain intensity scales. The
ability to recall pain intensity for up to one week is fairly
accurate, with correlations generally in the range of
0.90.22, 23, 24 After several weeks, recall continues to be
strongly related to its original value, although it can vary
according to a number of factors, including ‘‘status’’ of
assessor (i.e. ratings made to research assistants were 86
percent higher than those made to treating physician two
weeks after a procedure25), consistency of pain episodes
(i.e. recall of episodic pain is less accurate than more
consistent pain26), variability in pain intensity (i.e.
recall of more variable pain is less accurate27), and
whether or not current pain complaints are present.28

Furthermore, within individual variability appears
greater than if recall data are collapsed across indivi-
duals,29 thus caution should be used when asking
individuals to make ratings about pain episodes that are
more temporally distant. Based on the results of these
and other studies, it seems prudent to restrict time
frames for recalled pain to a period of several weeks,
perhaps as long as a month, in order to increase
reliability and validity of measurements.

In addition to the issues inherent in recalled pain
intensity, memory for the specific qualities of the pain
and the patient’s mood at the time of pain is less accurate
than for intensity when assessed after several weeks.30 A
high affect, such as anxiety at the time of initial regis-
tration of pain, is thought to interfere with recall and
results in an exaggerated memory of pain intensity.31

Further episodes of acute pain may also interfere with
accurate recall. In the chronic pain situation, the current
level of pain and mood influences the accuracy of
remembered pain, for example patients with lower levels
of pain at the moment of recall tend to underestimate
their past pain levels and vice versa.32 There is strong
evidence for a post-pain modulation phenomenon, in
which cognitive processes influence both pain recall and
future pain report.33 Attempts to assess pain by longer-
term recall is therefore not recommended since it may be
inaccurate both in intensity and quality – contemporary
pain scores are much more appropriate and less prone to
error.

SCALES USED TO RATE PAIN INTENSITY

The most frequently assessed dimension of pain is its
intensity. Although the concept is readily understood by
patients, intensity is best considered as a complex mea-
sure of nocioception, pain quality, and pain history, as
well as aspects of emotional functioning and current
environment, as each of these factors seems to have an
influence. Any single rating of pain is best considered
within this multidimensional framework. Although pain
ratings are most frequently carried out verbally or in
writing, emerging evidence supports the use of electronic
and computerized assessment methods as well.34, 35, 36, 37

Typically used single ratings of pain include the
numerical rating scale (NRS), verbal rating scale (VRS),
visual analog scale (VAS), and faces rating scale, each of
which is outlined in the following. These relatively simple,
often single item measures are easy to administer, brief to
complete, and have all been used effectively in clinical and
research settings. Therefore, it is likely that any of them will
work in most settings, allowing test selection to be made
based on the information that is being sought and specific
characteristics of the population being sampled. Regardless
of the type of scale used, however, it is important to
consider the descriptive terms that are used as the anchor
points, particularly for the maximal anchor. A series of
studies have suggested that descriptors used as anchor
points can have an effect on pain ratings38, 39, 40 and it is
recommended that anchor points be consistent between
patients, with descriptors such as ‘‘no pain’’ or ‘‘pain at its
least’’ be used at the lower end of the scale and ‘‘pain as bad
as you can imagine’’ or ‘‘worst pain possible’’ at the higher
end.6 In particular, one study found that ‘‘worst pain
imaginable’’ as the maximal anchor produced the most
normally distributed sample of scores.41 Furthermore,
the ratings obtained by individual measures do not
appear interchangeable with one another,42 which makes
comparions among them difficult and best avoided.

Numerical rating scales

The NRS is one of the most convenient ways of deter-
mining pain intensity and has proven reliability
and validity.7, 43 NRSs have demonstrated positive and
significant correlations with other measures of pain
intensity.7, 44 The recent statement from the Initiative
on Methods, Measurement, and Pain Assessment
(IMMPACT)43 recommended the use of an 11-point (i.e.
0–10) NRS as a key outcome measure for clinical trials
and this recommendation also seems sensible for use in
clinical applications. This committee also recommended
that the time frame for the pain rating should be over the
past 24 hours or past seven days, whichever is most
appropriate. It is potentially useful to obtain ratings of
current, average pain (over past 24 hours/seven days/etc.),
highest, and lowest pain as well. A recent study by
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Nicholas and collagues45 provided normative data on a
large sample of pain sufferers (n= 4250). Within this
sample, mean average pain intensity over the past week
was 6.4 (SD= 2.1) with means of 6.2 (SD= 2.0) for men
and 6.5 (SD= 2.1) for women.

Although it is possible to use additional numbers on
an NRS (e.g. 101 point scale), it is not clear that they offer
greater utility. At least one study has shown that most
patients use a 101-point NRS as though pain intensity
changed in steps of 10 units, i.e. they treated the scale as
though there were 11 points.44 This phenomenon is
particularly likely to occur if the patient gives a verbal
indication of pain intensity rather than marking the scale
themselves. It seems that little information is lost by using
an 11-point NRS over a 101-point scale. A similar finding
seems apparent in scales that are composed of fewer
numbers (i.e. seven or fewer), as sensitivity can be
reduced to the extent that it is difficult to detect the mean
change in an actively treated group compared to a placebo
group.7, 33 It is important to note that the specific num-
bers used in these scales may not refer strictly to rank
order but they may also possess ratio properties, i.e. a
change from 6 to 3 indicates a reduction in pain which
equates to a 50 percent reduction in pain intensity.7, 46

Verbal rating scales

A VRS contains lists of adjectives reflecting various levels
or categories of pain intensity from no pain through to
the most intense pain possible. There should be a suffi-
cient number of adjectives to permit the patient to express
a graded range of pain intensities. Patients are asked to
read over the list of words and choose the one best
describing their pain intensity. Like the NRSs, the VRS is
simple and fast to use and may use four or more words
(e.g. none, mild, moderate, severe).47, 48, 49 It suffers from
similar problems as the NRS. The magnitude of change
between any two points on the scale cannot be assumed to
be the same, i.e. the extent of the difference between mild
and moderate pain cannot be interpreted as the same as
that between moderate and severe pain. In addition,
each patient will interpret the difference between any two
specific adjectives differently. Since the gradations of
pain intensity vary between adjectives, the VRS does not
possess any ratio properties.50

The recent IMMPACT statement6 recommended that a
VRS composed of four descriptors (i.e. none, mild,
moderate, severe) is likely sufficient for most settings. In
addition, given that similar VRSs have been used in a
variety of clinical studies, use of this measure can allow
cross-study comparisons.

Visual analog scales

A VAS consists of a line labeled at either end with the
extremes of the feeling to be measured. The patient is

asked to make a mark or otherwise indicate which point
along the scale best represents their pain intensity. If there
is any difficulty in understanding the concept this may be
overcome by describing the scale in terms of a thermo-
meter indicating pain intensity, which gradually changes
from no pain to worst pain possible. In general, line
length is 100mm. Pain intensity is scored numerically as
the distance in millimeters from zero. This type of scale
has the advantages of being fast, sensitive to small changes
and the data can be analyzed relatively easily. The VAS was
originally employed in 1923 for educational purposes but
was not widely used for pain assessment until the 1960s.51,
52 It is considered an excellent communication bridge
between patient and observer and avoids some of the
problems which arise through the use of categorical
scales, since the scale is continuous. Perhaps the primary
drawback of the VAS is that it usually demonstrates more
missing or incomplete data in comparison to NRS mea-
sures.7 Furthermore, difficulty completing VAS measures
is associated with analgesic intake and older age.7, 53, 54

The VAS may be vertical or horizontal with the lowest
ratings located on the bottom and left sides, respectively
(see Figure 2.1). The use of graduations, numbers, or
words along the line is inappropriate, since it causes
clustering of results around these points, interfering with
what would otherwise be an even distribution.55 It could
be argued that the use of any marks or words along a VAS
renders it a categorical scale. It is essential that the same
type and orientation of scale is used throughout any series
of measurements, otherwise the variation in measurement
method may no longer render the results suitable for
meaningful scrutiny. Care must be taken when reprodu-
cing these scales since photocopying can result in changes
in the size of the scale.48 Although the overall change in
scale size may appear insignificant, it can lead to erro-
neous measures, especially if some of the pain scores are
small.

The VAS has been used very widely over the last few
decades in research associated with all types of pain. It has
been shown to be reliable, valid, and internally consistent.
This consistency does not alter as a function of pain
intensity or time. The VAS is considered to have ratio
properties inferring that the changes throughout the scale
are accepted by the patient in a continuous manner, i.e. it
may be assumed that a drop in pain intensity from 50 to
25mm is a 50 percent reduction in pain.50

Pain measurement by pictures and toys

Pictorial pain rating scales frequently use diagrams of
facial expression ranging from an appearance of being
content to extreme distress56 (see Figure 2.2). The Faces
Pain Scale-Revised (FPS-R) utilizes a six-face scale.57 Its
validity is supported by a strong positive correlation with
the VAS and also conforms closely to linear interval scales.
The pictures are ranked and assigned a score. Patients are
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asked to indicate which picture best indicates their pain
experience, the number associated with the chosen pic-
ture being the pain score. The main advantage of this type
of scale over others is that the patient does not need to be
literate but in other respects it has limitations similar to
the NRSs or VRSs.

Toys and other pictorial methods have been success-
fully used to assess pain intensity in children. Most of
these devices are modifications of the VAS (see Figure
2.3). Some observers prefer to use a neutral facial
expression rather than one of contentment to convey the
absence of pain. They therefore have the advantages of a
continuously variable scale combined with the ease of
communication with nonliterate patients. In its simplest
form, neither the visual analog toy nor the faces scale

differentiates between pain intensity and the reaction to
pain. One device, however, incorporates a colored analog
scale to assess intensity and a facial affective scale to assess
the aversive component of pain.58 Test–retest data suggest
that there is good rank ordering of the faces in association
with pain in children.

PAIN ASSESSMENT BY QUESTIONNAIRE

The McGill Pain Questionnaire

Perhaps one of the most widely used composite measures
of the qualitative and quantative experience of pain is the

Worst pain 
possible

Worst pain
possible

No pain

No pain

None Mild Moderate Severe Pain

10987654210 3

Figure 2.1 Different types of visual analog

scale. The upper scale is the preferred type

since it leads to a relatively even distribution

of results along the line. Clustering of results

around chosen words or preferred numbers

may occur with the other two scales.

Figure 2.2 (a) The Faces Pain Scale. (b) The Faces Pain Scale – revised. The faces are ranked from no pain on the extreme left (pain

score 0), through to severe pain on the extreme right (pain score 6). Part (a) redrawn 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, and part (b) redrawn 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, with permission from

IASP.
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McGill Pain Questionnaire (MPQ)59 (see Figure 2.4). The
MPQ consists of 78 words describing pain in sensory,
affective, and evaluative terms. The sensory part of the
questionnaire uses words describing the quality of the
pain (e.g. throbbing, burning, or aching). These words
have been arranged in groups each with similar sensory
qualities and ranked according to their intensity. Affective
words such as tiring, sickening, and frightful, together
with evaluative words like annoying and troublesome are
also arranged in groups and ranked. A miscellaneous
group of sensory adjectives are also included. A six-point
VRS for pain intensity is also included. A numerical score
for the sensory, affective, and evaluative components of
pain can now be obtained by adding the scores for the
ranked words chosen in each subclass.

The MPQ has demonstrated itself to be reliable, valid,
and temporally consistent across a multitude of studies
and is available in at least 19 different languages (see
Melzack and Katz47 for a review). In general, the ques-
tionnaire is to be completed in a pen-and-paper format. It
can be administered verbally, although at least one study
has found that this method is associated with higher pain
ratings.60 Completion time is brief, estimated to be 5–15
minutes.47

A more concise form of the MPQ was introduced in
1987, the short-form McGill pain questionnaire (SF-
MPQ). The measure consists of 15 descriptors (11 sensory
and four affective), each of which is rated on an intensity
scale from 0 (‘‘none’’) to 3 (‘‘severe’’) (Figure 2.5).61

Three pain scores are derived from the sum of the ranked
values obtained from the chosen descriptors – sensory,
affective, and total. A VAS and a present pain intensity
scale are also included within the SF-MPQ. These permit
sensitivity of pain intensity measurement to be combined
with qualitative information within a questionnaire,
which is quicker to administer than the original MPQ.

Composite measures that include a pain
subscale

There are a number of assessment inventories available that
assess many aspects of the pain experience in
addition to pain intensity. These measures provide a viable
means of obtaining a breadth of information in a time-

efficient manner, when the use of more lengthy assessment
batteries is not practical. The measures reviewed each have
evidence of acceptable reliability and validity.

Brief pain inventory

The Brief Pain Inventory (BPI) was originally developed
to assess cancer pain but its use can be extended to
evaluate chronic nonmalignant pain.62, 63 Much like the
MPQ, the BPI has proven utility across a broad range of
clinical settings, including chronic musculoskeletal,64, 65

neuropathic,66, 67 and procedural pain,68, 69 as well as
human immunodeficiency virus (HIV)/acquired immu-
nodeficiency syndrome (AIDS).70, 71 The BPI includes
three items measuring pain severity and quality, as well as
seven additional items assessing the interference pain has
on functioning (e.g. mood, function, sleep, interpersonal
relationships). Recent consensus statements have recom-
mended the BPI for use in clinical trials.72, 73 Finally, two
subscale scores can be computed: pain intensity and
interference from pain, although there is some evidence
for a three-factor structure (pain intensity, impact of pain
on mood, impact of pain on activity), particularly in
cancer pain.64, 74, 75

West Haven-Yale Multidimensional Pain
Inventory

In addition to pain intensity, the Multidimensional Pain
Inventory (MPI)76 assesses affect/distress, functioning in
typical activities, and spouse/partner responses to pain, as
reported by the respondent. Subscale scores are expressed
as t-scores (mean: 50, SD: 10) that are based on com-
parisons with the original normative sample of Kerns and
colleagues.76 The MPI has been widely used and is
appropriate for a range of pain conditions.77, 78 Further-
more, a series of cluster analyses that took place after the
measure’s initial validation derived a classification
scheme, allowing respondents to be categorized, for
example as ‘‘adaptive’’ or ‘‘dysfunctional’’ copers, or as
‘‘interpersonally distressed,’’ and these categories are
related to a number of measures of patient functioning.79,
80, 81 A particular strength of the MPI is its use of stan-
dardized scores and the range of domains assessed.

c

Figure 2.3 The visual analog toy. The toy depicts two facial expressions to illustrate the extremes of pain experienced. A cursor or

sliding indicator (c) is positioned by the patient between the two facial expressions to indicate current pain intensity, and the distance to

the cursor is used to estimate the pain score. Some devices have a graduated scale on the reverse side of the toy, so that the score

under the back of the cursor may be read off directly.

Chapter 2 Practical methods for pain intensity measurements ] 17



1 FLICKERING
QUIVERING
PULSING
THROBBING
BEATING
POUNDING

2 JUMPING
FLASHING
SHOOTING

3 PRICKING
BORING
DRILLING
STABBING
LANCINATING

4 SHARP
CUTTING
LACERATING

5 PINCHING
PRESSING
GNAWING
CRAMPING
CRUSHING

6 TUGGING
PULLING
WRENCHING

7 HOT
BURNING
SCALDING
SEARING

8 TINGLING
ITCHY
SMARTING
STINGING

9 DULL
SORE
HURTING
ACHING
HEAVY

10TENDER
TAUT
RASPING
SPLITTING

11 TIRING
EXHAUSTING

13 FEARFUL
FRIGHTFUL
TERRIFYING

14 PUNISHING
GRUELLING
CRUEL
VICIOUS
KILLING

15 WRETCHED
BLINDING

16 ANNOYING
TROUBLESOME
MISERABLE
INTENSE
UNBEARABLE

18 TIGHT
NUMB
DRAWING
SQUEEZING
TEARING

19 COOL
COLD
FREEZING

12 SICKENING
SUFFOCATING

17 SPREADING
RADIATING
PENETRATING
PIERCING

20 NAGGING
NAUSEATING
AGONIZING
DREADFUL
TORTURING

           PPI
0    NO PAIN
1    MILD
2    DISCOMFORTING
3    DISTRESSING
4    HORRIBLE
5    EXCRUCIATING

BRIEF
MOMENTARY
TRANSIENT

RHYTHMIC
PERIODIC
INTERMITTENT

CONTINUOUS
STEADY
CONSTANT

COMMENTS:

E = EXTERNAL I = INTERNAL

DATE TREATMENT COMPLETEDDATE FIRST TREATMENT

DATE PAIN COMMENCED

Patient's Name Date Time am/pm

McGill Pain Questionnaire

(17–20) (1–20)(1–10) (11–15) (16)
PR1: S PRI(T) PPIMEA

Figure 2.4 The McGill Pain Questionnaire. The descriptors are grouped into four categories: sensory (sections 1–10,

flickering–splitting), affective (sections 11–15, tiring–blinding), evaluative (section 16, annoying–unbearable), and miscellaneous (sections

17–20, spreading–torturing). Scoring is carried out for each category by summating the rank value of each chosen word. The rank value

is based on its position within each set of words, for example throbbing in section 1 would be given a score of 4. Scoring all sections

1–20 provides the pain rating index (PRI), whereas scoring sections 1–10 and 11–15 separately permits an estimate of the sensory and

affective components of pain independently. Present pain intensity is determined from the six-point rating scale. Reprinted from

Melzack R. The McGill Pain Questionnaire: major properties and scoring methods. Pain. 1975; 1: 277–99, with permission.



Medical outcomes study Short-Form

The Short-Form 36 (SF-36)82 is an international standard
when it comes to the quantification of functioning. It

includes a bodily pain subscale, composed of two items
assessing pain severity and interference. In addition, the
measure includes subscales assessing physical functioning,
general health, vitality, social functioning, and mental

SHORT-FORM McGILL PAIN QUESTIONNAIRE
RONALD MELZACK

PATIENT'S NAME: DATE:

NONE MILD MODERATE SEVERE

THROBBING

SHOOTING

STABBING
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CRAMPING

GNAWING

HOT–BURNING
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PUNISHING–CRUEL

0)

0)

0)

0)

0)

0)

0)

0)

0)

0)
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0)
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0)

0)
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1)

1)

1)

1)

1)

1)
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1)
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1)
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2)
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2)
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2)

3)

3)

3)

3)

3)

3)

3)

3)

3)

3)

3)

3)

3)

3)

3)

0           NO PAIN
1           MILD
2           DISCOMFORTING
3           DISTRESSING
4           HORRIBLE
5           EXCRUCIATING

(PPI is Present Pain Intensity)

PPI

NO
PAIN

WORST
POSSIBLE
PAIN

Figure 2.5 The short-form McGill Pain Questionnaire. The descriptors are divided into two groups: sensory (throbbing-splitting) and

affective (tiring–exhausting – punishing–cruel). Scoring is carried out by summating the checked values beside the appropriate

descriptor, according to the intensity of each. The provision of a visual analog scale and a present pain intensity scale permits a more

direct estimation of pain intensity. Reprinted from the Short-Form McGill Pain Questionnaire. Pain. 1987; 30: 191-79, with permission.
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health. It was developed to be a generic measure, thus it is
not pain specific. The measure has been used in multiple
healthcare settings and has proven utility.83, 84, 85, 86

Pain Outcome Questionnaire-VA

More recently, the Veterans Administration (VA) hospitals
in the United States have developed a measure for asses-
sing outcomes following chronic pain treatment. The Pain
Outcome Questionnaire-VA (POQ-VA)87 has been the
result of this effort. Pain quality is one of the primary
domains assessed, as are emotional and physical func-
tioning. While the measure is relatively new and has been
primarily used within VA hospitals,87, 88 a slightly mod-
ified version has also been tested in other settings.89

ASSESSMENT OF PAIN AT THE EXTREMES OF
AGE

The vast majority of information on pain assessment
comes from middle-aged samples. Of course, the findings
of these studies do not necessarily extend to those who are
significantly younger or older. Empirical work in the past
two decades has increasingly focused on this area and,
although these literatures remain in need of development,
it is now possible to approach assessment of pain at the
extremes of age in a manner informed by empirical
findings.

Children

The assessment of children’s pain is a major challenge for
a number of reasons. Effective communication of pain
often involves the ability to verbally communicate. Pain
responding is affected by previous encounters with
painful stimuli, thus, individuals with shorter histories of
pain experience may respond differently. Finally, parents
or caregivers are often present when pain is being assessed
and their presence can have an affect on the assessment
process. The area of pediatric pain is fairly well established
and a full review of this area is beyond the scope of the
present chapter. There are at least two recent reviews on
the subject, which will be of use to those with a particular
interest in this area.90, 91

Pain intensity measures in younger individuals may be
carried out by using behavioral, physiological, or psy-
chological means.92 In pre-verbal or early verbal children,
behavioral and physiological indicators have been the
most widely studied and a number of psychometrically
sound instruments exist. A recent systematic on behalf of
the Pediatric IMMPACT consortium91 evaluated 20
observational pain scales and provided recommendations
for use in various pain assessment contexts. For proce-
dural pain, the Face, Legs, Arms, Cry, Consolability

(FLACC) scale93 or Children’s Hospital of Eastern
Ontario Pain Scale for ages one to seven94 were recom-
mended. For postoperative pain, the FLACC and the
Parents’ Postoperative Pain Measure95 were recom-
mended for use at hospital and home, respectively. For
critical care, the COMFORT scale96 was recommended.
For chronic pain, the authors were not able to provide
recommendations as they noted that behavioral signs of
chronic pain often change over time.

When children are more verbally proficient, estimated
to occur around the age of five,97 self-report is the pre-
ferred method of assessment.98, 99 Pictorial scales are the
most commonly used measure (e.g. FPS-R,57 the Oucher
scale100), although the single item measures commonly
used in adults (e.g. NRS, VAS) appear adequate as well.101

As is the case with adults, pain in children is understood
to be a complex construct and measuring pain intensity
alone may be inadequate and may benefit from the
inclusion of measures of the impact of pain on func-
tioning (see Eccleston et al.102 and Jordan et al.103 for a
review of relevant measures).

Older adults

The measurement of pain in older adults is also complex.
This complexity is compounded by the frequency with
which pain is experienced in this population, with some
estimates indicating that 25–50 percent of community
dwelling older adults suffer from significant pain which
interferes with functioning.104 Furthermore, as part of
the aging process, degenerative changes occur at the
receptor organs, such as Pacini’s and Meissner’s corpus-
cles.105, 106 Peripheral nerves undergo segmental demye-
lination and the degeneration which occurs within the
central nervous system leads to neurotransmitter changes
with altered sensory processing.107, 108 The ability to
tolerate deep pain is consistent through childhood and
adolescence but declines by the age of 60 years. Tolerance
to cutaneous pain becomes elevated with aging.109, 110

These changes do not seem to confer many advantages,
given the common experience of pain in older popula-
tions. Any of the pain rating scales mentioned above may
be used in the elderly but difficulties in understanding
the abstract concept of VASs seem to be particularly
prevalent in this age group,7, 53, 54 and this may result in
errors or the inability to obtain a pain measure from
some patients. In this situation it may therefore be
more appropriate to assess pain intensity with a VRS or
an NRS. The FPS-R is also a viable alternative and is
worth considering.111, 112 At least one measure of pain
has been developed that is specifically for use with older
adults, the Geriatric Pain Measure,113 a 24-item measure
of pain intensity and interference. A 12-item short form
has also recently been developed, which appears to have
retained much of the reliability and validity of the longer
version.114
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CHRONIC NONMALIGNANT PAIN

Chronic pain assessment is a complex issue. Unlike acute
pain where intensity may be altered mainly by affect
alone, behavior and mood can become a greater issue
than the pain itself. The scales mentioned earlier can be
used to measure pain intensity in chronic pain condi-
tions, but it is important that they are interpreted with
the understanding that the results are understood to be
affected by mood, beliefs, current environmental cir-
cumstances, and history. If outcome of treatment is to be
assessed in these patients, the measurement of pain
intensity alone will therefore be inadequate. A wide
variety of specialized questionnaires have been developed
for patients who suffer from chronic pain and these
incorporate scales to determine the patients’ pain beliefs,
expectations, coping skills together with analgesic use, as
well as affective and intensity measures. There are book-
length treatments of the subject of measurement selection
in chronic pain,115 as well as shorter articles and chap-
ters.116, 117 If pain intensity alone is to be evaluated, it is
preferable to perform multiple measurements over time.
As stated earlier, memory for pain is not as accurate as
contemporary ratings, so the use of a ‘‘pain diary’’ uti-
lizing categorical or analog scales at set times during the
day is a more satisfactory way of recording pain during
the day rather than estimating a daily average.

CANCER PAIN

The measurement of pain in patients with cancer can be
more difficult than in those with benign disease. Multiple
item measures of pain intensity (e.g. MPQ) are reliable,
but it is believed that there is insufficient evidence con-
cerning their validity in this type of pain.118 The BPI may
be a more appropriate tool,62 and indeed NRSs for pain
and function can be very valuable.119 Mood disturbance
and beliefs about the meaning of the pain in relation to
the illness are known to be significant predictors of per-
ceived pain intensity. Concerns about social and spiritual
matters add to the complexity. In addition to the psy-
chological distress of the cancer patient affecting pain
measurement, several differing pain problems may coexist
– for example acute nociceptive pain due to bone or
visceral carcinoma, in conjunction with neuropathic pain
from nerve root involvement. One must also bear in mind
the pain induced by investigative and therapeutic pro-
cesses which may add to any suffering. Detailed evalua-
tion of pain intensity in these situations is pivotal to
effective therapeutic decision-making.120 Regular pain
intensity measurements of each symptomatic site will
then be necessary when titrating towards optimum
analgesia, in keeping with individual patients needs. A full
assessment of the patient with cancer would not be
complete without an evaluation of all the factors which
alter pain perception as well as its intensity, but this is

beyond the scope of this chapter. Pain intensity measures
are generally carried out by one of the scales mentioned
above. The MPQ can be used during the initial assessment
since it permits evaluation of various qualities of pain.
The use of a pain diary is useful in this situation and may
even help some patients to cope with their pain. The use
of any pain rating scale in these circumstances should be
perceived to be clinically relevant by the patient, family,
and staff. Scoring by a trained observer using a 4–5 point
categorical VRS may in fact be the most appropriate.

In patients suffering from persistent pain:

� any of the scales mentioned previously may be used;
� the assessment of psychological and behavioral

factors often proves to be much more valuable than
evaluating pain intensity alone;

� simple forms of pain assessment are the most
appropriate if the patient is seriously ill or dying.

SERIAL MEASURES OF PAIN

The measurement of pain should be carried out at the
time during which it is perceived, whenever possible. A
single measurement is therefore like a ‘‘snapshot’’ of the
pain intensity and as such may not reflect the pain
experienced over a period of hours or days. A series of
measurements carried out at regular time intervals can
build up a better picture of the overall problem. The
arithmetic sum of the scores over a set time can therefore
provide an ‘‘area under the pain curve’’ against time
value, e.g. for four VAS ratings of say 75, 55, 45, and 25 at
three-hourly intervals, the sum of the VAS (SUMVAS)
would be 200 over a nine-hour period. Another method is
to determine the pain intensity difference (PID), at set
times, from the original pain score and calculate the sum
of these over a set time period, as shown in Table 2.1. A
correction factor is applied to each PID, depending on the
time difference between the current rating and the pre-
vious one – this gives a corrected ‘‘time-weighted’’ PID
and the sum of these over the set time period provides the
SPID. If pain relief is now assessed in a similar fashion the
total pain relief (TOTPAR) can be calculated, as shown in
Table 2.2.121

HANDLING AND INTERPRETING
MEASUREMENT RESULTS

Data from pain intensity measures using ranked scales
such as the VRS or the NRS may not be normally
distributed and nonparametric tests, such as the Mann–
Whitney U-test, are appropriate. The wide range of words
available through the MPQ are normally assessed by
nonparametric means although Melzack originally sug-
gested that the t-test could be used to assess differences in
mean pain scores.59 Ratio scale data such as that derived
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from the VAS, although continuously variable, should
also be tested by nonparametric means, such as the Wil-
coxon ranked-sums test or Kruskal–Wallis one-way ana-
lysis of variance. Some statisticians suggest that arcsin or
logistic transformation of the raw data leads
to increased sensitivity at the extreme ends of the scale
with a more normal distribution of results, thus making
appropriate the use of the more powerful parametric tests
such as the t-test, analysis of variance, or regression
analysis.122 Although parametric tests permit a much
more flexible and powerful analysis to be carried out than
the nonparametric methods, their power is reduced when
data come from a non-normal distribution. Tests for
normal distribution of data may be easily performed
using standard statistical programs such as SPSS.

Establishing sample sizes for research purposes can be
a difficult problem and it is often necessary to revert to
methods using expressions assuming a normal distribu-
tion. The number of patients or subjects needed for a
study will depend on the magnitude of change one wishes
to detect and the variance of the observations. This
information can be derived from previously published
work or a pilot study. Sample size to achieve 90 percent

power at the 95 percent level of statistical significance can
be estimated using the following formula:

n > 21� ðS=dÞ2 for independent samples

(where S is the standard deviation of the observed data; d
is the difference in the outcome measure to be detected,
between individuals; n is the number of subjects per
group).122 When observations are made on paired data
the same power and level of significance are achieved as
above using the formula:

n > 10:5� ðSD=dÞ2 for paired samples

(where SD is the standard deviation of the differences
within subjects; d is the difference in the outcome mea-
sure to be detected, within each individual; n is the
number of individuals, which will create pairs of obser-
vations). A power of 80 percent is calculated by replacing
21 with 15.8 and 10.5 with 7.9 in these formulae.

Determining the magnitude of a meaningful change is
of prime importance in both the clinical and research
situations. It is not only important in determining sample
size but in evaluating the efficacy of treatment. Various
ways of determining the change in magnitude which is
considered meaningful have been proposed. These cor-
respond to an approximate reduction in pain of 20 per-
cent using an NRS in moderate postoperative pain.123 An
NRS may not be considered sensitive enough to detect
supple changes, with a single category improvement on a
pain relief scale exceeding the minimal clinical sig-
nificance on a ten-point NRS.124 Using a VAS in the acute
moderate pain situation, a 27–29 percent change appears
to equate with a meaningful change.125 It is interesting to
note that healthy adults rate pain intensity cut points for
mild, moderate, and severe pain much as patients who are
in pain, using VAS or NRS respectively.125, 126 For chronic
pain, several studies have suggested that a reduction of 30
percent appears clinically meaningful for many patients,6,
127, 128, 129 although some have also used the more

Table 2.1 The handling of serial measurements of pain over a period of time.

Time (hours) Current pain score
(A)

Initial pain score
(B)

Pain intensity
difference (B-A)

Correction factor Corrected PID

0.5 2 3 1 0.5 0.5

1 1 3 2 0.5 1

2 1 3 2 1 2

3 2 3 1 1 1

4 3 3 0 1 0

Sum of pain intensity differences (SPID) 4.5

Maximum possible SPIDa 12

Percentage of maximum possible pain intensity difference rating 37.5%

aInitial pain rating � number of hours over which ratings were recorded.

Table 2.2 If pain relief is now assessed in a similar fashion the

total pain relief (TOTPAR) can be calculated.121

Time
(hours)

Current pain
Relief

Correction
factor

Corrected
score

0.5 2 0.5 1

1 3 0.5 1.5

2 3 1 3

3 2 1 2

4 1 1 1

TOTPAR 8.5

Maximum TOTPARa 12

Percentage of maximum TOTPAR 70.83%

aMaximum relief score � time in hours.
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stringent cut-point of a 50 percent reduction. Further-
more, pain reduction is only one of a myriad of poten-
tially meaningful outcomes for people with chronic pain
and reductions in pain have been shown to have fairly
weak relations with patient satisfaction with treatment.130

Contemporary recommendations have identified a num-
ber of important outcome domains identified by pain
sufferers which often include an assessment of whether
treatment has aided in the improvement of functioning
and quality of life, which may be useful additional
measures of clinical effect.6, 130, 131

CONCLUDING REMARKS

There are a variety of methods by which pain intensity
can be assessed, each having limitations and advantages.
Self-report scales have established psychometric proper-
ties and are the metric of choice whenever possible, par-
ticularly as ratings of observers tend to differ from
patients. Ratings of observers, however, may be useful in
providing adjunctive information, particularly when the
observer is a caregiver of the one in pain or has an
established history of close contact (e.g. parents). The
specific scale to be used depends to a large extent on the
setting and purposes for which it is used. A single-item
VAS may be the most appropriate for rapid assessment of
the effects of titrating analgesia in acute or hospital set-
tings, whereas a more comprehensive measure might be
most appropriate for initial assessment and treatment
selection. Regardless of the measure that is used, it seems
prudent to keep in mind the complex and multi-
dimensional nature of pain, which will affect even the
simplest of single-item pain measures.

Pain intensity measures are also a useful metric by
which to evaluate treatment effectiveness, particular those
in which pain reduction is a primary goal. When assessing
response within a single patient (across time or different
treatment), raw pain scores can be used, however, when
collapsing data across multiple patients, it is advisable to
convert scores to a ratio (e.g. a percentage change) from
the original baseline score in each individual, given that
many scales have ratio, not continuous, properties.

The vast majority of measures available were normed
on adults samples, thus care must be exercised when using
these measures with children and older individuals. There
are now a fair number of specific measures for use in
these populations and it is advised that these specific
measures be used whenever feasible.

Finally, the experience of pain is exceedingly common
and is often correctly referred to as a ubiquitous human
experience. The ability to accurately assess and interpret
pain ratings is a foundational skill for many who are
involved in health care. It is our hope that the preceding
paragraphs will be of use to those involved in this area and
will facilitate the effective treatment of those experiencing,
and all to often suffering from, significant pain.
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KEY LEARNING POINTS

� Clarity on the aims of treatment is essential before

selecting outcome measures.
� The range of available measures associated with pain

treatment is bewildering, since the effects of pain are

so far reaching.
� The choice of measures is a compromise between

content, psychometric qualities, and demands on the

responder.
� Content can be guided by defining domains of outcome;

commonly in pain management these approximate to:

– pain;

– physical functioning;
– emotional and cognitive functioning;

– social and occupational function;
– participant ratings of impact of treatment;

– other symptoms and adverse events.
� Psychometric qualities of measures must be understood

for valid interpretation.
� The psychometric properties of a measure, reliability,

validity, and sensitivity to change, are not unconditional

qualities of the measure but describe its performance in

particular conditions of population, time, and extent of

change.
� There will inevitably be important psychological

variance in outcome which is not captured by standard

measures selected.

INTRODUCTION

The range of possible measures associated with pain
treatment can be bewildering, since the effects of pain are
so far reaching. While the aims of assessment (such as
diagnosis) or treatment should determine the choice of
measures, and they certainly provide the basis, there is
still huge choice among pain-specific or general mea-
surement instruments, long-established or more recently
developed, broad scope or narrow focus. Eventually the
choice is often made pragmatically, guided by recom-
mendations from fellow clinicians, and by practical con-
siderations such as length. In this process, important
considerations may be lost, and this chapter aims to help

to address those to enable the reader to make a more
confident choice of what best suits the evaluation in hand.

The first major area is that of domains of outcome:
measures should be straightforward to interpret with
reference to the aims and methods of treatment. Many
evaluations of acute and of chronic pain problems rely
heavily or solely on pain as an outcome, even where it is
acknowledged that changing pain is not the main or sole
target of treatment. Some broad measures (such as quality
of life) appear to promise almost a panacea to measure-
ment problems, but a total score can be no more than the
sum of its constituent item scores, interpreted according
to data on its use in the real world, with all the limitations
of those data. An appreciation of the conceptual basis of



any measurement domain, and of unresolved conceptual
problems which are inevitably represented in measures
which arise from them, engenders a critical and strong
interpretation of study results.

The second major area is that of the psychometric
qualities of measures, appreciation of which provides an
aid to their interpretation. Distinguishing true from error
variance is like detecting the signal against a background
of noise, so that choosing a less noisy instrument, and
recognizing that in a different location (population) it
may pick up different noise, provides more confident
identification of the signal, such as variance due to
treatment. The section on psychometric qualities of
measures (see Quality of measures and interpretation of
their output), which is not exhaustive but covers the most
common areas of concern, also incorporates a short sec-
tion on definition of clinically significant change.

A comprehensive guide to measures requires not a
chapter but a book; two are repeatedly recommended
(Turk and Melzack1 and McDowell and Newell2), as are
the output of the Initiative on Methods, Measurement,
and Pain Assessment in Clinical Trials (IMMPACT)
project, and other chapters in these volumes (see Chapter
8, Assessment, measurement, and history in the Acute
Pain volume; Chapter 10, The psychological assessment of
pain in patients with chronic pain in the Chronic Pain
volume; Chapter 14, Outcome measurement in chronic
pain in the Chronic Pain volume; and Chapter 2, Practical
methods for pain intensity measurements).3 During the
IMMPACT initiative, 27 specialists from academia, gov-
ernmental agencies, and the pharmaceutical industry
participated in a consensus meeting and identified core
outcome domains that should be considered in clinical
trials of treatments for chronic pain. There was a con-
sensus that chronic pain clinical trials should assess out-
comes representing six core domains: (1) pain, (2)
physical functioning, (3) emotional functioning, (4)
participant ratings of improvement and satisfaction with
treatment, (5) symptoms and adverse events, and (6)
participant disposition.3 The project is important, not
least for its attempt to propose common metrics across a
wide range of treatment modalities.

There is no short answer with adequate scientific
credibility to the question of what is the ‘‘success rate’’ in
a single study of a treatment for pain. Attempts at eva-
luation require time and effort from patients, clinicians,
and researchers, and the guidelines in this chapter aim to
make their investment as productive as possible by judi-
cious choice, analysis, and interpretation of measures.

CONTENT OF MEASURES AND
CONSIDERATIONS FOR THEIR SELECTION

The outcomes to be assessed are effectively determined
by the aims of treatment, and may also be required
by methods of treatment. However, the statement of

treatment aims is often rather narrow (e.g. pain relief),
leaving implicit the associated gains which are often listed
as part of the rationale for trying to improve pain treat-
ment: mood, function, activity, overall quality of life,
greater independence in health care. For this reason, it can
be helpful to use a short checklist of outcome domains, to
ensure that relevant outcomes are covered. Most clinicians
and patients embark on treatment with multiple aims,
usually, but not necessarily, reductions in pain experience
and healthcare use, and improvements in activity levels,
mood and well-being, and physical state. Despite mutual
influence among these areas, it is not the case that
improvement in one domain implies proportional
improvements in all others. So, outcome measurement
requires attention to as many of these domains as are
targets of treatment. Measurement of associated variables,
which are not targeted by treatment but are relevant to
understanding outcome data, is worth a brief reminder,
since it is surprisingly often overlooked. For instance, in
trials of a new drug in a family with marked adverse effects
on a minority of users, data on previous use and reactions
among those in the trial sample is important.

Method of measurement

An important consideration is that of sampling method
used in the measures available. If the target of assessment
is what a person feels (symptom, mood, experience), then
it can only be sampled by self-report. If the target of
assessment is what a person does, then either self-report
or direct measurement are options. Self-report is the
common choice, as substantial practical obstacles may be
presented by prolonged observation, or difficulties in
obtaining independent sources of relevant information
(such as work or health records). This is not a problem
where the selected self-report measure is well validated, as
described below, but in some current instruments the
‘‘gold standard’’ used for validation was simply a longer-
established self-report measure, not infrequently devel-
oped using both concepts and psychometric methods
which have been superseded as our understanding
improves – perhaps a ‘‘fool’s gold’’ standard. Behavioral
measures are generally underused in the health field,
surprisingly in pain treatment where several of the major
targets of pain treatment are behavioral: increased activity
in general, return to work or other improvement in work
activities, greater independence in health care resulting in
less use of health and disability-related resources. How-
ever, self-report and observation measure separate but
related aspects of the behavior of interest; they cannot be
expected to be perfectly correlated.4, 5

Domains of outcome

One of the most frequently asked questions concerning
outcome of pain treatment, particularly in chronic pain,
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is whether there is not a single, simple measure of treat-
ment success. If there were, it would be of enormous
benefit to patients, pain treatment staff, and those who
fund treatment. But can pain treatment ever have a single
relevant outcome? Even the briefest assessment of
experimentally produced pain in healthy subjects must
address the multiple dimensions of pain. So when subjects
are clinical patients, with some degree of interference by
pain in their lives, a single outcome is inconceivable.

There are many possible ways of grouping possible
outcomes: here, the broad domains of biomedical vari-
ables, psychosocial variables, and behavior and function
are used as headings; further distinctions are made
between domains derived in a meta-analysis of cognitive-
behavioral therapy (CBT) for chronic pain in adults, also
applicable to children.6

BIOMEDICAL DOMAINS

Biomedical assessment tends to be most specific to the
symptom or problem, except for pain itself, and is covered
in Chapter 11, Assessment of the patient with neuropathic
pain and Chapter 12, Diagnostic procedures in chronic
pain, both in the Chronic Pain volume of this series. The
critical reader may wish to investigate further some of the
statements about reliability and validity and the popula-
tion/s within which those parameters were established.
Interrogation of interrater (and even intrarater) reliability
for reading x-rays and quantifying clinical examination
findings has revealed widespread shortcomings.7, 8 Some
measures of disease processes, of performance in clinical
tests, or in general use (e.g. aerobic capacity), may show
good reliability but may lack the validation and compar-
ison data that is required to render them interpretable in
pain populations, that is, they may be poor proxies for
everyday function and mobility.7 Such measures may be of
interest in their own right, or they may be used to inves-
tigate what variance they explain in the overall function of
the patient. In some cases, they belie the use of an outdated
model which attempts to predict pain from extent of
physical pathology.

Pain experience incorporates multiple dimensions of
pain, variously described. The simplest classification is
three-fold: as sensory or discriminative, affective (emo-
tional) and cognitive, and behavioral (interference), and
spans several domains of measurement. Although not
easily separable, there is good evidence for attempting to
do so in experimental and clinical settings.9 While
intensity may not change at all, the meaning of the pain
to the individual can change, and with it, behavior,
emotions, and others’ responses (see Chapter 15, Con-
textual cognitive-behavioral therapy). A single or global
pain rating represents pain dimensions in unknown
quantities, and probably in combinations which vary
between patients and across assessment contexts,
obscuring their meaning. More detailed consideration of
the advantages and disadvantages of particular pain

measurement techniques and instruments can be found
in Chapter 2, Practical methods for pain intensity
measurements.

Pain relief is at last being studied to ascertain better its
meaning to patients who use it. By far the most common
pain relief outcome criterion is 50 percent, which has
considerable face validity, provides a ratio scale for ana-
lysis, and has been refined to provide a cumulative
measure.10 However, the 50 percent criterion does not
arise from studies either of patients’ stated goals or of
changes in target behaviors in relation to pain relief, and
there are indications that in relation to behavioral change
it may be higher than necessary. For instance, a study
which compared cancer patients’ ratings of breakthrough
pain and pain relief after an analgesic with their request
for further analgesic found that nearer 30 percent pain
relief sufficed.11 While they interpret this conservatively,
since other variables affect patients’ willingness to ask for
analgesia, it suggests the need to examine pain relief cri-
teria further, and demonstrates a more patient-based
and clinically useful approach to measuring analgesic
effectiveness than is often used.

Other symptoms which are inherently unpleasant and
impact on quality of life, such as fatigue, nausea, and
numbness, may also be important to assess, particularly
in chronic illness such as cancer or where they may occur
as adverse effects of treatment. They can be measured by
the same methods as pain.

PSYCHOSOCIAL DOMAINS

Psychosocial variables include separate although often
related areas – affect, cognitive content and process, and
coping – which cannot be represented by a single mea-
sure. What the measures share is that the latent constructs
to which they refer are hypothetical, dependent on their
definitions and therefore on their theoretical origins, and
representing a late conscious phase of complex non-
conscious processes. Because most have heuristic value,
they take on a meaning beyond the limits of their defi-
nitions and origins which confounds their interpretation
(see Chapter 2, Practical methods for pain intensity
measurements). Particular examples of the over-
interpretation of constructs represented by measures
whose total can be no more than the sum of their items,
answered without reference to context or consequences,
are those of pain behavior and of coping (see below under
Behavior and activity). Assigning numbers to extent of
agreement with a statement or degrees of intensity of an
emotion does not mean that the construct is linear and
distinct from related constructs. Some of the issues of
importance to patients’ welfare may be better addressed
by sensitive open-ended questioning, responses to which
can at best be categorized.

Affect or emotion measured in pain studies includes
constructs such as depression, anxiety, anger, or, more
broadly, distress or negative and positive affect. The
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possible list of overlapping terms for emotions is a long
one, and those terms tend to draw heavily on psychiatric
and personality psychology models, where more normal
psychology, particularly cognitive psychology, probably
offers more appropriate ones. Anxiety may be more
helpfully construed in terms of worry and specific fears;
depression in terms of a distress related to impact of pain
on the patient’s life, negative view of the self, and func-
tional and physical disturbance.12, 13, 14 Positive emotion
(well-being, happiness) is often overlooked, although it
may provide better measurement of mood improvement
than depression and anxiety measures. Patients may
describe their emotions in terms such as frustration for
which there is no psychological model or measure.
For this reason, simple numerical or visual analog
ratings scales for emotions can be appropriate and are
represented in some quality of life measures.2

Like pain, emotions have no unequivocal referents for
validation: all have – and share – correlates in overt
behavior, physiology, cortical and subcortical activity.
Comparison with psychiatric diagnosis, with which the
measures share a theoretical framework, is common but
problematic. Anxiety and depression show systematic
differences from their parent constructs in psychiatry.
Generalized anxiety has proved much less relevant in
experimental and clinical pain than pain-related fear, and
several fear measures have recently been developed.13, 15

In depression or depressed mood, drawing on a psy-
chiatric model produced measures with somatic items
which, unlike in psychiatric populations, are often pre-
ferentially endorsed by patients in pain. The only mea-
sures of cognitive content (such as self-blame, guilt, sense
of punishment) and affective content (such as feeling sad,
loss of interest, feeling hopeless) without somatic items,
are the Depression, Anxiety and Stress Scale (DASS) and
the Depression, Anxiety, and Positive Outlook scale
(DAPOS).16, 17 Otherwise, interpretation of measures
should include a check on somatic item endorsement. If
the purpose is diagnosis of depressive disorder, as, for
instance, in trials of antidepressants, then psychiatric
interview is superior to self-report measures.

Cognitive measures are used to sample patients’
thinking about pain, but without an agreed model of the
mind, there is no satisfactory classification. They can be
grouped approximately into those of content, process,
and coping strategies (in measures which may also sample
behavioral strategies). Cognitive content covers beliefs,
such as those concerning control, self-efficacy, and attri-
bution, and some beliefs may also appear as the cognitive
statements in coping lists and as the cognitive content of
emotion measures. Cognitive processes, particularly biases
in appraisal and interpretation such as catastrophizing,
are central to cognitive theory of emotion, and there is
some overlap with emotion measures; for instance, the
Beck Depression Inventory (BDI) contains self-referential
appraisals.18 Cognitive strategies, such as distraction, are
also processes but over which the patient is assumed to

have greater voluntary control; however, measures may
cover both (e.g. the Coping Strategies Questionnaire
(CSQ)).19 As with emotion, effective measurement tends
toward the pain-specific, exemplified by the move from
general locus of control, which poorly predicted patients’
thinking and behavior in relation to pain, to pain-specific
appraisal (using cognitive measures of beliefs about
pain discussed above), and self-efficacy.20 Careful con-
sideration of the purpose of evaluation is needed to select
measures, and for general treatment studies, a way to
select among the many measures on offer is to examine
their validation data. Those which involve prediction of
behavior, such as adherence to treatment, or prediction of
change in variables which were not too closely related, can
be interpreted more confidently than those which provide
only concurrent validation against a similar instrument
(for these details see Refs 2, 21, 22).

Coping as a construct requires radical overhaul. It has
considerable face validity, and is part of lay discourse,
usually implying a positive means of managing. However,
negative strategies, behavioral or cognitive, may have
more important effects on the individual’s life. The labels
positive and negative are in themselves problematic, in
that the efficacy of a coping strategy depends on its
appropriateness to the problem and to the context, and
on the short- and long-term outcome (not necessarily the
same) for the individual patient, information which is
difficult to collect. In its place, checklists use general-
izations to classify strategies, relying on characteristics
which may lack empirical support, of which active/passive
is the most common. Any strategy – seeking social sup-
port, attempting distraction, using analgesics – can be
effective in one set of circumstances, irrelevant in another,
and disastrous in a third, thus such classifications are not
reliably agreed by researchers. Selection among existing
coping checklists, and particularly any use of inter-
pretative rather than descriptive subtotals, should be
made with these points in mind.

The concept of acceptance in pain is still in develop-
ment; concepts are already elaborated in the pain field
and measures are available.23, 24, 25

BEHAVIOR AND ACTIVITY

This broad area of assessment can be subdivided into
specific and summary measures of behavior and physical
function, by observer or by self-report; broader measures
of function, disability, and quality of life which include
some psychosocial content and which take as focus the
interference with a variety of roles and activities by
functional deficits rather than the deficits themselves; and
behaviors which are not necessarily the target of change
for the patient, but reflect societal goals and those of the
referrers and funders, such as reduction of use of health
and welfare resources. The move towards replacing
the coping construct by more specific cognitive and
behavioral constructs is welcome.
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Physical performance is an easily accessible measure in
any treatment program that includes exercise classes.
However, interpretation is more problematic, as perfor-
mance varies with psychological as well as physical
state.26 The different standard tests and various measures
only overlap partially, or not at all, in what they test,
and validation is rarely adequately addressed, making
interpretation difficult.27, 28 Thorough examination of
what influences these measures will result in clearer
recommendations.

Pain behavior presents particular problems as a
hypothetical construct defined differently by different
measuring instruments, and almost without exception,
like measures of coping, making assumptions of in/
appropriateness and in/effectiveness. The functions of
pain behavior, including decreasing disability as well as
increasing it, deliberate communication and attempts not
to communicate, and pain relief, require further
exploration before measures of pain behavior provide the
information desired. Some observational measures can
provide high reliability, and used in contexts such as
medical consultation and domestic activity with the
spouse have extended understanding, but the measures
themselves cannot incorporate context or consequences
and therefore serve poorly to describe treatment outcome.
Pain behaviors can be understood best in relation to their
communicative function.29

Within a behavioral formulation of chronic pain,
behaviors, such as limping or guarding, were theoretically
and empirically associated with greater disability and
therefore an appropriate target of treatment. Within a
cognitive behavioral framework, and with appreciation
that the association is not as straightforward as assumed,
pain behavior is less appropriate as a treatment outcome
measure. For instance, while walking with a stick or cane
may be associated with greater disability than walking
unaided, it may enable the user to be more mobile and
active than he or she would otherwise be, and thus protect
against greater disability as well as contributing to better
quality of life. Measurement of specific behaviors may
relate to processes of change: limping in relation to
mobility, groaning in relation to communication, and if
those are targets of treatment, observational pain beha-
vior scales offer means of measurement. Specific beha-
viors or functions are covered by the comments on
observed physical performance in the biomedical domain:
good reliability is often attainable, but validation is less
satisfactorily tackled for many, requiring demonstration
of a relationship with relevant everyday physical
performance.

A specific component of pain behavior, for which
detailed measurement usually requires videotaping and
training of observers, is that of facial expression of pain.
For nonverbal subjects unable to use pictorial scales,
behavioral measures of pain are the only option.30, 31

However, it is important to remember that report of one’s
own pain and another’s observation of pain-related

behavior are only weakly related.5, 32 Pain behavior may
be reported by others than the patient, particularly for
children, where general behavioral scales may be used at
home or in school as accessory measures of a child’s
distress or disturbance (see Chapter 44, Chronic pain in
children, in the Chronic Pain volume in this series). There
has been an upsurge of interest in measurement of pain in
elderly cognitively impaired adults, with several scales in
early stages of testing but none yet well enough docu-
mented to merit unconditional endorsement.33

Items concerning social support, including the quality
of intimate relationships, are rare in pain studies other
than as coping resources or pain behaviors. However, in
many areas of health, close confiding relationships pro-
mote good physical and mental health and health main-
tenance, and arguably should be better represented as
outcomes of treatments which aim towards more normal
life through pain relief or pain management.

QUALITY OF LIFE AND OTHER COMPOUND MEASURES

An important but unresolved dilemma in quality of life
measurement is how to recognize respondents’ sub-
jectivity with an objective measure.34 Quality of life and
other compound measures were intended in part to
address the desire for a single comprehensive measure,
since overall improvement in quality of life summarizes
the aims of many treatments for pain. All of the many in
use in the pain field rely on self-report, and combine
different behaviors and functions ascribed different
weightings to obtain one or more totals. Attention to
content can help selection, and Table 3.1 gives the
number of items, response options, and an impression of
the content of some of the most popular along a
rough dimension from physical to psychosocial. A
review by Wittink et al.35 of three instruments in
common use in pain studies, the Short-Form-36 (SF-36),
Multidimensional Pain Inventory (MPI), and Oswestry
Disability Index (ODI), shows both differences and
overlap in coverage. The wider the range of activities
covered by items in the measure, the more relevant are
influences other than pain and physical impairment,
such as beliefs and mood, lifestyle preferences, availability
of resources, and cultural norms. The more comprehen-
sive disability questionnaires effectively rank order the
various degrees of compromise of mobility, and suggest
goals which are observable within the clinic setting.
The narrower the range of activities included, the higher
the risk of excluding some of importance to reasonable
numbers of pain respondents. Consideration of
content affects both selection and interpretation of the
measure.

In part, the complexity of quality of life measures
reflects their multiple purposes, described by Higginson
and Carr:36 to prioritize problems, facilitate commu-
nication, screen for potential problems, identify pre-
ferences, monitor changes or response to treatment, and
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Table 3.1 Content of widely used measures of function and disability in pain.

Measure Summary Content [number of items]

More physical More psychosocial

Short form 36 of

Medical Outcomes

Study SF-3620

9 separate domains

rescaled 0–100;

age-sex norms

available

Physical

functioning

[10]

Mental health [5]

Role physical

[4]

Role emotional [3]

Bodily pain [2] Social

functioning

[2]

General health

[5]

Vitality [4]

Sickness Impact

Profile SIP21
Single total (%) or

physical and

psychosocial

separately

Ambulation [12] Emotional

behavior [9]

Body care and

movement

[23]

Alertness

behavior [10]

Mobility [10] Social interaction

[20]

Eating [9] Recreation and

pastimes [8]

Work [9]

Home

management

[10]

Communication

[9]

Sleep and rest [7]

Roland and Morris

short SIP22
Single total 0–24 Physical

function

[18]

Activity [3] Appetite [1],

Sleep

Irritability [1]

Nottingham Health

Profile NHP23
Total of domains or

‘‘profile’’

Pain [8] Emotional

reactions [9]

Physical

abilities

[8]

Sleep [5] Social isolation [5]

Energy

levels [3]

(Continued over )



Table 3.1 Content of widely used measures of function and disability in pain (continued).

Measure Summary Content [number of items]

More physical More psychosocial

Multidimensional

Pain Inventory

(MPI/WHYMPI)24

Domain totals as mean

0–6, or patient

type

Pain and pain interference including control and mood [20]

Activity [18] Spouse response

[14]

Pain Disability Index

(PDI)25
Single total 0–70 Self-care [1] Family/home

responsibilities [1]

Life-support

activity [1]

Recreation [1]

Social activity [1]

Occupation [1]

Sexual

activity [1]

Brief Pain Inventory

(BPI)26
Pain [4] General activity [1] Mood [1]

Walking ability

[1]

Normal work [1] Relationships [1]

Sleep [1] Enjoyment [1]

Oswestry [6] Low

Back Pain

Disability

Questionnaire27

Single total as % of

possible maximum

Pain intensity Personal care [6] Social life

[6]

Lifting [6] Sleeping [6]

Walking [6] Sex life [6]

Sitting [6] Travelling [6]

Standing [6]

Numbers in square brackets represent the number of questions on each content area.



train new staff. Other properties of measures which may
guide choice concern the population on which it was
developed (e.g. chronicity of the pain, specificity of the
type of pain or pain site, inclusion or not of intermittent
pain such as headache, the proportion working, the sex
ratio, age range, and similar characteristics); and the
number of response levels available, from two (yes/no) to
a 10-point or 101-point (visual analog scale (VAS)) rating
of difficulty or frequency, given the extent of change
expected.

Satisfaction ratings belong among psychosocial mea-
sures rather than those of activity and function, but are
the simplest form of a single outcome measure, and are
extensively used in audit of treatments. They constitute a
very transparent measure and are rarely adequately
tested for bias arising from the context of testing, and
are therefore unsuitable as the major or only outcome
assessment; they may bear a weak to nonexistent
relationship with other outcomes.37

Interference with social roles, such as domestic work
and employment, family involvement, and community
activity, is included in many compound measures, and it
is important not to assume that severe physical disability
necessarily restricts family or social life or even work.
However, work quality and hours may be significantly
reduced by pain even when the person with pain con-
tinues in employment.38 Independent sources of infor-
mation are available for some aspects: employment or
welfare records may provide number of workdays lost,
welfare benefits claimed, or state-provided help with
domestic and family duties. Of course, extent of state
provision varies between and within countries, and peo-
ple differ in what they attempt to manage independently,
making comparisons difficult.

THIRD PARTY-DEFINED OUTCOMES

Some questionnaires have been adapted for significant
others and others designed de novo. Overall, the assess-
ment of significant others of chronic pain patients with a
reasonable degree of confidence is possible on a number
of different dimensions including behavioral responses,
mood and perceptions of marital adjustment and
pain-related cognitions and beliefs.39 Once more, these
can be expected to give somewhat different accounts:
when proxies complete questionnaires in privacy they
may consistently under-report the burden of morbidity
compared to subjects.40

Third party-defined outcomes also describe those
identified not by patients or those close to them but by
treatment staff, treatment funders, and national policies.
Particularly those concerned with cost may override
patient-defined outcomes such as extent of improvement.
There are many stakeholders in the treatment of an
individual patient: family members, employers, work
colleagues, as well as funders, insurance companies, and

policymakers, may subscribe to diverse and even con-
flicting anticipated outcomes.41 For instance, patients
may reduce work hours or demands when the effort to
maintain employment adversely affects their lives outside
work, and while this change may improve their quality of
life and that of their families, reduction in work is usually
seen to represent a deterioration in patients’ function and
is unlikely to be the goal of treatment providers. Another
example is that of welfare provision, which may improve
the quality of life for patients and their families, but
represents a target of treatment to reduce costs to society.
Other goals, while associated with health improvement,
may be substantially determined by variables beyond the
control of patient or health carers: it is not uncommon
for patients to reach a level of function which is compa-
tible with work, but for employers to find them poor
prospects, or for the patients’ skills not to match
requirements in the local job market. Setting goals of
treatment, such as return to work, need to take this into
account.

Healthcare resources are a particularly important
outcome which may be identified by the patient and/or by
others. They can be described using a range of events
from daily drug use to surgery, or visits to primary carer
to specialist level hospital treatments. Concern over
veracity and accuracy of patients’ accounts of drugs
consumed and treatments undertaken can lead to an
overcritical approach to an area where multiple sources of
information may be examined for convergence (avail-
ability of health records permitting), and a best estimate
made. Another source of reluctance to quantify post-
treatment recourse to pain-related drugs and other health
care may be differences within the treatment team, as
there are within the pain community, about the aim of
treatment: is it abstinence from all analgesics, or from all
drugs prescribed for pain or mood, or restriction to
nonopioids? And is all further pain-related treatment
undesirable, or might a patient build on treatment gains
by individual physiotherapy or psychological therapy?
Specifying agreed goals of treatment is essential not only
for selection of measures, but also for consistent inter-
pretation of results. Similar considerations may apply as
to third party-identified outcomes: it may be that inter-
vention with health carers rather than patients is required
to achieve an outcome such as less repeated unnecessary
treatment, or adequate postoperative analgesia, or to curb
excessive opioid prescription.

Nonoutcome variables: treatment process

While considering measurement, it is worth asking whe-
ther treatment methods or processes require assessment.
In general, treatment is given with confidence that it is
what it claims to be: that relaxation is relaxing, that the
epidural analgesic is delivered epidurally, that the drug
tested in a four-week trial is taken as directed for four
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weeks, that the no treatment control group is having no
treatment. Not only does monitoring of treatment com-
ponents contribute to confidence in findings of the trial,
but can in some cases allow substudies, for instance of
dose–response relationships, of subgroup responses, or of
differences among care providers. Self-report is the most
common way of assessing adherence, but reliability and
validity are variable and often not addressed.42 There is a
tendency for the patient to overestimate adherence by
self-report, and this will often contribute to the under-
estimation of treatment effects. However, self-report
accesses beliefs and expectations which are not always
picked up by other methods. Accuracy can be affected
by time period, memory, desire to please, the wording
and skills of the interviewer, patient culture, under-
standing etc. Clear and direct questions often lead to
better accuracy.43

QUALITY OF MEASURES AND INTERPRETATION
OF THEIR OUTPUT

The psychometric properties of a measure, reliability,
validity, and sensitivity to change, are not unconditional
qualities of the measure, but describe its performance in
particular conditions of population, time, and extent of
change. This makes it relevant to consider their likeness to
those of the study for which outcome measures are
sought. Psychometric qualities of tests are established over
time. Newer tests may have better established psycho-
metric qualities; older instruments, although they have
acquired a track record, may have been tested to standards
which are now superseded. Long clinical use is no guar-
antee of reliability, as is evident from the data on many
clinical tests. Details of wording, question order, wording
and format can have surprisingly large and systematic
effects on responses: for example, different answers
may be given to open-ended questions than from
checklist or closed questions, or assumptions about
intended reference period for frequency judgments.43

Reliability

Reliability describes the extent to which the instrument
will give a consistent result, minimally affected by error,
across content, time, and observers if not the subject.
Reliability is calculated by ratio of true variance to that of
true variance plus error variance. The error variance, in
turn, is made up of systematic error plus random error,
thus minimizing both systematic and random error
improves reliability. Some random error is inevitable, but
some arises from poor wording or problematic response
categories. For instance, you might ask your patients
‘‘Can you climb stairs?’’, providing the responses ‘‘yes’’ or
‘‘no.’’ A patient who can only climb them with great
difficulty, or using a handrail, might on one occasion

decide that this qualified as yes, and on another decide
that it did not meet the questioner’s expectations and
answer no. The more specific the question and/or
response categories, the more consistent the responses.
Such concerns are beyond the needs of someone selecting
among existing tests, but are covered in texts such as
McDowell and Newell.2

Low reliability effectively wastes the efforts of mea-
surement, and erodes confidence in data obtained and in
its interpretation. A scale with poor internal consistency
can mislead. If it is measuring more than one construct,
the total becomes a complex amalgam of the constructs,
and change or difference between two totals could
represent all sorts of processes which cannot be dis-
tinguished from one another. A scale or measure with
poor test–retest reliability is responding to influences
other than changes in the construct of interest, and since
those influences are likely to vary across assessment
occasions in ways which are not observed or taken into
account, their variance is misattributed to variance in the
construct. This might equally obscure real change and
give an illusion of change where there is none: there
would be no means to identify either. A measure or
observation with poor interrater reliability is likewise
subject to substantial influences unrelated to the con-
struct of interest, and usually attributable to particular
characteristics or beliefs of the raters. Again, this is as
likely to miss real differences as to report them mis-
takenly. So how good is good enough? Reliability coeffi-
cients run from 0, where all variance is error variance, to
1.0, where there is no error variance.

Internal consistency is a measure of closeness of all
items to the underlying construct, and is usually expres-
sed as Cronbach’s alpha. It is improved by dropping items
which have a low correlation (that is, share little variance)
with the total score and with other items. The dis-
advantages of high consistency is that some of the most
interesting content may be lost, items which represented
diversity within the original development population, and
this limits applicability and generalizability. It also
explains why some widely used tests with good reliability
are rather repetitive, a fact which does not escape patients.
An alpha of 0.85 may be considered acceptable.44

Test–retest reliability, or repeatability, effectively sta-
bility over time, is often calculated by simple correlation
but better by intraclass correlation or kappa. The ideal,
assuming stability of the underlying construct, is identical
scores across time in the absence of identifiable sources of
change, as measured by intraclass correlation, rather than
identical rank order of scores across the population, as
measured by simple parametric or nonparametric corre-
lation. Of course, people do vary across time for an
infinite number of reasons, and the highest test–retest
reliability coefficients tend to occur where time between
tests is short, not infrequently 24 or 48 hours. However,
change in clinical treatments often involves time spans of
weeks, months or years, and there is often no untreated
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control group which provides repeated assessment data
over this time. However, extrapolating from a good 24-
hour test–retest reliability to good reliability over 24 days
or 12 months is wishful thinking. A good test–retest
correlation is 0.9 or more; 0.8 to 0.9 is often considered
acceptable; for kappa it is 0.6 or more.2

Interrater reliability used to be measured by bivariate
correlation, parametric or nonparametric, or by percen-
tage agreement between raters of all possible ratings.
Consensus now requires intraclass correlation or kappa,
which gives a more conservative estimate by calculating
actual agreement (not relative order) and discounting for
chance agreement by reference to the base rate of the
event of interest. Good intraclass correlation indicates
high variance in ratings due to subjects and low variance
due to raters; a high kappa indicates high level of agree-
ment between raters. Use of video allows multiple raters
to observe the same subject, and can be used for cali-
bration of raters on the same material. Iterative training
with discussion of differences and, where possible, recti-
fication of their causes can be used to attain satisfactory
levels of reliability. It cannot be assumed without such
procedures that raters are making the judgments inten-
ded. For both ICC and kappa, 0 represents no agreement
and 1 perfect agreement; Dworkin and Sherman44 suggest
that an ICC below 0.8 or kappa below 0.6 is unacceptable.

Validity

Validity identifies the extent to which a test measures
what it is intended to measure, which may be a real
quality or a hypothetical construct, and does not measure
instead, or as well, some unknown construct/s. A measure
can be reliable but lack a clear relationship with a con-
struct. For instance, there are several measures of
‘‘somatization,’’ and tests of ‘‘fibromyalgia,’’ but far from
universal agreement on what they tell us, even on the
existence of either phenomenon. Validity is estimated by
comparison of the output of the measure with its object –
the real quality or construct, or as close as possible an
approximation. A noninvasive and low risk new diag-
nostic test, for instance, can be compared with biopsy or
other findings from invasive or high risk procedures or
from longer-term outcome, and to the extent that the
data coincide, both for positive and negative results, that
diagnostic test can be said to be valid in that population.
Its validity in a population with a very different base rate
of the event/s of interest (disease, item content) would
have to be reestablished. For instance, a self-report
inventory of function developed largely on students may
be heavily weighted towards certain types of social activity
which are characteristic of young independent adult life.
This could cause decreasing validity the older the popu-
lation to which it is applied, and a fit and active 70 year
old might find little to endorse and thereby be scored as
functioning poorly.

Many tests lack such a concrete ‘‘gold standard’’ for
establishing validity. This may be because the construct
poses practical difficulties for measurement, but more
often it is hard to define and operationalize. Many of the
constructs in everyday use – fitness, health, distress,
motivation, social support – are so well understood that
it is hard to recognize that there is no agreed definition or
measurement. Tests are compiled from a wide pool of
definitions, observations, and expert opinions on the
construct, then content is narrowed until a reliable
measure is achieved. The choice of referent can be diffi-
cult and controversial, as is well exemplified by ‘‘intelli-
gence.’’ As is also the case with intelligence, what is
measured by the test (IQ) comes to be taken for the
construct itself, leading to culturally inappropriate use of
the tool, and attempts to locate the construct in the
cortex.

Construct validity is best established by using one or
more behavioral referents, but they can be difficult to
identify and/or to measure. However, measures vary
considerably in the extent to which they address this
problem, or have acquired validation over time by being
shown to predict behavior, and those which have such
data allow more confident interpretation than those
without. Details of validation are usually published with
the test, and are available in texts on measures.2, 21

Concurrent validity is an aspect of validity which is
generally the easiest to establish. The referent is an
existing measure purportedly of the same construct, and
if scores on the new measure correlate well with scores of
the same subjects on the existing measure, and this ‘‘gold
standard’’ is itself well validated, convergent validity is
established. The gold standard, constructed, tested, and
published according to norms which have been sub-
stantially improved over the intervening decades, may not
be adequate or entirely appropriate, but through passage
of time and scarcity of alternative measures has acquired
criterion status.

Divergent validity is a variant of convergent validity,
obtained by demonstrating relatively poor correlation
with measures of unlike constructs, or those for which the
new instrument might inadvertently be a proxy measure.
Careful choice is needed in order that this does not
become a superficial exercise. For example, it is important
that a measure of coping (depending on how it is defined)
is not too highly related to measures of mood, range of
activities, or social desirability of self-presentation; it
might, however, share more variance with measures of
problem-solving and confidence.

Cutpoints are a special case of validity and are often
used with little respect for their specificity to the popu-
lation in which they were derived. The subject is beyond
the scope of this chapter and is easily found in texts on
test validity; for the choice of test, the only information
required is the base rate of the problem in the original
population and the population under study.2, 44 If the
populations are substantially different, the structure of the
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measuring instrument in the new population needs to be
checked. Even where the populations are similar, some
caution needs to be exercised, in that depending on the
consistency of items within the measurement instrument,
all patients with the same score are not identical. The
number of possible combinations of items for an instru-
ment with N items is 2N. Thus, for instance, a five-item
questionnaire has 32 possible item combinations:
dichotomizing responses using a cutpoint of 3 would give
16 possible combinations of items in each category.

Sensitivity to change

Sensitivity to change, or responsiveness, is related to
validation and subject to some of the same problems. It is
estimated by comparing scores on the instrument before
and after change with a referent which is known to
indicate change, and so is a function of the measurement
instrument within population parameters. Overlooking
this and using it on sufficiently different populations
results in floor and ceiling effects before or after treatment
which can prevent calculation of change. It is increasingly
tested in new measuring instruments; sometimes estab-
lishing sensitivity to differences between a healthy and a
pain group is substituted. This can be an issue if the
treatment is not expected to bring about large changes,
and/or if the population is not expected to achieve the
healthy norm, as in many chronic pain and cancer
populations. Details of testing sensitivity to change are
beyond the range of this chapter, but can be found in texts
on measurement.2, 44

Estimating change or difference

Use of an unsuitable or unsatisfactory measure, or poor
choice of statistical test, can obscure positive or null
outcomes. Reporting an effect where none exists, type I
error, is analogous to the specificity of a test, and
reporting no effect where it exists, type II error, analogous
to sensitivity of a test.45 In clinical treatment studies,
numbers are often small and so power of tests is low, and
variance is often high (in a heterogeneous clinical popu-
lation), raising the likelihood of type II error. Although
surprisingly common even in respectable journals, the
solution is not to perform multiple tests and set a low
criterion for statistical significance (increasing the like-
lihood of type I error) and then to select the ‘‘significant’’
results according to researchers’ expectations. By contrast,
in a large and relatively homogeneous group, a mean
change in a 100mm pain VAS of 5mm will achieve sta-
tistical significance, but is likely to be considerably less
than patients hoped and clinicians intended. The sub-
stitution of statistical significance for clinical significance
is unfortunate and misses the opportunity to describe
the changes anticipated from treatment, of major interest
to readers.

Clinical significance of change can be variously defined
and calculated. The first focuses on return to a healthy or
healthier state; the second to the meaningfulness of the
change achieved; the third to the broader improvements
brought about by specific treatment. The interested reader
is referred to Kendall,46 Kazdin,45 Evans et al.,47 and
Jacobson et al.48

1. A criterion is set, by reference to healthy norms
(empirically established, as in a few self-report
instruments such as the SF-36 and in many
diagnostic tests, or no more than the local mean
such as of workdays lost through sickness), to a
proportional change agreed or argued to be
meaningful (such as the use of 50 percent pain
relief, or a doubling of distance walked in a
specified time), or to nonoccurrence of an event
characteristic of the ill population (such as no
further investigations or treatments for pain, or
no waking from sleep due to pain). The
proportion of the treated population meeting this
criterion (given that none did so before
treatment) is reported.

2. Reliable change is calculated by reference to the
standard deviation: assuming normally distributed
and not extensively overlapping healthy and
dysfunctional scores, a post-treatment score which
falls within two standard deviations of the healthy
mean, or which falls outside two standard
deviations to the healthy side of the dysfunctional
mean, or which falls the healthy side of the
intersection of the distributions, can be
considered to indicate significant change.48 Again,
the proportion of the treated population meeting
this criterion is reported.

3. Meaningfulness of clinical change in a specific
problem, such as pain, can also be defined by the
extent to which it is associated with overall
change in quality of life or function.

These methods of defining clinical change can be com-
bined, but their results do not necessarily coincide. For all
three, it can be a problem that the aim of treatment in
chronic and cancer pain is usually not total cure but
improvement of the specific symptom or the overall
quality of life. Healthy norms, where available, may
therefore not be appropriate or attainable. Particularly
where there is steady deterioration and the aim of treat-
ment is to slow or halt it, quality of life may be the most
suitable measure of whether treatment is worthwhile.
Even in acute pain, as mentioned by Campbell (Chapter
2, Practical methods for pain intensity measurements),
absence of pain may not be a realistic end point and the
decision must be made on what’s meaningful change.
Patients are too rarely asked this question and researchers
too rarely consider it.

There are certainly well-established options for analyz-
ing the results of uncontrolled treatment studies, and
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where regular recordings are made, as in diary studies,
multilevel statistical procedures can clarify relationships
between variables and influences over time.47, 49 Options
include effect size calculations, effectively mean change
calculated in units of standard deviation, and therefore
comparable across measures and even across domains.50, 51

Weiss et al.52 emphasize the tension between
researchers and clinicians as an obstacle in the quest for
clinical significance and the implementation of evidence-
based treatments. They view direct interaction with
patients as the foundation for assessing clinical sig-
nificance; researchers may lack practical experience while
clinicians may doubt research relevance. However, mea-
suring goal attainment may serve for clinical purposes but
cannot adequately be standardized across patients, and
even over the course of treatment a patient may reason-
ably change goals entirely, change priorities, and change
what marks achievement or brings satisfaction. Issues of
treatment evaluation are also discussed in Morley and
Williams.51

Inspecting raw data plots can be helpful in deciding on
tests. Variability in response is of clinical interest, and
planned tests are better than post hoc snooping of data.
Figures 3.1 and 3.2 show data for 200 patients on a
questionnaire scored 0–60, where 0 represents a very poor
state and 60 a very good one. The overall population has a
pretreatment mean of 22 (S.D. 11) and a post-treatment
mean of 27 (S.D. 16), a gain of mean 5 points. This
change is statistically significant (t= 8.2, po0.0001), and
it would be easy to stop at this point and conclude that
treatment was successful in bringing about significant
change, problematically equating clinical change (equal to
half a standard deviation) with statistical significance.

However, both the pre-post scatterplot of data in
Figure 3.1, in which differences appear larger the higher
the pretreatment score, and the histograms in Figure 3.2
which suggest a roughly bimodal response, invite further
investigation. A median split (at 20) of the pretreatment
scores shows the lower half scoring a mean of 13 (S.D. 5)
pretreatment and 14 (S.D. 7) post-treatment, no real
change at all; the upper half score a mean of 30 (S.D. 7)
pretreatment and 38 (S.D. 12) post-treatment, a change of
over one standard deviation, and arguably of clinical as
well as statistical significance. The implications for
treatment are that the lower scorers pretreatment need
something more to enable them to change, information
which does not emerge from the overall analysis.

SUMMARY AND EXAMPLE

Increasing pressure for clinical services to audit their
performance demands the use of measures. How should
those responsible choose among the possibilities?

� Aims of treatment are defined in general terms, such
as ‘‘reducing pain, improving function,’’ mainly by

treatment staff using experience of the service and
knowledge of the literature, but patient groups,
treatment facility mission statements, or local or
national charters, may all contribute. These aims are
then operationalized in achievable terms such as ‘‘at
least 50 percent pain relief by discharge,’’ and
‘‘significant reduction in disability in nonworkers,
and reduction to local sickness absence norm in
workers’’ for x percent of treated patients.
Particularly where patients may present relatively
intractable problems, minimum expectations may be
appropriate: an example might be ‘‘All patients will
gain an explanation of their pain and feel that they
are believed and understood by staff,’’ operationalized
in terms of patients’ ratings of such statements.
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� Treatment aims determine which domains require
measurement, and the headings in this chapter can
be used as a checklist. A pain clinic which serves
mainly early referrals from primary care may focus
more on rapid pain abolition or substantial
reduction, and use measures of affect and cognition
to screen for patients with or at risk of developing
psychological problems, and a brief measure of
function to check that pain relief is accompanied by
recovery of previous activity levels. A pain clinic with
a large proportion of chronic pain patients, referred
from other specialists, is likely to have more modest
pain reduction goals and to use more extensive
measures of affect, cognition, and function or
disability, since major aims will be reduction of
problems in these areas, that is, improvement in
quality of life. Pain ratings would be recorded at
every visit (perhaps with use of diary measures by
the patient in the interim); pain relief at specific
points in treatment evaluation. Psychosocial and
functional measures would be taken at longer
intervals, or only at initial assessment and discharge.
Both clinics might sample satisfaction with a range of
aspects of the service at discharge.

� In choosing these measures, concerns of test–retest
reliability and validation in settings as near as
possible to everyday life will be paramount. In
addition, the existence of healthy population norms,
or norms of comparable treated and untreated pain
patients, help to set criteria for clinical significance of
change.

� Processes of treatment also require specific measures
so that outcomes can be investigated adequately.
Patient adherence to recommended treatment,
whether pharmacotherapy, exercise, relaxation, or
thought monitoring, should be sampled. Therapist
adherence to treatment guidelines may also be
sampled, since therapists’ skills can affect treatment
efficacy. Data such as numbers of visits, numbers of
treatments, dropout before discharge, length of time
to discharge, and re-referral after discharge, are
relevant for service audit.

� Most measures in use in the pain field rely on self-
report, so that attention to minimizing demand
characteristics is important: by computerized
measures where possible, or by administration in a
standard fashion by staff not involved in the patient’s
treatment. If possible, third party reports should be
added, for instance, from employment sources or
primary care physician; or a family member can
confirm that a patient now walks a set local distance
without a stop, or without a stick.

� The package of measures, piloted on an unselected
sample of patients, may prove too long or repetitive,
compromising reliability. Increasing use of
computerized questionnaires and scanning of paper
versions leaves the patient, rather than data entry

personnel, bearing the burden of overlong
assessments. However, patients’ altruism should not
be underestimated, and for many, the assurance that
the clinic uses their responses better to understand
the needs of future patients and to improve services
is enough to obtain full cooperation.
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KEY LEARNING POINTS

� Results of sensory testing and neurophysiological

evaluation must be correlated with the symptoms and

the clinical findings of the patient.
� Of all quantitative sensory testing procedures,

determination of thermal thresholds assessing small

fiber function/dysfunction is most appropriate in the

evaluation of pain patients.
� Von Frey nylon filaments may be used in the

assessment of mechanical detection and pain thresholds

as well as in mapping of areas of secondary

hyperalgesia to punctate stimuli.

� Although electromyography/neurography does

not assess the function of small nerve fibers,

it is recommended to be included in the

evaluation of patients with painful neuropathies and

nerve damages to obtain an overall view of the nerve

fibers affected.
� Sensory-evoked potentials following CO2 laser

stimulation relate to pain and nociceptive impulses

projected in the spinothalamic tract. The method has

been used in the evaluation of pain patients, although

mainly as a research tool

INTRODUCTION

The diagnosis of neuropathic (and nociceptive pain) is in
most cases based on a thorough interview and a clinical
examination of the patient. In many cases, however, there
is a need for further classification of a painful syndrome,
and the question arises as to which testing procedures are
adequate. This chapter describes the different clinical

neurophysiological and sensory testing methods available
and their role in the evaluation of painful syndromes. The
conventional clinical neurophysiological methods such as
neurography (nerve conduction studies) and somatosen-
sory-evoked potentials using peripheral electrical stimu-
lation are of little value since they assess the function
of the fast-conducting Ab-fiber and dorsal column sys-
tem, which does not mediate the sensation of pain.



Somatosensory potentials following CO2 laser stimulation
relate to pain and nociceptive impulses projected in the
spinothalamic tract, but the large interindividual varia-
tion in the amplitude of the laser-evoked potentials sug-
gests that they may not be suitable for routine
examinations in clinical practice.

In most cases neuropathic pain is characterized by
sensory abnormalities that are caused by lesions of sen-
sory nerve fibers or sensory pathways within the central
nervous system (CNS). Further diagnostic and descrip-
tive characterization of a painful syndrome may be
obtained by performing quantitative sensory testing
(QST), which allows a quantitative evaluation of sensory
thresholds to tactile, vibratory, pressure, and temperature
stimuli. Because neuropathic pain is often characterized
by dysfunctions of the sensory qualities that are medi-
ated by thin Ad- and C-fibers, thermotesting (quantita-
tive evaluation of thermal thresholds), which allows
testing of heat, cold, and heat and cold pain, is of special
importance. Testing for allodynia/hyperalgesia to tactile
and thermal stimulation as well as testing for abnormal
temporal summation or ‘‘windup-like’’ pain is of great
value in the evaluation of neuropathic pain, and may be
helpful in assessing underlying pathophysiological
mechanisms.

NEUROPHYSIOLOGICAL MECHANISMS

It is beyond the scope of this chapter to describe in detail
the complicated pathophysiological mechanisms involved
in acute and, particularly, chronic pain. The mechanisms
of nociception and inflammatory and neuropathic pain
are discussed in detail in Chapter 1b, Mechanisms of
inflammatory hyperalgesia and Chapter 1a, Applied
physiology of nociception in the Acute Pain volume of
this series and Chapter 1, Applied physiology: neuro-
pathic pain in the Chronic Pain volume of this series. To
a large extent, most mechanisms are still unknown.
However, it may be helpful to have some understanding
of the known basic mechanisms. The sensation of acute
pain is the result of activation of normal (not sensitized)
nociceptors classified as Ad- or C-nociceptors, according
to the peripheral nerve fiber transmitting the neural
impulses. Several classes of C-nociceptors in humans
have been identified by the technique of micro-
neurography.1 Of special importance for pathophysiolo-
gical mechanisms may be the discovery of mechano-
insensitive or silent nociceptors, i.e. nociceptors that are
not activated by normal noxious stimuli but become
active in a state of injury, particularly following inflam-
mation.2

If a peripheral injury occurs, the C-nociceptors may
become sensitized as a result of the effect of a large
number of inflammatory substances released at the site of
the injury. Sensitization of C-nociceptors may produce
sensory changes that are restricted to this site. The sensory

changes that are produced are, first and foremost, a
lowering of the heat pain threshold or allodynia to heat
(allodynia is defined as pain produced by a nonpainful
stimulus) and, second, hyperalgesia to heat (hyperalgesia
is defined as an increased response to a stimulus that is
normally painful). It is important to note that sensory
changes due to nociceptor sensitization will be detectable
within the site of injury alone, and not in the surrounding
tissue.

In the event of acute pain, the incoming stimuli to the
spinal cord are processed normally, and the nociceptive
impulses are passed over to second-order neurons and
transmitted in central projection pathways. If sustained
peripheral injury (or an injury to a peripheral nerve)
occurs, an increased barrage of nociceptive impulses
reaches the dorsal horn of the spinal cord and central
sensitization may occur. This general term includes a
complicated series of events in neurons in the dorsal
horn. Windup, a cumulative increase of action potentials
caused by nociceptive stimulation, is considered to be a
possible first initial step that is mediated by the activa-
tion of N-methyl-D-aspartate (NMDA) receptors.3 A
state of central hyperexcitability is produced, which is
characterized in animal experiments by allodynia to light
mechanical stimulation and an increase in the size of the
peripheral receptive fields of the central neurons.4 It may
not yet be possible to explain all of the clinical symp-
toms, findings, and sensory abnormalities in patients
with chronic pain using the theory of central sensitiza-
tion, but the demonstration of central hyperexcitability
has had a tremendous impact on the understanding of
some of the phenomena observed in patients with
chronic pain. For instance, allodynia to mechanical sti-
mulation, which is frequently encountered in neuro-
pathic pain patients, and the increase (over time) in the
extent of the areas of pain have been accredited to
central hyperexcitability. Whether the occurrence of
spontaneous and paroxysmal pain may be explained
entirely or partly by the same mechanisms remains an
unresolved question. In general, a substantial amount of
research is still needed to understand fully the different
aspects of clinical pain.

Traditionally, clinical pain syndromes have been trea-
ted according to the etiology of the pain (e.g. postherpetic
neuralgia, painful diabetic neuropathy). Because of the
current knowledge of the possible common neurophy-
siological mechanisms involved in different pain entities,
it has recently been suggested that, instead of focusing on
the different etiologies, it might be possible to assess and
treat pain according to the underlying neurophysiological
mechanisms involved, i.e. mechanism-based classification
of pain.5

This opens up new perspectives for the future
management of pain, and represents a huge challenge
for developing test procedures that will enable us to dis-
tinguish between different mechanisms in a clinical
setting.
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SOMATOSENSORY EVALUATION OF PAIN

A patient’s subjective estimate of the magnitude of pain
intensity may be determined by means of a visual analog
scale (VAS). However, for better classification and doc-
umentation of a painful syndrome, supplementary
investigations are often required. The aim of this chapter
is to give an overview of the available supplementary tests.
The purposes of employing such tests will fall mainly into
the categories of diagnostic or objective documentation of
a pain condition. Ideally, the results of testing could be
used as a basis for treatment algorithms. Until now,
sensory testing and some clinical neurophysiological tests
have been mainly used in clinical research, for classifying
the different abnormalities found in painful syndromes,
and in clinical pharmacological trials. However, sensory
testing is increasingly employed in the clinical evaluation
of pain syndromes. Procedures, as well as equipment in
use, vary between different laboratories. To give simple
recommendations and general practical guidelines for the
use of such testing in a purely clinical setting is, therefore,
difficult. The aim of this chapter is to give some
guidelines as to when and how to perform clinical
neurophysiological or sensory testing.

It will be strongly emphasized throughout the chapter
that all supplementary testing must be correlated to the
clinical symptoms and findings of the patient and that it
is not appropriate to make a diagnosis of a painful syn-
drome based on the results from sensory testing or clin-
ical neurophysiological testing alone. The chapter will
focus on the methods that are currently in use, but will
also present methods that are currently more experi-
mental and are still not regarded as conventional tools in
the diagnosis of pain.

PAIN CONDITIONS

Pain conditions may be categorized in many ways – one
approach is to describe the pain as nociceptive or neu-
ropathic, depending on its cause. This is a general clas-
sification disregarding the etiology of the pain. Pain can
also be categorized as acute or chronic, according to
whether its duration is less than or more than three
months respectively. Most patients referred for supple-
mentary sensory or clinical neurophysiological testing will
suffer from chronic pain. The neuropathic pain condition
is primarily known to produce sensory abnormalities and,
thus, deserves special attention. For the clinician, it is
important to note that nociceptive pain may also produce
sensory changes.6

Visceral pain referred to the skin may show sensory
abnormalities that are detectable by sensory testing.7 The
same is true for referred muscle pain.8 For the reader, it is
important to be aware of the existence of such findings, in
the sense that the usefulness of sensory assessment is not
restricted to neuropathic pain conditions. The finding of

sensory abnormalities in different pain types may reflect
the involvement of some common neurophysiological
mechanisms.

NOCICEPTIVE PAIN

Nociceptive pain derives from the activation of nocicep-
tors alone. The nociceptors may be normal or sensitized.
When cutaneous nociceptors are normal, no sensory
abnormalities have been described. When nociceptors
become sensitized as a result of injuries to peripheral
tissues and the subsequent release of inflammatory agents,
sensory changes will result.

As mentioned above, sensitization of nociceptors will
result in allodynia/hyperalgesia to heat and possibly some
types of mechanical stimuli within the site of injury9, 10 –
changes that are detectable with sensory testing.

In contrast to cutaneous pain, muscle pain is described
as aching and cramping, is difficult to localize, and has
characteristic referred pain patterns. Unfortunately,
knowledge of the basic aspects of muscle pain in humans
is still very poor as most of the information originates
from experiments using anesthetized animals. Further-
more, the data on the neurophysiology of pain have
mainly been obtained from studies of cutaneous noci-
ception. This lack of knowledge about the neural
mechanisms involved in muscle pain has led to much
debate and speculation about the mechanisms related to
the etiology, pathogenesis, diagnosis, and treatment.

Experimental approaches to the study of muscle pain
in humans are a way of increasing knowledge. This is
important as the socioeconomic impact of musculo-
skeletal pain disorders is substantial, and new insight into
the pathophysiological mechanisms can help to prevent
chronicity.

Experimental methods can be used in the laboratory
for basic studies (e.g. central hyperexcitability or screen-
ing of treatment procedures) and also in the clinic to
characterize patients with musculoskeletal disorders (e.g.
fibromyalgia).

The primary advantages of experimental approaches to
assess pain sensitivity under normal and pathological
conditions are:

� the stimulus can be controlled, i.e. the pain intensity
and quality do not vary over time;

� pain reactions to controlled stimuli can be assessed
quantitatively;

� pain reactions can be compared quantitatively
between controls and patients.

One disadvantage of experimental pain research is that
the stimulus paradigm (intensity, duration, and modality)
might not mimic clinical pain conditions completely.

Several experimental models have been used to induce
and assess muscle pain in humans. Intramuscular (i.m.)
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injection of algogenic substances (bradykinin, serotonin,
capsaicin, hypertonic saline), i.m. electrical stimulation,
ischemia, or eccentric exercise are some examples.

Injection of hypertonic saline has been used extensively
in the past because the quality of the induced pain is
similar to clinical muscle pain that is localized and
referred. Injections of chemical substances are, however,
not suitable if the muscle pain needs to be turned on and
off more rapidly. A model has been developed based on
continuous intramuscular electrical stimulation in which
the local and referred pain vanish immediately when the
stimulation is terminated.11

Infusion of a variety of algogenic substances has been
tested, and a combination of, for example, serotonin and
bradykinin is particularly effective in causing muscular
hyperalgesia to muscle pressure stimulation. It seems that
the severity of the referred pain is related to the intensity
and duration of the ongoing muscle pain and most likely
also to the degree of central hyperexcitability.12 In patients
with chronic pain syndromes such as fibromyalgia or
whiplash, the pain responses to experimental muscle pain
are substantially exaggerated compared with controls.13

Experimental models are valuable for assessing the basic
aspects of muscle pain in volunteers and in patients with
musculoskeletal disorders.

NEUROPATHIC PAIN

Neuropathic pain results from a lesion or a dysfunction of
the nervous system (peripheral or central). One may
distinguish between nociceptive neuropathic pain, which
is caused by the activation of nociceptors connected to
nervous tissue (e.g. cervical or lumbar radiculopathy),
and the deafferentation type of neuropathic pain, which
often involves mechanisms of central sensitization. It is
this latter form of neuropathic pain that will be described
here. A painful condition may develop immediately after
injury or after a long delay, such as days, weeks, or even
months. The results of sensory and, eventually, clinical
neurophysiological testing need to be correlated with the
patient’s symptoms and clinical findings. Typically, the
patient may complain of several types of pain, but there is
a large interindividual variability (Table 4.1). Most

patients will complain of constant pain, the quality of
which may vary; commonly used descriptors include
‘‘burning,’’ ‘‘aching,’’ and ‘‘sore.’’ The constant pain may
vary spontaneously in intensity, but will typically be
intensified by physical activity and exposure to cold.
Many patients will suffer from paroxysmal pain, lasting
for seconds up to minutes, within the painful area and
with radiation from this area. The frequency of paroxysms
may vary, from several times a day until a few times every
week. The quality of the paroxysmal pain may be
described as ‘‘shooting,’’ ‘‘intense,’’ or ‘‘sharp.’’ Typically,
the patient also complains of evoked pain, which is mostly
caused by lightly touching the skin or by exposure to
wind. A painful condition may develop from the time of
onset, often resulting in an increase in the area of pain or
an intensification of the constant pain. In most cases,
neuropathic pain is accompanied by sensory abnormal-
ities14, 15 that are related to lesions in the sensory nerve
fibers or sensory pathways within the CNS.16 Sensory
disturbances may develop from both causes, as shown in
Table 4.2.

Sensory disturbances may sometimes be detected by
routine neurological sensory examination (light touch
with a cotton swab or pinprick with a needle). However,
hypoesthesia is often masked by allodynia to light
mechanical stimulation. Nevertheless, reduced sensibility
to light touch may be reported by some patients.
Hyperalgesia to pinprick is often reported as a different,
more painful, sensation, often with radiation and an
unpleasant aftersensation.

Table 4.1 Characteristics of neuropathic pain.

Type of pain Description Duration, frequency, and intensity

Spontaneous pain Burning, aching, squeezing, cutting, piercing,

pricking, sore (and other descriptions)

Constant, but with possible variation in intensity

Spontaneous paroxsymal pain Shooting, sharp, stinging, throbbing, radiating Duration, seconds to minutes; frequency, from

none to several per day

Evoked pain Pain or unpleasant sensation by stimulation of

painful area (usually light touch)

Table 4.2 Sensory abnormalities in neuropathic pain.

Type Example

Quantitative Hypoesthesia Hypoalgesia

Hyperesthesia Hyperalgesia

Qualitative Allodynia

Paresthesia

Dysesthesia

Spatial Dyslocalization

Radiation

Temporal Abnormal latency

Abnormal aftersensation

Abnormal summation
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The diagnosis of neuropathic pain may in most cases
be confirmed by careful interviewing of the patient and a
routine neurological examination. Further diagnostic and
descriptive characterization is obtained by performing
QST, which allows, as indicated by the name, a quanti-
tative evaluation of the different sensory qualities.

SENSORY QUALITIES

The sensation of touch, pressure, and vibration are all
mechanosensitive modalities that are transmitted in
large-diameter myelinated As afferent neurons,
spinal dorsal columns, and medial lemniscal pathways,
which are accessible to testing through conventional
neurophysiological techniques such as neurography and
electrically induced sensory-evoked potentials.

For testing modalities such as fast pain (Ad-fibers),
dull, burning, aching pain (C-fibers), heat and heat pain
(C-fibers), and cold (Ad-fibers) and cold pain (Ad- and
C-fibers), neurography and somatosensory-evoked
potentials (SEP) are of little value.

Many disorders, for example diabetic neuropathy,
affect the small-diameter fibers before the large-diameter
fibers, and a clinical diagnosis concerning nerve impair-
ment can only be obtained when the large-diameter fibers
start to show measurable signs of dysfunction. At that
time, the thin fibers may be severely affected, with the
possibility of developing severe neuropathic chronic pain.
Methods to assess early impairment of the thin-fiber
function are needed.

BASIS FOR SENSORY TESTING

Routine neurological sensibility testing is inadequate for
a quantitative, modality-specific assessment of sensory
disturbance. Sensory testing has developed in recent
years as a valuable supplement to the quantitative
determination of modality-specific disturbances. In
general, sensory testing in humans involves a large
variety of disciplines (auditory, visual, somatic, kines-
thetic, etc.). In particular, sensory testing involves the
standardized activation of the specific sensory pathways
system and the measurement of evoked responses. The
ultimate goal of advanced human sensory testing is to
obtain a better understanding of mechanisms involved
in sensory transduction, transmission, and perception
under normal and pathophysiological conditions. Sen-
sory testing can be applied in the laboratory for basic
studies or in the clinic to characterize patients with
dysfunctions affecting pain pathways. At present, there
are different stimulation techniques available in the
laboratory, including electrical, thermal, and mechanical
techniques; however, commercially available equipment
needed to apply these techniques is scarce.

To differentiate between the dysfunctions that are
related to various disorders of the sensory system, it is
necessary to establish a series of sensory tests with dif-
ferent stimulus modalities activating different pathways.
The design of adequate regimes to test sensory fibers
involves two separate topics:

1. standardized activation;
2. measurement and quantification of the evoked

reactions.

QUANTITATIVE SENSORY TESTING

QST is used to measure the intensity of stimuli needed to
produce specific sensory perceptions. Tests have been
developed for the determination of sensory thresholds for
tactile, vibratory, pressure, and temperature stimulation.

Various laboratories have used different approaches
and paradigms.

All quantitative sensory tests are psychophysical tests
that require patients to be awake and alert, to fully
understand the instructions given, and to be fully capable
of cooperating during testing.

ESTIMATION OF TACTILE SENSIBILITY BY VON
FREY NYLON FILAMENTS

For quantitative testing of tactile sensibility, von Frey
nylon filaments are easy to use. They consist of a series of
filaments of varying thickness, calibrated according to the
force required to make them bend. The hairs primarily
stimulate the rapidly adapting cutaneous receptors when
hairs with low bending pressures are applied to the skin.
One method of assessing tactile sensation is to apply the
hairs in an ascending and descending order of magnitude
and to record both the appearance and disappearance
threshold. In neuropathic pain, tactile sensibility, as
measured by von Frey hairs, may be reduced in the
affected skin areas.17 This is a typical finding that may be
observed in a routine neurological examination, in which
testing for tactile sensibility with a cotton swab may only
give a sensation of hyperesthesia (in fact, allodynia to
light mechanical stimulation) that masks an eventual
reduction in tactile sensibility. Another way of assessing
the tactile threshold is to determine the value of the
bending force of the filament which is detected in 50
percent of applications. One should be aware that the
nominal bending force of von Frey hairs varies with
temperature and humidity, and it may be necessary to
calibrate the bending force against a balance for each
experimental session.18

The von Frey hairs increasingly excite skin nociceptors
with increasing bending force, and may be used to
determine tactile pain detection thresholds.

The nylon filaments have been used for the determi-
nation of allodynia/hyperalgesia to punctate stimuli in
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human experimental models.19 The von Frey hairs may
also be employed for mapping areas of secondary
hyperalgesia to punctate stimuli (owing to central sensi-
tization) in experimental models of pain19 or in a clinical
context.20 It has been shown that secondary hyperalgesia
to punctate stimuli is mediated by conduction in Ad-
nociceptive fibers,21 in contrast to the Ab-fiber-mediated
secondary hyperalgesia to light brush.

Summary of von Frey hair testing

� Indication: for quantitative testing of tactile
sensibility.

� How it is executed: apply the hairs in an ascending
and descending order of magnitude and record both
the appearance and disappearance thresholds, or
determine the value of the bending force of the
filament which is detected in 50 percent of
applications:
– with increasing bending force, the von Frey hairs

will excite skin nociceptors and may be used to
determine tactile pain detection thresholds;

– may be used to map the area of hyperalgesia to
punctate stimuli.

� Contraindications: none.
� Typical findings and interpretations: reduced tactile

sensibility as well as hyperalgesia to punctate stimuli.

DETERMINATION OF VIBRATORY THRESHOLDS
BY VIBRAMETER

The vibrameter (equipment for quantitative evaluation of
vibratory thresholds) may be used for the evaluation of
both vibratory and vibratory pain thresholds. The
vibrameter determines the stimulus level needed to pro-
duce the sensation of vibration and is easily and quickly
performed. The vibratory perception threshold can be
determined on any point of the human body.

The determination of vibratory thresholds is primarily
of value in the quantitative evaluation of vibratory sen-
sory deficit. Hyperalgesia to vibration has been described
in the evaluation of pain patients.22 In an investigation of
patients with neuralgia, it was found that the vibration
frequency could be raised to 130Hz without causing pain,
in both normal volunteers and patients’ uninjured areas
(hands). In all patients with neuralgia, allodynia to
vibration in the affected part was demonstrated.

Summary of vibrameter testing

� Indication: quantitative evaluation of vibratory
perception and vibratory pain thresholds.

� How it is executed: the vibrameter may be applied
on any point of the human body.

� Contraindications: none.
� Typical findings: increased vibratory threshold

(reduced sensibility) and allodynia/hyperalgesia to
vibration.

DETERMINATION OF PRESSURE THRESHOLDS
BY ALGOMETER

The algometer is used for quantitative determination of
thresholds to pressure or pinching. The measurement of
pressure pain thresholds has been used in a large variety
of test situations. In clinical practice, the pressure alg-
ometer is usually applied over a bony surface (for instance
the tibia) or over muscles. The essence of pressure algo-
metry is that increasing pressure is applied to the part of
the body that is being investigated and the outcome is the
patients’ or volunteers’ reaction to the pressure. The
outcome measures in pressure algometry are the pain
detection threshold and/or the pain tolerance threshold.
Pressure rate and pressure area have been shown to be
important factors for reliable results. To date, pressure
algometry has, for instance, been used to assess the effects
of drugs, different treatment modalities, pain thresholds
in children, experimental pain in muscles, pain thresholds
in populations studies, head and neck pain,23 masseter
muscle soreness, myofascial trigger points, and pain in
patients with fibromyalgia.24 The method seems to be well
suited for the determination of pressure hyperalgesia in
musculoskeletal disorders.

Summary of algometer testing

� Indication: quantitative determination of the
threshold to pressure or pinching.

� How it is executed: the algometer is applied over
bony surface or muscle (for pressure threshold) or is
used for pinching a fold of the skin.

� Contraindications: none.
� Typical findings: reduced sensibility or allodynia/

hyperalgesia to pressure or pinching.

THERMOTEST

Painful syndromes (mainly neuropathic pain) are often
characterized by dysfunctions in the sensory qualities that
are mediated by thin nerve fibers, which are not easily
investigated by conventional electrophysiological testing
such as neurography. Thermotest (quantitative evaluation
of thermal thresholds) allows the testing of qualities such
as heat, cold, and heat and cold pain sensations (Figure
4.1). It is important to note that, whereas neurography
tests dysfunction of peripheral nerve fibers, the ther-
motest describes the status of temperature somatosensory
afferents all the way from the cutaneous receptors to the
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brain, but it is not possible to determine the level of any
lesion. There are different thermotest devices commer-
cially available that have varying technical parameters.
Testing for thermal sensory abnormalities is employed not
only in the evaluation of pain patients but also in patients
with thermal sensory abnormalities in general, such as
thin-fiber neuropathies. Some devices are primarily
designed to evaluate the sensory deficits of heat, cold, and
heat pain. Prominent findings in neuropathic pain con-
ditions are heat and cold hyperalgesia. Testing only for
heat and cold functions in patients with neuropathic pain
will give inconclusive results because heat and cold
hyperalgesia may occur in the presence of normal heat
and cold thresholds. When evaluating neuropathic pain
patients, all four thermal qualities should be tested – heat,
cold, heat pain, and cold pain.25 As well as determining
the threshold values, it is important to ask the patient
about the quality of the sensation. Paradoxical sensations
are frequently reported, most often that cold pain is
perceived as heat. Heat and cold pain are often described
as having a sudden onset, with radiation and after-
sensations, which is valuable information in the evalua-
tion of hyperalgesia. It is important to note that the
interindividual variability in sensory abnormalities is
large and may develop in both directions, as shown in
Figure 4.2.

There are two different methods of thermal sensory
testing that are generally available: the two-alternative
forced choice method and the method of limits. The two-
alternative forced choice method implies that a stimulus
at a given level of intensity is presented to the patient
during only one of a pair of stimulus events and the
patient has to indicate which of the stimuli is perceived.
Success or failure at this level results in subsequent stimuli
being delivered at lesser or greater stimulus intensities
respectively.26 The forced choice method reduces the
response bias and therefore seems better suited for a
psychophysical examination, but the method is time-
consuming. The method has mainly been employed in the
evaluation of neurological patients with sensory deficits in
general and not in pain patients in particular. For the
evaluation of pain patients, the method of limits, in which
the intensity of stimulation is continuously increased
from 0 (or from skin temperature) to the point of
detection threshold, is probably the most appropriate.
This is mainly because of ethical considerations as a
suprathreshold stimulus may evoke severe pain, which is
often sustained. For the same reason, it is desirable to use
as few stimuli as possible to determine a pain threshold.
The pain tolerance threshold may also be determined;
however, for some patients, the detection threshold itself
will represent the level of tolerance. For cold and heat
detection thresholds, it is usual to use a total of 5–10
repeated tests, whereas for cold and heat pain three
repeated measurements are often used.

There are many parameters that may influence the
results of the testing. The baseline skin temperature is an
important factor that may influence the ability to dis-
criminate between a rise or fall in temperature. In many
laboratories, the contact probe is applied at a standard
temperature of 321C, thereby reducing the inter-
individual variability in perception thresholds. Alter-
natively, the temperature of the contact probe may be set
at a lower or a higher temperature. By employing a
higher baseline temperature, heat thresholds would be
assessed at the baseline temperature itself or at a very
short interval from baseline. A lower baseline tempera-
ture would create a bias in favor of a cold threshold at a
short interval from baseline. It is not recommended that
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the patient’s skin should be warmed before testing.
Another possibility is to adjust the temperature of the
contact probe to be the same as the patient’s skin tem-
perature. One should be aware that, because of auto-
nomic dysfunction in patients with complex regional
pain syndromes, the skin temperature may be 1–31C
lower in the affected part. It may be difficult to compare
sensory thresholds in affected and normal skin areas in
these patients if the baseline temperature of the contact
probe is set at different levels within the same individual.
The baseline temperature should therefore be kept con-
stant for each individual. It is difficult to give strict
recommendations regarding the choice between using a
fixed baseline of 321C or a baseline temperature adjusted
to the skin temperature. However, using a fixed tem-
perature of 321C allows easier comparison of sensory
thresholds between individuals.

The rate of stimulus rise may also influence the sensory
threshold. The most commonly employed rate of tem-
perature change is 11C/second. Quicker rates may induce
reaction time artifacts, whereas slower changes create
stimuli that are too long.

Due to the influence of spatial summation of sensory
modalities, the size of the contact probe may also influ-
ence the sensory thresholds, in the sense that recruitment
of more receptors will lower the threshold. For practical
reasons, it means that thresholds are not comparable
when probes of different sizes have been employed. Sur-
face areas may vary from 9 to 12.5 cm2, and smaller
contact probes are used to test the face or fingertip.

A major question is to decide which skin areas should
be tested. For the individual evaluation of pain patients, it
is recommended that the patient should serve as their
own control by testing normal contralateral ‘‘mirror’’
areas; of course, this is not possible in bilateral disease
states such as diabetic or human immunodeficiency virus
(HIV)-related neuropathy. Since thermal sensibility nor-
mally varies between regions of the body (e.g. higher
sensitivity in the thenar eminence than in proximal parts
of the extremities or the truncus), testing of a con-
tralateral asymptomatic skin area is often performed.
However, one should be aware that because of central
plasticity (central sensitization), sensory thresholds in
contralateral regions may be abnormal. Therefore, in
many cases, it may be recommended that sensory
thresholds are tested in a third skin area as a supple-
mentary control. Testing all four modalities in three dif-
ferent skin regions may be time-consuming, but in many
cases it is worthwhile.

In order to prevent injuries to the skin, the maximum
temperature limit is recommended to be 501C and the
minimum to be 51C.

Once again, it is emphasized that the results of ther-
motesting should be correlated with the patient’s symp-
toms and clinical findings, and that a diagnosis or an
evaluation of a painful syndrome based on thermotest
alone is of little value.

Summary of thermotesting

� Indications: to test perception thresholds of heat and
cold; to determine heat and cold pain thresholds; to
detect possible qualitative abnormalities in thermal
perception; to examine for possible allodynia/
hyperalgesia to heat or cold.

� How it is executed: thermotesting may be performed
in many ways. We recommend:
– using the method of limits;
– testing all four thermal qualities;
– keeping a constant baseline temperature for each

individual;
– that the maximum temperature limit is 501C and
the minimum is 51C.

� Contraindications: none (when used appropriately).
� Typical findings: there are large variations in the

results obtained. In patients with neuropathic pain,
findings may be reduced sensibility to heat and cold
as well as allodynia/hyperalgesia to thermal stimuli,
especially cold.

TESTING FOR ABNORMAL TEMPORAL
SUMMATION

Temporal summation of neural impulses in nociceptive
nerve fibers is a physiologically important mechanism by
which the sensation of pain can be intensified.27 From
clinical practice, it is well known that repetitive stimulation
of a painful skin area in a patient suffering from neuro-
pathic pain may produce an intense and long-lasting pain.
This is referred to as an abnormal temporal summation
(often called ‘‘windup like pain,’’17 even though no direct
correlation to the windup phenomenon in the neurons of
the dorsal horn that has been observed in animal studies
can be confirmed). The abnormal temporal summation
seen in patients may be assessed very roughly by repetitive
stimulation (usually with a frequency of 2–3Hz) of the
skin by a von Frey hair, for up to 20–30 seconds. If the
phenomenon of abnormal temporal summation is present,
the patient will report the sudden onset of an intense pain
within the stimulated area, often occurring within a few
seconds, that is associated with the presence of after-
sensation and radiation. Abnormal temporal summation
may be regarded as a sign of central hyperexcitability. By
measuring latency, duration of aftersensation, and area of
radiation, it is possible to quantify the phenomenon. For
scientific purposes, more elegant techniques are available,
either by von Frey application by standardized pressure
and frequencies or by the use of electrical skin stimulation.

CONVENTIONAL NEUROPHYSIOLOGICAL
TECHNIQUES

The practical details of conventional neurophysiological
techniques, such as neurography or the measurement of
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evoked potentials, will not be given since these tests
should be performed by trained clinical neurophysiolo-
gists. However, the indications for ordering such investi-
gations will be discussed.

Neurography

Neurography is a generic term for the measurement of
parameters such as conduction velocity, distal delay,
motor and sensory amplitudes, and latency of late volleys
such as the H- and F-wave. Nerve conduction studies play
an important role in precisely delineating the extent and
distribution of a peripheral nerve lesion and give some
indication of nerve-root pathology (by evaluation of late
reflexes). Neurography does not evaluate the function of
thin nerve fibers such as Ad-fibers that mediate cold/
sharp pain nor that of C-fibers mediating the sensation of
heat, heat pain, and some forms of tactile pain. The
indication for neurography would be to evaluate whether
there is a peripheral nerve lesion in the context of a
general or polyneuropathy that is also affecting large
myelinated nerve fibers. (The diagnosis of polyneuro-
pathy cannot be excluded on basis of a normal neuro-
graphy since a pure thin-fiber polyneuropathy may only
be demonstrated by means of thermotesting.)

Sensory-evoked potentials

In routine neurophysiological practice, sensory-evoked
potentials are measured following peripheral electrical
stimulation. Unfortunately, some clinical papers assume
that the evoked potentials to painful electrical stimulation
represent aspects of nociceptive transmission. Based on
reported evidence, it is obvious that the electrically
evoked potentials that project to the dorsal columns are
associated with sensory qualities such as light touch,
vibration, and pressure. On the other hand, sensory-
evoked potentials following CO2 laser stimulation relate
to pain and nociceptive impulses projected in the
spinothalamic tract.

The potentials evoked by nonpainful and painful
electrical stimulation are surprisingly similar. None of the
components of the evoked potentials elicited by painful
electrical stimuli can be considered as pain specific in the
sense that they appear only following stimuli above the
pain threshold.28, 29 The shape or amplitude of the vertex
potential does not change when the intensity of the
electrical stimulus exceeds the pain threshold.29, 30 This
has led to the suggestion that vertex potentials evoked by
nociceptive electrical stimuli are not reliable correlates for
changes within the nociceptive system.31

The large interindividual variation in the amplitude of
the laser-evoked potentials suggests that they may not be
suitable for routine examinations in clinical practice. A
large set of normative data based on laser-evoked

potentials from normal, healthy, age- and sex-adjusted
controls is essential. A statistical criterion of three stan-
dard deviations might be used to categorize sensory
abnormality associated with laser-evoked potentials. In
studies in which the patient and control groups serve as
their own controls, for example by comparing the dif-
ferences in amplitude for potentials evoked from two
areas or by follow-up after surgery, measurement of laser-
evoked potentials is suitable for monitoring purposes.
Laser-evoked potentials can also provide useful informa-
tion that is not accessible by conventional electro-
physiological techniques. Laser-evoked potentials have
been shown to be of value in assessing impairment of pain
and temperature sensation in patients with peripheral
neuropathies.32

A correlation between pain/temperature impairment
and changes in the laser-evoked potential measurement
has been found in patients with syringomyelia,33 patients
with multiple sclerosis,34 and in neurological patients
with various dissociated sensory deficits.35 Sensory testing
and clinical neurophysiology studies have indicated that
patients with central pain syndromes occasionally have
impairment of pain and temperature sensation. Central
pain syndromes could be caused by disinhibition of spi-
nothalamic excitability or by the reduction of spinotha-
lamic function as a result of other central changes or
disease in the brain. Casey et al.36 found that central pain
patients (cerebral or brainstem infarctions) with normal
tactile sensation had significantly lower laser-evoked
potentials on the affected side than on the nonaffected
side. This study supports a deficit in spinothalamic tract
function, but does not suggest excessive central responses
to the activation of cutaneous nociceptive pathways.
The laser-evoked potential may also be pathologically
exaggerated.

Fibromyalgia patients show a dramatically exaggerated
reaction to muscle stimulation.37 Evoked potentials to
cutaneous laser stimulation have indicated larger ampli-
tudes in these patients than in controls.38 The major
alteration in laser-evoked potentials is found only in the
late components (N170–P390). These effects suggest the
presence of exogenous factors such as reduced cortical
and subcortical inhibition or central hypervigilance to the
nociception, probably involving the limbic midcingulate
generator. However, it has been shown that hypnotically
induced hyperalgesia can also increase the laser-evoked
vertex potentials.39

OTHER NEUROPHYSIOLOGICAL TECHNIQUES

Microneurography

Microneurography is an invasive technique that was
developed by Swedish neurophysiologists Hagbarth and
Vallbo to make single-fiber recordings from nerve fibers
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in subjects who are awake. Erik Torebjörk was the first to
record from single afferent C-fibers in humans in 1974.40

Since then, he has described the human nociceptive sys-
tem, both mapping the different classes of C-nociceptors1

and describing the pathophysiology of C-nociceptors in
peripheral injury.2, 9 Few reports have been published on
this technique in patients, but recently some studies have
been performed showing sensitization of mechano-
insensitive fibers and spontaneous activity41 as well as
catecholamine-induced activation of nociceptors.42

Microneurography is technically a very difficult and
time-consuming process, often requiring repeated inves-
tigations in one subject; therefore, it is only suitable for
research purposes. Since the technique is also invasive, it
should only be employed by those trained in its use and
following discussion of the risks of nerve injury with the
patient.

FUTURE PERSPECTIVE IN ADVANCED SENSORY
TESTING

It has been proposed5 that pain assessment and man-
agement should be mechanism-based. For this to be
feasible, it is necessary to have quantitative techniques
available that are capable of accurately determining which
mechanisms are operative in the individual patient. This
has not yet been achieved, and further concerted efforts
are required to develop clinically useful techniques.

It is very important that sensory tests should be com-
bined with the information obtained from the clinical
history and examination of the patient to produce a
comprehensive picture of the abnormalities in that patient,
and possibly an indication of the mechanisms involved in
the generation of that patient’s pain.43 A battery of sensory

tests should consist of those that selectively activate the
different afferent pathways – Ab-, Ad-, and C-fibers – and
hence their respective spinocortical pathways. Clinical
symptoms related to, for example, neuropathic pain can
manifest themselves in many ways, and the results of
sensory testing can be just as diverse. However, quantita-
tive measures for follow-up are mandatory. As substantial
plasticity can take place in the CNS, it is therefore
important to include tests that quantitatively evaluate this
aspect, e.g. tactile hyperalgesia or allodynia to touch.

In many cases, no abnormalities to a single stimulus
may be measured, but when the stimulus is repeated, pain
is elicited. The facilitation of central summation is an
example of mechanism-based assessment. In complex
regional pain syndromes (reflex dystrophy or causalgia)
and neuropathic pain syndromes, repetitive tactile stimuli
summate and evoke pain as a result of facilitation of
the central integrative mechanisms, most likely in
second-order dorsal horn neurons.

Without a controlled electronic device, it can be dif-
ficult to apply repetitive tactile von Frey hair stimulation
at a fixed frequency. In a number of experimental studies,
a 2-Hz train of repetitive stimuli seems to be adequate to
generate ‘‘windup-like’’ pain and aftersensations in
patients with neuropathic pain. Laboratory models exist
in which the frequency and stimulus duration can be
adjusted electronically, and different stimulation probes
can be attached.

The currently available thermode stimulators have very
slow rates of temperature change (e.g. 21C/second),
therefore they are not applicable for repetitive thermal
stimulation. Recently, a thermal stimulator based on heat-
foil technology has been developed for repetitive thermal
stimulation (Figure 4.3). This device can provide a pulse
rise time of up to 401C/second and hence deliver pulses

Heat foil stimulation 

Thermode 1 Thermode 2 

Heat foil 

Peltier

30
°C

/s 15°C/s

1 s

Hot water

Cold water Figure 4.3 Thermal stimulation based on

heat-foil technology. The example shows how

temporal summation (response to repeated

stimulation) can be assessed within and

between dermatomes.
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at, for example, 2Hz. Another problem can arise in
patients with severe allodynia to touch when the heat
thresholds to thermode or heat-foil stimulation have to be
measured. Applying the thermode to the skin evokes pain
and hampers the determination of the heat threshold.

In experimental pain research, high-energy laser has
been used as a selective thin-fiber activator. The currently
available lasers are very expensive and are complicated to
operate; hence, they are not suitable for clinical routine
and bedside testing. In recent years, the developments
within the field of semiconductor lasers (e.g. 20W,
970 nm) are promising, and such lasers may be available
in the near future (Figure 4.4).

Due to accessibility, cutaneous stimulation has pre-
dominantly been used in sensory testing. Most often, the
abnormalities are not restricted to the skin but may also
manifest in deeper structures. At a minimum, the general
sensitivity of muscles should be assessed by pressure
algometry or electrical stimulation.

In conclusion, quantitative sensory testing has a role to
play in clinical neurophysiology, neurology, and pain
management. The challenge for the future is to develop
techniques to:

1. assess not only the pain pathways as such but
also, in more detail, the various mechanisms
involved;

2. investigate pain originating not only from skin
but also from deeper structures.
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KEY LEARNING POINTS

� Lidocaine may be useful in patients with neuropathic

pain, but may not predict if oral analogs will show any

benefit.
� Phentolamine helps to identify patients who may

respond to sympathetic blockade.

� Ketamine can be useful in neuropathic pain and

potentially help in opioid tolerance.
� Opioids are proven to reduce neuropathic pain, but

long-term efficacy and tolerance, and addiction remain

issues.

INTRODUCTION

A pharmacological diagnostic test is usually a drug chal-
lenge in which a drug is administered intravenously over a
relatively short period of time and titrated against a
patient’s pain. Different drugs are thought to act upon
different pathophysiological mechanisms. Subjecting a
patient to a range of drugs may help in understanding
which mechanisms are important in an individual
patient. Different drug groups may provide clues about
treatments to which a patient may respond.

Pharmacological challenges may also be combined
with quantitative sensory testing (QST – see Chapter 4,
Sensory testing and clinical neurophysiology) to enable
alterations in sensory phenomena to be monitored. This
combined approach has the potential of providing us with
more information about the underlying pathophysiology
than a drug challenge alone.1 The combined approach
may inform us about sensory changes that are occurring
with the drug challenge independent of a reduction in
pain. If a reduction in a sensory abnormality is detected

by QST independent of a reduction in pain perception, it
still has to be proven whether that drug group should be
continued and a further agent should be added. The list of
agents and their effects on different sensory abnormalities
is growing.2, 3, 4, 5 Small doses of several different drugs
may increase the chance of reducing pain with fewer side
effects. Also, several different drugs may be required to
reduce all the sensory phenomena and hence the pain.

In this chapter, only intravenous drug challenges
will be considered. Drug challenges may also be oral or
spinal (epidural/intrathecal). In clinical practice, all drugs
should be titrated against effect and side effects. The
practical information regarding the administration of
intravenous drug challenges has changed little since the
last edition of this book, but the chapter has been updated
to reflect the growing scientific and clinical evidence.

Advantages of intravenous drug challenges

� The effect of a potential treatment may be rapidly
ascertained.



� A number of potential treatments may be screened
over a relatively short period of time.

� ‘‘Clean’’ drugs with single modes of action may be
used to provide information about specific
pathophysiological mechanisms.

� Combining intravenous drug challenges with QST
may yield information about the pathophysiological
mechanisms and hence possible treatments.

� Side effects will be observed in a controlled
environment and serious side effects can be
appropriately managed.

� Blinding and double-blinding is possible and
improves the value of the information gained.

Disadvantages of intravenous drug challenges

� Side effects may be more common as the drug is
titrated up to a relatively high dose within a
relatively short time. For instance, when establishing
opioid sensitivity, oral medication may be titrated up
over weeks with fewer side effects than if the same
plasma level were achieved during the short time-
frame of an intravenous drug challenge. This
problem with side effects may result in:
– the benefit of a drug being missed;
– the patient refusing a potentially helpful treatment

because of concerns over side effects.
� Even within a particular drug group, different drugs

may have different effects. As a consequence, using a
single agent from a drug group may result in the
potential benefits of another agent within that group
being missed.

� A positive result to an intravenous drug challenge
does not always imply that the oral equivalent will be
effective.

� A drug may have benefit not easily demonstrated in
an acute outpatient setting where the sole end point
is a pain score.

� Intravenous drug challenges are time consuming.
� Protocols vary from site to site and, as a result, the

outcomes may be difficult to interpret.

INTRAVENOUS LIDOCAINE

Background

Nerve injury is associated with a reduction of some
sodium channels and the development of novel sodium
channels (downregulation of Nav1.8 and Nav1.9 sodium
channels is associated with slow tetrodotoxin-resistant
currents; up-regulation of Nav1.3 sodium channels is
associated with fast tetrodotoxin-sensitive currents).
There is also a change in the distribution of these chan-
nels (with an increase in cell body, dendrites, and tips of
injured axons). The consequences of these changes are

that injured cutaneous afferents become prone to gen-
erating more prolonged and higher frequency discharges.
The refractory period is reduced. These changes in the
characteristics of sodium channels are thought to underlie
the mechanisms of mechanosensitivity, thermosensitivity,
and chemosensitivity.6 Recent data show that local anes-
thetics may also have pain-relieving actions via targets
other than sodium channels, including neuronal G
protein-coupled receptors and binding sites on immune
cells.7

Low doses of the sodium channel blocker lidocaine
(lignocaine) have been demonstrated in animal models of
neuropathic pain to reduce spontaneous neuronal firing in
a selective manner that does not block normal axonal fir-
ing.8, 9 Human studies have demonstrated that low plasma
doses of lidocaine reduce neuropathic pain and sensory
phenomena, such as allodynia, without an effect on noci-
ceptive pain.10 Nociceptive pain may be reduced with
intravenous lidocaine, but only with high doses.10[III]

A positive lidocaine challenge may be followed by
repeated infusions of lidocaine. Some of our patients have
significant benefit from infusions for up to three months.
A role for the oral analog mexiletine may also be
defined.11 Oral mexiletine has been shown to be effective
in peripheral neuropathic pain.12[III] However, in clinical
experience, a positive response to infusion of lidocaine
does not necessarily predict responsiveness to oral ana-
logs. In cancer patients, subcutaneous infusions of lido-
caine may be used.13

Indications

An intravenous lidocaine trial is indicated in patients
suspected of having neuropathic pain and when there is a
suggestion of central sensitization, such as some of the
visceral pains with referred muscle hyperalgesia and
cutaneous hypersensitivity.14, 15, 16 In addition, some of
the diffuse muscle pains, such as fibromyalgia, may ben-
efit from repeated intravenous infusions.17, 18[V] Lido-
caine infusion has also been used to treat chronic daily
headache with substantial medication overuse.19[V]
Visual analog scale (VAS) scores should be greater than 5
on the day, and the pain scores should not fluctuate sig-
nificantly over short periods of time.

Contraindications

� Absolute contraindications: failure to obtain patient
consent and allergy to lidocaine.

� Relative contraindications: these depend on the dose
and duration of infusion. Care should be taken with
those patients who have a history of cardiac disease
(particularly dysrhythmias) or epilepsy. In such
patients, the low-dose four-hourly regimens could be
considered (see below).
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Doses and paradigms

Within the pain management center of the National
Hospital for Neurology and Neurosurgery, London, UK,
there are three different protocols.

THE BOLUS REGIMEN

The bolus regimen consists of 1mg/kg lidocaine slow
bolus (three minutes); repeated after 15 minutes, up to
three times (a maximum of 4mg/kg over 60 minutes).

� The bolus regimen can be used as a screening tool.
The problem is that side effects are common (see
below under Side effects and their management).
Also, the results may be debatable as the high plasma
levels achieved may block different pathways to the
low-dose regimen and may have a central cognitive
effect associated with sedation.

� We feel that in healthy patients the above regimen is
safe because higher bolus doses of lidocaine have
been given by other groups without complications:
– Marchettini et al.4 – 1.5mg/kg as a single bolus

over 60 seconds;
– Boas et al.10 – 3mg/kg over three minutes.

However, it must be noted that when Tucker and
Boas20 infused 3mg/kg over three minutes, toxic
plasma levels in the range of 15 mg/mL were
reached.

If higher doses are used as repeated boluses, extreme care
must be exercised as toxic peak levels may be reached
because of accumulation. Moreover, the strong subjective
central nervous system (CNS) effects may greatly ex-
aggerate any specific analgesic effect through an un-
specific placebo response. This phenomenon has been well
documented (in another context) by Romundstad et al.21

SHORT INFUSION REGIMEN

The short infusion regimen consists of 3mg/kg lidocaine
over one hour using an infusion pump.

� Higher doses have been given by other groups:
– Rowbotham et al.22 – 5mg/kg over one hour,
maximum 450mg, all patients achieved plasma
levels 41mg/mL, the maximum being 4.8 mg/mL
(see below for relevance).

– McQuay and Moore23 stated ‘‘The best
documented effective dose of intravenous
lidocaine was 5mg/kg, which was well tolerated
when infused over 30 minutes.’’

– In our paper,14 we reported on an infusion of
5mg/kg over two hours; at one hour, plasma levels
as high as 10mg/mL were seen (see below). Caution
must therefore be exercised with higher doses.

FOUR-HOUR INFUSION

The four-hour infusion administers 2mg/kg over four
hours by infusion pump.

� We also reported an infusion of 1mg/kg over two
hours. All patients achieved plasma levels 41mg/ml
after �15 minutes, with a maximum of 2 mg/mL
(� standard error of the mean (s.e.m.) 0.6) at two
hours.14

� This is a relatively safe technique and should be
considered the method of choice in those patients for
whom there is concern about epilepsy or cardiac
disease.

� We have extended the duration of infusion from two
to four hours as we feel that the longer the infusion,
the better the result.14, 24

An ‘‘extended’’ six-hour infusion, 5mg/kg over six hours
by infusion pump, has also been described. This higher
dose has been given over an extended period in a small
study with benefit on percentage pain intensity difference
over lower doses and placebo, but larger sample sizes are
required to confirm these results.25

To summarize:

� Plasma levels of 1–2 mg/mL appear to be adequate for
a reduction in neuropathic pain.

� All patients should be ‘‘nil by mouth’’ for the
procedure. With the four-hour infusion method, we
normally feed patients after one hour of the infusion,
as we feel that toxicity is unlikely and our main
reason for starving relates to the rare incidence of
lidocaine allergy. Diabetic patients are often not
starved for the four-hour 2mg/kg infusion.

� Informed, written consent must be obtained.
� It is the four-hour 2mg/kg infusion that we routinely

use on the ward for inpatients. With appropriate
arrangements, the doctor setting up the infusion is
only with the patient for the first 30 minutes and the
ward staff monitor thereafter.

� Full monitoring (electrocardiograph (EKG), blood
pressure (BP), and oxygen saturation (SpO2)) is
instigated. In the bolus regimen, BP is measured
every five minutes for the duration of the test and 30
minutes after the last bolus. For the infusion
techniques, BP is measured every five minutes for 30
minutes, then every 15 minutes for the duration of
the infusion. EKG and oxygen saturation monitoring
is continuous.

� Lidocaine is diluted with saline to a volume that is
easy for the pump to infuse, e.g. 60mL.

� Pain scores (VAS, short-form McGill Pain
Questionnaire (MPQ) or some alternative) should be
measured every 15 minutes.

� If QST is employed, it is used before and just after
the infusion.
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� Following a positive response to intravenous
lidocaine, some patients obtain significant benefit
associated with repeated infusions of lidocaine. We
currently run a nurse-led clinic where some patients
return every three months for their intravenous
lidocaine infusion.

� The correlation of benefit to the patient between oral
mexiletine and intravenous lidocaine is not clear.26

However, following a positive low-dose lidocaine,
placebo-controlled, double-blind test infusion, it is
traditional for a patient to try oral mexiletine if the
test is positive. The author would normally start with
mexiletine 50mg and titrate up to mexiletine 10mg/
kg/day (see Chapter 19, Antiepileptic and
antiarrhythmic agents in the Chronic pain volume in
this series and Chapter 12, Antiepileptics,
antidepressants, and local anesthetic drugs, for other
regimens). The failure of intravenous lidocaine to
predict responsiveness to oral mexiletine may
represent a lack of central effect by mexiletine.

Side effects and their management

� Allergic reactions are rare27 and are managed as for
any allergic response.

� Most side effects are dose related.20, 28 This makes the
procedure very safe, if performed with caution. Heart
failure and increasing age may result in an
accumulation of lidocaine, resulting in an increased
risk of toxicity.
– For neuropathic pain, therapeutic plasma levels

appear to be 1–2 mg/mL.14, 24, 26

– Light-headedness, feeling drunk, and sedation
occur at around 4–5 mg/mL. Other minor,
subjective, CNS symptoms may occur, such as
circumoral numbness, dizziness, and tinnitus.

– Serious neurotoxicity is felt to occur at levels of
10–15 mg/mL, and minor CNS symptoms should
warn of the risk of the more serious convulsions.

– Cardiac side effects due to the lidocaine, such as
heart block, asystole, and negative inotropic
effects, have been reported. These are usually
associated with large doses of lidocaine
administered over a short period of time, with
children and the elderly, and with patients with
severe cardiac disease. Convulsions and hypoxia
may contribute to these cardiac events. Early
treatment of convulsions and hypoxia may prevent
cardiac complications.

Practical tips

Lidocaine should be diluted in saline to a volume that
makes calculation of the infusion rate easy, e.g. 60mL.
Ensure that the lidocaine and saline are carefully and
adequately mixed. All infusions should be labelled and
used immediately.

Efficacy

Evidence shows that intravenous lidocaine is most effec-
tive for neuropathic pain of peripheral origin.23, 25 It can
also be tried for all conditions suspected of having com-
ponents of neuropathic pain or where central sensitiza-
tion may be present. Intravenous lidocaine may reduce
muscular pain, such as that associated with fibro-
myalgia.18[V] A recent Cochrane review of systemically
administered local anesthetic agents for neuropathic pain
selected 32 controlled clinical studies using lidocaine (16
trials) and mexiletine (12 trials).29 It concluded that
lidocaine and oral analogs were safe drugs in controlled
clinical trials for neuropathic pain, were better than pla-
cebo (weighted mean difference (WMD)=�11; 95 per-
cent CI, �15 to �7; po0.00001), and were as effective as
or equal to morphine, gabapentin, amitriptyline, and
amantadine. [III] The authors suggest that future trials
should enrol specific diseases and test novel lidocaine
analogs, for example AN-132, with better toxicity profiles
with more emphasis on outcomes measuring patient
satisfaction to assess if statistically significant pain relief is
clinically meaningful.

To summarize:

� repeated doses of intravenous lidocaine may be
helpful for pain management;

� intravenous lidocaine is known to be safe if used
judiciously and with care;

� intravenous lidocaine may indicate that an oral
analog of lidocaine (e.g. mexiletine) could be helpful
in managing a patient’s pain. However, only a few
patients respond to oral mexiletine.

INTRAVENOUS PHENTOLAMINE

Background

Animal models of neuropathic pain30, 31 and the capsaicin
model in humans32 have indicated that the sympathetic
nervous system may be involved in the development and
maintenance of pain. Intravenous phentolamine has been
shown to produce pain relief in some patients with
chronic pain.33, 34, 35, 36[II] [III] In early studies,
approximately 50 percent of patients with reflex sympa-
thetic dystrophy (RSD) were thought to have sympathe-
tically maintained pain (SMP), as determined by an
intravenous phentolamine test, first described by Arner.34

RSD was later renamed complex regional pain syndrome
(CRPS) type I, because far from all patients with CRPS
have sympathetically maintained pain. Pain conditions
other than the CRPS may also exhibit sympathetic
maintenance.

It has recently been demonstrated in a patient whose
pain is relieved by symapthetic blockade, that C-fibers
could be activated following strong endogenous
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sympathetic bursts, and for about three minutes following
the injection of norepinephrine into their innervation
territory.37 The authors conclude that sensitized
mechano-insensitive nociceptors can be activated by
endogenously released catecholamines. This gives us the
most direct evidence of sympathetically maintained pain.

Interestingly, the reduction in pain associated with
intravenous phentolamine may persist even after phen-
tolamine has theoretically been eliminated from the
body.35 Also, the onset of pain relief may be hours or even
days after the infusion has ended. There is a complex
relationship between the results of an active infusion and
a placebo infusion. Some authors have disputed the
results of intravenous phentolamine infusion trials, sug-
gesting that the results are due to the placebo response,38,
39, 40, 41 and the evidence base has changed little in the
past five years.42 There are other ways of investigating
whether or not a pain is sympathetically maintained than
intravenous phentolamine. However, these other tests
have their own problems. For instance, local anesthetic
sympathetic trunk blocks (including stellate ganglion
blockade) may block somatic afferent input. They may
also be associated with significant systemic levels of the
local anesthetic being achieved. Both of these may result
in false-positive tests. A regional intravenous guanethi-
dine block (with tourniquet cuff applied to the proximal
part of a limb) cannot be used to investigate whether a
pain is sympathetically maintained. Such blocks are often
associated with the tourniquet cuff producing a pressure
blockade of the Ab afferent neurons, which would reduce
the phenomenon of allodynia. Also, over a period of time,
Ad- and C-fiber acute nociceptive afferents would also be
blocked by the pressure of the cuff. Finally, the procedure
often involves the use of local anesthetic that inhibits the
effect of guanethidine on noradrenaline release and
reuptake, and lidocaine would modify the pain pathways
both peripherally and centrally.

Indications

Complex regional pain syndromes types I and II are the
principal indications. The test may be used to investigate
many other pains, including central neuropathic pain,
visceral pain, and myofascial pains. VAS scores should be
greater than 5 out of 10 on the day, and the pain scores
should not fluctuate significantly over short periods of time.

Contraindications

These include conditions where hypotension may be
detrimental, e.g. ischemic heart disease and cerebral vas-
cular disease. Asthma/bronchospasm may be considered a
relative contraindication as intravenous propranolol may
also be required. Patients who cannot lie supine should
also be excluded. Care should be exercised with patients
that have peripheral vascular disease.

Doses and paradigms

At our pain management center, we use a modified ver-
sion of the Baltimore protocol:43

� phentolamine 0.5mg/kg over 20 minutes for frail
patients;

� phentolamine 1mg/kg over 10 minutes for fit patients.

To summarize:

� all patients should be ‘‘nil by mouth’’ for at least six
hours before the procedure and provide informed,
written consent;

� full monitoring is instigated (EKG, BP, SpO2), with
BP every five minutes. EKG and saturation
monitoring are continuous. Monitoring should be
continued until observations have returned to
baseline with no postural hypotension and for at
least 0.5 hours after the last of the phentolamine has
been infused;

� the patient lies flat during the infusion phase;
� an intravenous solution of sodium lactate

intravenous compound (Hartman solution) or saline
is instigated (4–8mL/kg). The intravenous line
should be long enough so that, with a three-way tap,
intravenous injections may be given to a patient
without the patient knowing the exact timing of
injection of the individual agents;

� pain scores (VAS, short-form MPQ, or some
alternative) should be measured every five minutes
during the test and for 30 minutes after the last dose
of phentolamine;

� after 15 minutes of the Hartman/saline infusion and
measuring baseline pain scores, 1–2mg of
propranolol is given as a slow intravenous injection;

� ten minutes after the intravenous propranolol,
phentolamine is infused according to the above dose
regimen;

� significant hypotension is unusual if the patient is fit
and recumbent. However, if a fall in blood pressure
does occur, it is usually treated with intravenous
infusions as appropriate. Care on mobilizing the
patient must be exercised, in view of the risk of
postural hypotension;

� QST may be combined with the phentolamine test.
Cold allodynia is said to be associated with SMP,44

and in our laboratory we have seen cold allodynia
resolved with the phentolamine test.

Side effects and their management

� Propranolol may result in bradycardia and possibly
cardiac failure. Peripheral vascular disease may also
be exacerbated. Bronchospasm is a real risk in
asthmatics.
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� Phentolamine will cause significant hypotension, which
can be prevented by the patient adopting a reclined
posture and receiving intravenous solutions. Without
propranolol, the patient will develop tachycardia.45

Pharmaceutical considerations

Phentolamine (Rogitine, Regitine) 10mg/mL is adminis-
tered in 1mL ampoules. Dilute to a manageable volume
with saline 0.9 percent.

Practical tips

Both propranolol and the saline infusion prior to phen-
tolamine serve as a placebo as well as preventing the side
effects (hypotension and tachycardia). The injections
should be given blind to the patient, hence the need for an
intravenous drip extension with a three-way tap. A
positive phentolamine test occurs when there is a sig-
nificant fall in pain (30–50 percent) associated with the
phentolamine and not the placebo infusion or propra-
nolol. In the event of headaches, not using the propra-
nolol is a consideration as propranolol may in its own
right reduce the severity of certain headaches.

Efficacy

Whilst there is more acceptance that pain is sympatheti-
cally maintained in some patients, efficacy of phentola-
mine has not yet been adequately tested.42 Despite this, the
authors feel that the test is useful and that it helps to
identify a group of patients who may respond to other
types of sympathetic blockade. We will continue to use the
test in our pain management center until further evidence
is available. For studies on the effect of sympatholytic
therapies, it is essential that the patient has sympathetically
maintained pain or components of a complex pain that are
sympathetically maintained. The phentolamine test is one
way of selecting appropriate patients for such studies.

To summarize:

� in certain pain conditions, the pain may be
maintained by the sympathetic nervous system.
Blocking the sympathetic system may reduce the
perceived pain;

� transient blockade of the sympathetic system by
means of an intravenous phentolamine test is a
specific method of investigating whether a pain is
sympathetically maintained.

INTRAVENOUS KETAMINE

Background

There is accumulating evidence for the importance of the
N-methyl-D-aspartate (NMDA) receptor channel in the

development and maintenance of chronic persistent
pain. It is particularly important in central sensitization
and opioid tolerance.46, 47 However, NMDA receptors
may also mediate peripheral sensitization and visceral
pain.47 Ketamine has been used as a general anesthetic
and as an intravenous analgesic in burns and accident
and emergency units for many years. It is thought to act
primarily at the NMDA receptor, although it may also
have actions at sodium channels and m-opioid recep-
tors.48 Ketamine has been shown in animal models of
neuropathic pain to reduce central sensitization and
wind up (see Chapter 16, Opioids and chronic non-
cancer pain in the Chronic Pain volume of this series;
Chapter 12, Clinical pharmacology of opioids: basic
pharmacology in the Cancer Pain volume of this series;
and Chapter 10, Treatment protocols for opioids in
nonmalignant pain). It has been found to be useful in a
number of chronic pain states, including peripheral
neuropathies with allodynia, stump and phantom pain,
central pain, and cancer-related pain with and without a
neurological component.49, 50, 51, 52, 53[III] Ketamine may
be useful in opioid-resistant pain in which the ketamine
may restore the opioid dose–response curve toward
normal.50, 54

Oral ketamine has a bioavailability of about 17 per-
cent (see below under Doses and paradigms). An
intravenous infusion test dose is a quick way of estab-
lishing whether treatment with oral ketamine is a
possibility. Certain chronic pain patients, especially
those with cancer pain, may be sent home on an infusion
of ketamine, which may be either subcutaneous or
intravenous. Ketamine is a drug which is associated
with abuse potential, and great care must be exercised if
a patient is to be managed at home on parenteral
ketamine.

Topical preparations of ketamine exist, the theory of
their benefit lying in ketamine’s peripheral action at both
opiod, sodium, and potassium channels.55 However, the
studies on its use are small, and the mechanism of action
may still be via systemic absorption.56

Indications

� Neuropathic pain states and patients with pain that
is resistant to opioids.

� Cancer pain patients: particularly in the terminal
stages and patients with head and neck cancer
(airway maintenance).

Contraindications

These include hypertension, cardiac disease, and psy-
chotic states. Swallowing problems may be a relative
contraindication in view of increased salivation.
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Doses and paradigms

� All patients should be nil by mouth for at least six
hours before the procedure and provide informed,
written consent.

� Full monitoring is instigated (EKG, BP, SpO2), with
BP checked every five minutes. EKG and saturation
monitoring are continuous. Monitoring should be
continued until observations have returned to
baseline; normally, this would be for one hour after
the end of the infusion.

� Intravenous access is established, and a syringe driver
is set up to deliver ketamine 0.15mg/kg over 20
minutes. Normally, ketamine is diluted to 20mL with
saline; we use a 60-mL syringe and infuse at a rate of
60mL/hour.

� Pain scores (VAS, short-form MPQ, or some
alternative) should be measured every five minutes
during the test, and for 30 minutes after the last dose
of ketamine.

� QST may be combined with the ketamine test.
� The test is terminated if:

– the pain is abolished completely or the VAS score
is less than 20/100;

– the patient experiences dysphoria or extreme
drowsiness;

– BP becomes greater than 30 percent of baseline.
� The patient may be discharged one hour after the

end of the infusion providing observations have
returned to normal/baseline and there are no residual
central nervous system effects.

� If the patient has a significant reduction in pain and
minimal side effects, oral ketamine may be substituted.
The calculation for the dose is difficult. In general, the
final oral dose of ketamine is calculated by taking into
account the dose infused to provide analgesia and the
variable bioavailability of oral ketamine, which is
between 10 and 20 percent of the intravenous dose.
However, the usual starting dose of oral ketamine is a
maximum of about 100mg/day,57 the final dose being
arrived at by careful titration. Some patients may not
even tolerate 100mg/day.

Side effects and their management

Tachycardia and hypertension may result in the test being
abandoned. Hallucinations and psychotic states may also
be a problem. These side effects are usually curtailed by
stopping the infusion, but may continue for many
hours.58 Hypersalivation may also occur.

Pharmaceutical considerations

Ketamine (Ketalar) infusions may be diluted with 5 per-
cent glucose or normal saline. Note, ketamine is a general
anesthetic agent, so overdose will result in an anesthetized
patient!

Practical tips

A small dose of atropine or glycopyrronium bromide
(glycopyrrolate) may reduce the salivation. Psychotic
states may be prevented by reduced lighting and a quiet
enviroment; they may respond to midazolam.

Efficacy

The response to an intravenous ketamine infusion has
been found to predict the subsequent response to an oral
dextromethorphan treatment regimen in fibromyalgia
patients, so the intravenous ketamine test might reduce
unnecessary treatment trials.59

An evidence-based review found level II evidence of
pain relief in fibromyalgia and ischemic pain, but for
nonspecific neuropathic pain, level II and level IV studies
reported divergent results with questionable long-term
effects.60 For phantom limb pain and postherpetic neur-
algia (PHN), level II studies provided objective evidence
of reduced hyperpathia, and pain relief was usually sub-
stantial either after parenteral or oral ketamine. This
conflicts with later work which suggests that intravenous
ketamine is not associated with efficacy in PHN, although
this may reflect lack of data rather than lack of effect.61

Acute or chronic episodes of severe neuropathic pain
represented the most frequent use of ketamine as a ‘‘third-
line analgesic,’’ often by intravenous or subcutaneous
infusion.60[IV] Ketamine shows some promise in the
treatment of CRPS, but the evidence so far is weak.62, 63 In
cancer pain, two small trials have shown that intravenous
ketamine improves the effectiveness of morphine, but
data are insufficient to assess the effectiveness of ketamine
in this setting.64[III]

To summarize:

� ketamine is a general anesthetic. However, in lower
doses it has good analgesic properties;

� ketamine is an NMDA antagonist and appears to
reduce secondary hyperalgesia by a mechanism
independent of opioid effects;

� an intravenous drug trial of ketamine may be used to
determine whether oral ketamine may be of benefit
to a patient;

� oral bioavailability is variable and care must be taken
when calculating an oral dose of ketamine from an
intravenous dose. Start oral ketamine judiciously;

� evidence for efficacy of ketamine for treatment of
chronic pain is moderate to weak.

INTRAVENOUS OPIOIDS

Background

Opioids are well recognized as having an important role
in the management of acute pain. In nonacute pain, the
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role of opioids is more debatable. If opioids are to be used
in nonacute pain conditions, it is important that the
efficacy be proven. Prescribing opioids to a patient with
an opioid-insensitive pain may not only produce un-
necessary side effects, but also predispose the patient to
opioid addictive behavior and, because of this, guidelines
exist for prescribing opiods in chronic pain.65, 66

Neuropathic pains may be sensitive to opioids,
although this may be a relative phenomenon in which
large doses of opioids may produce an analgesic response,
but side effects are limiting.67 A recent systematic review
concluded that intermediate-term studies demonstrate
significant efficacy of opioids over placebo in the treat-
ment of neuropathic pain, but that long-term efficacy has
yet to be established.68[III] Certain opioids may be more
beneficial in neuropathic pains than others. For instance,
methadone is thought to have NMDA receptor antagonist
properties.69 Such activity may be advantageous in the
management of neuropathic pains. It must also be
remembered that whereas the neuropathic component of
a patient’s pain may be relatively unresponsive to an
opioid, the nociceptive component, frequently also pre-
sent, will be responsive. Pethidine has local anesthetic
properties and may therefore have certain advantages in
the management of pain where aberrant sodium channel
activity is an issue. However, due to its short half-life
(which often leads to addictive behavior), the risk of
norpethidine accumulation and subsequent convulsions,
plus lack of any real evidence that it is superior to mor-
phine for visceral pain, the authors of this chapter cannot
recommend it. In fact, we actively discourage its use.
Oxycodone, however, may be a useful alternative to
morphine in the treatment of visceral pain syndromes.70

Intravenous opioid drug challenges are notoriously
difficult to perform. Side effects may interfere with the
test if the opioid is administered too quickly and the
potential benefits from the opioid may be missed.
Also, there is some debate about which opioid should be
used. Should a placebo also be given and should the
opioid be reversed with naloxone or such similar agent?
There is an argument that, even if the intravenous opioid
test is positive, an oral opioid test must be carried out
before the patient is started on prolonged oral opioid
treatments.

Indication

Intravenous opioids are indicated for use in nonacute
pains that are not responsive to other treatments.

Contraindication

� Opioid sensitivity and allergy; drug addiction.
� Relative contraindications include a past history of

drug addiction and patients with severe respiratory
disease.

Doses and paradigms

� Morphine: the patient may need to be an inpatient.
The Oxford group67, 71 have used a patient-controlled
analgesia system with nurse/observer measurement of
analgesia, mood, and adverse effects.

� Remifentanil: this is a new approach, which may
offer a more rapid procedure.72

� Alfentanil: in patients without previous exposure to
strong opioids, we normally inject 100-mg aliquots
every minute up to a maximum of 1000 mg (ten
times 100-mg aliquots). Each incremental dose is
given in the absence of effect or side effects. Higher
doses may be required in patients either taking
opioids or with a history of previous exposure to
opioids. Higher doses may also be given in the
absence of effect or side effects.
– Intravenous access is obtained and oxygen

supplementation is applied, as is full
monitoring, including measurement of the
patient’s oxygen saturation. Falls in oxygen
saturation may occur late, and monitoring of
depth and frequency of respiratory effort as well
as levels of consciousness is mandatory. VAS
scores should be measured before each increment.
It may be necessary to have different VAS
measurements for different components of the
patient’s pain.

– Reversal with naloxone should be contemplated in
patients not routinely on maintenance opioids. We
would normally inject naloxone 100mg
intravenously every minute to a total of 400 mg in
the absence of a positive response (i.e. return of
VAS to baseline).

Side effects and their management

The principal side effect is respiratory depression. Only
personnel trained in the recognition and treatment of
respiratory depression should perform the procedure. Full
monitoring, resuscitation equipment, and naloxone must
be available.

Practical tips

As a placebo, low-dose intravenous benzodiazepine could
be considered. The effects of the benzodiazepine could
be reversed with flumazenil (Anexate) as a part of the
test.

Efficacy

Opioids are effective for both neuropathic and muscu-
loskeletal chronic pain, but patients have not been studied
in the long term with regard to tolerance and addiction.73
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To summarize:

� opioids may have an important role in the
management of chronic pain. Some form of opioid
challenge (oral or intravenous) should be instigated
prior to starting regular oral opioids;

� only an appropriately trained person, with full
monitoring and resuscitation equipment available to
them, should undertake the opioid challenge;

� different opioids may have different effects and side
effects;

� there are now numerous guidelines published for the
long-term use of opioids in patients with persistent
pain.
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KEY LEARNING POINTS

� Clinical examination and history of the disease is of

major importance in guiding the choice of laboratory

tests.
� Laboratory tests are seldom diagnostic.

� A laboratory test should only be required in an attempt

to refine the diagnosis further.
� Laboratory tests may be used to assess the degree of

disease activity.

INTRODUCTION

This chapter discusses the various laboratory examina-
tions used in the elucidation of different causes of pain of
more than a few days’ duration. A thorough clinical
examination including a history of the disease is of major
importance and will guide the choice of laboratory tests.
Thus, the number of tests of relevance will primarily be
dependent upon the differential diagnosis.

The following basic laboratory tests will often be
important in clinical examinations to assess organ function:

� hemoglobin (Hb), erythrocytes, leukocytes, platelets
(bone marrow);

� alanine aminotransferase (ALAT), aspartate
aminotransferase (ASAT), alkaline phosphatase
(ALP), g-glutamyl transferase (gammaGT), albumin
(liver function);

� creatinine and urine examination (kidney function).

In addition, the following laboratory assessments may be
useful, depending on the history and clinical examination
of the pain patient.

Serum protein electrophoresis

Serum protein electrophoresis is primarily used to
identify patients with multiple myeloma and other
serum protein disorders. The proteins are separated
based on their physical properties. A homogeneous
spike-like peak in a focal region of the gamma-globulin
zone indicates a monoclonal gammopathy, which is
associated with a clonal process that is malignant or
potentially malignant, including multiple myeloma and
Waldenström’s macroglobulinemia.1 In contrast, poly-
clonal gammopathies may be caused by any reactive or
inflammatory process.1



Creatine kinase

Creatine kinase (CK) is an enzyme catalyzing the reaction
from creatine phosphate to creatine, and the enzyme is
mainly found in skeletal muscles, heart, and brain, where
there are different amounts of the isoenzymes. CK levels
are usually normal in the electrolyte and endocrine
myopathies (notable exceptions are thyroid and potas-
sium disorder myopathies).2, 3, 4 However, the CK level
may be highly elevated (10–100 times normal) in the
inflammatory myopathies and can be moderately to
highly elevated in the muscular dystrophies.3, 5 Other
conditions that can be associated with elevated CK levels
include sarcoidosis, infections, alcoholism, and adverse
reactions to medications. Metabolic (storage) myopathies
tend to be associated with only mild to moderate eleva-
tions in CK levels.3, 6

Other tests

Electrolytes (calcium, phosphate, magnesium), as well as
glucose, may be useful in assessments of muscle weakness
of uncertain origin.7

In patients with pain, it will often be necessary to
examine for nutritional or hormonal causes.

NUTRITIONAL DEFICIENCIES

Vitamin B12

As many as 15–20 percent of people over the age of 65
years are estimated to be deficient in B12.

8, 9 Pernicious
anemia is a marker of B12 deficiency, but it is inadequate
on its own since B12 deficiency exists in the absence of
anemia. The nonhematological manifestation of B12
deficiency results in nerve dysfunction, including neuro-
pathy.10 It is likely that the peripheral neuropathy is
linked to the diffuse myalgia that is sometimes seen in B12
deficiency and this improves with B12 replacement.10, 11

However, there are few studies on the link between
nutritional deficiencies and pain syndromes.

Iron

Iron deficiency in muscle occurs when muscle ferritin is
depleted. Iron is essential for the generation of energy
through the cytochrome oxidase enzyme system, and
deficiency causes fatigue, poor endurance, and can cause
muscle pain.12 Iron loss as determined by low ferritin
levels does not correlate directly with anemia, since the
first stage of iron loss is associated with depletion of freely
accessible iron stores in muscle, liver, and bone marrow.10

Chronic tiredness and unusual fatigue with exercise may
be symptoms of iron deficiency. High ferritin levels are
seen in hemochromatosis, where deposits may cause
arthralgia and arthritis.13

Vitamin D

Vitamin D deficiency may be associated with muscu-
loskeletal pain, loss of type II muscle fibers, and proximal
muscle atrophy,14, 15 and the deficiency is detected by
measuring 25-OH vitamin D. A high percentage of sub-
jects with chronic musculoskeletal pain may be found to
be deficient in vitamin D.16

HORMONE ANALYSES

Thyroid function tests (thyroid-stimulating hormone
(TSH), free thyroxine (FT4)) should routinely be per-
formed in patients who present primarily with complaints
of widespread pain and fatigue to rule out overt hypo-
thyroidism as the cause of these symptoms.17 Measure-
ment of serum TSH is the best initial laboratory test of
thyroid function and should be followed by measurement
of free thyroxine if the TSH value is low (and of thyroid
peroxidase antibody if the TSH value is high).18 Some
patients may have low T3 syndrome, with a T4 to T3
conversion disorder (possibly secondary to a long-term
stress disorder), and they may need substitution of both
hormones.19

ACUTE PHASE REACTION

As part of an examination, it will often be of interest to
examine for inflammation or infection, which may be
assessed indirectly by use of acute phase proteins. The
acute phase reaction is a major pathophysiologic phe-
nomenon that accompanies inflammation and/or infec-
tions. Despite its name, this reaction may be chronic if the
inflammation or infection is longstanding. In all instances
where inflammatory cytokines are released, increased
levels of the acute phase proteins are seen, which will be
the case in inflammatory diseases, infections, trauma, and
various neoplasms.20, 21, 22, 23 Acute phase protein synth-
esis by hepatocytes is induced largely by the cytokines that
participate in the local inflammatory process and are
secreted primarily by activated monocytes, macrophages,
and endothelial cells. Interleukin 6 (IL-6) is the major
inducer of acute-phase changes, while IL-1 and tumor
necrosis factor-alpha (TNFa) play more limited roles.20, 22

Acute phase protein levels do not always change coordi-
nately, which suggests independently regulated mechan-
isms for the regulation of synthesis. They increase by at
least 25 percent during inflammatory states. There are
several acute phase reactants that may be used in the
clinics, where those increasing in concentrations are called
positive reactants (e.g. C-reactive protein (CRP), serum
amyloid A (SAA), fibrinogen, ceruloplasmin, alpha-1-
antitrypsin, haptoglobin, ferritin, and several complement
components) and those decreasing during the acute phase
are called negative reactants (e.g. albumin, transferrin,
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and transthyretin). The degrees of increment in con-
centration vary between ceruloplasmin with approxi-
mately a 50 percent increase, to a 1000-fold increase
for SAA.

C-reactive protein

CRP is the most widely assessed acute phase protein. One
of its functions is to activate the complement cascade
resulting in opsonization and phagocytosis.24 CRP is not
only important in the host’s innate immune defense, but
also in the protection against autoimmune diseases by its
ability to help in opsonizing and phagocyting nuclear
components.24, 25, 26 Following an acute inflammatory
stimuli, the concentration of CRP may rapidly rise for
two to three days, to peaks that generally reflect the extent
of tissue injury. When the stimulus subsides, the levels fall
rapidly, with a half-life of about 18–19 hours.24, 27 Most
apparently healthy adults have serum CRP levels of less
than 2mg/L, although concentrations up to 10mg/L are
not unusual. Concentrations between 10 and 100mg/L
can be considered moderate increases, and concentrations
greater than 100mg/L are marked increases.28, 29 As with
all the acute phase proteins, CRP is not specific. However,
it has in several studies been shown to be very useful in
the evaluation of the degree of inflammation, infections,
and necrosis, and levels up to several hundred milligrams
per liter have been found in severe inflammatory or
infections diseases.30 Some patients with inflammatory
joint disease have normal/low levels in spite of active
disease. However, the degree of CRP elevation is usually
associated with the severity of inflamed joints.30 In some
inflammatory diseases, like systemic lupus erythematosus
(without serositis or arthritis), ulcerous colitis, dermato-
myositis, and Sjögren’s syndrome, only a modest to absent
CRP response is seen, despite active inflammation.24 CRP
may be helpful in separating viral and bacterial infections,
since normal or low CRP levels are regularly found in
viral infections, while elevated levels are found in bacterial
infections, with the levels indicating the severity of
infection.31

Erythrocyte sedimentation rate

Over many years, the erythrocyte sedimentation rate
(ESR) has been the most widely used marker of inflam-
mation or infection. The level reflects the degree of ery-
throcyte aggregation and is the measured fall or setting in
a vertical column (usually a 200-mm glass tube) of red
blood cells within one hour at room temperature (the
classical Westergren’s method).32 The degree of sedi-
mentation is dependent on the number and shape of
the erythrocytes, as well as serum proteins, that influence
the tendency to aggregate erythrocytes.33 Asymmetric,
charged proteins decrease the natural tendency of

erythrocytes to repel each other, leading to red blood cell
aggregation and rouleaux formation. The acute phase
protein fibrinogen is the most prevalent of the asym-
metric acute phase proteins and has the greatest effect on
ESR levels. ESR will thus indirectly reflect the acute phase
reaction. The immunoglobulins, especially the pentamer
IgM as well as high amounts of IgG, will also increase red
blood cell aggregation and cause increased ESR. Anemia
may cause increased,34 and polycythemia decreased,33

levels of ESR, and in addition, alterations in size and
shape of erythrocytes may physically interfere with
the rouleaux formation. ESR is thus an unspecific marker
of inflammation, infection, malignancies, and necrosis.
However, during pregnancies, there are normally
increased levels of fibrinogen and ESR will thus be ele-
vated.35 Under the age of 50 years, the upper limits of
normal ESR are 15mm per hour for males and 20mm per
hour for females, while over the age of 50 years, the levels
are 20mm per hour and 30mm per hour, respectively.36

SEROLOGIC MARKERS

Rheumatoid factor

Rheumatoid factors (RF) are antibodies directed against
the Fc portion of the IgG molecule. In routine assays, the
IgM-RF is measured, while all the isotypes (IgM, IgG, and
IgA) may be measured by enzyme-linked immunosorbent
assays (ELISA).37 RF was first identified in sera from
patients with RA, but it is not specific for this disease. The
cut-off level implies that approximately 5 percent of
healthy Caucasian subjects are RF-positive, and the pre-
valence of positive reactions increases with age.38 In early
RA, the sensitivity for RA assessed by RF measurement
have been found to be between 50 and 77 percent, while
the specificity is limited.37, 39 Positive RA tests are also
found in patients with other autoimmune diseases, like
Sjögren’s syndrome and systemic lupus erythematosus
(SLE), as well as in malignancies and in chronic infec-
tions.40 If IgM and IgA-RF are combined, there is an
increased specificity for RA.41 Patients with IgA-RF have
been reported in several studies to have a more severe RA
evaluated by disease activity and radiological progres-
sion.42, 43 A high titer of RF has been associated with a
more severe disease,44 and treatment response is followed
by decrease in RF levels.45 The assessment of RF is of
clinical relevance only if the patient is suspected to have
arthritis, where the presence of RF will be of diagnostic
and prognostic value.

Anti-cyclic citrullinated protein

The autoantibody system most specific for RA known to
date is that directed to citrullinated antigens. The citrul-
line moiety, which is the essential part of the antigenic
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determinant in these antigens, is posttranslationally gen-
erated by peptidylarginine deiminases (PAD).46, 47 Several
tests are available and they have different sensitivity and
specificity for RA. All have a high specificity, most often
more than 90 percent, while the sensitivity ranges from
about 40–90 percent.48, 49 The antibodies are often pre-
sent in the early stages of the disease and are predictive of
disease outcome.50, 51, 52, 53, 54 One may speculate that the
anti-cyclic citrullinated protein (anti-CCP) antibodies
may be of pathogenetic significance, where in genetically
disposed individuals (especially people having special
HLA-DR alleles, so-called shared epitopes), fragments of
the citrullinated proteins may be presented to the
immune system in the joints, resulting in an up-regula-
tion of the immune response. In this way anti-CCP
contributes to the perpetuation of joint inflammation.46

Analysis of anti-CCP antibodies is useful for the evalua-
tion of prognosis in individual patients with early rheu-
matoid arthritis.55 The high specificity for RA makes it
useful to distinguish RA patients from patients with SLE56

and RA-like arthropathies in chronic hepatitis C virus
infections57, 58 and polymyalgia rheumatica.59

Antinuclear antibody

Autoantibodies, a hallmark of SLE, are typically present
several years before diagnosis.60 Several of these anti-
bodies, which number over 100, have been associated
with disease activity.61, 62 They target nuclear and cyto-
plasmic antigens. These antigens are present in all
nucleated cells and have a role in transcription or trans-
lation, in the cell cycle, or as structural proteins.63 Vir-
tually all patients with SLE have antinuclear antibodies
(ANA), while most patients with ANA do not have SLE.
Positive ANA are common in the sick elderly population64

and in about one-third of healthy individuals at the
lowest dilution.65 The test is semi-quantitative at best and
is poorly standardized between laboratories consequently
lacking in appropriate reference preparations. An ANA
titer of lower than 1:160 makes SLE very unlikely.65 In the
laboratory, pathological ANAwill be characterized further
for specific ANA targeting individual antigens like dou-
ble-stranded (ds)DNA, SS-A/Ro, SS-B/La, Smith, and
RNP. Anti-dsDNA antibodies are specific (95 percent) for
SLE, though not highly sensitive (30–76 percent), making
them very useful for diagnosis when positive.65, 66, 67

However, they are occasionally also found in other
autoimmune disorders. High titers in SLE are associated
with active glomerulonephritis. Anti-Smith antibodies are
found in only 5–30 percent of patients with SLE, but are
highly specific.65, 68 The anti-RNP antibodies are found in
40–60 percent of SLE patients, but are primarily a
defining feature of mixed connective tissue disease
(MCTD), and are also found in other autoimmune dis-
eases.69 Anti-SSA/Ro and anti-SSB/La are found in about
50 percent of SLE patients and in up to 90 percent of

patients with Sjögren’s syndrome.70 The ANA may thus be
useful in diagnosing patients with history and clinical
examination, indicating a connective tissue disease.

Antineutrophil cytoplasmic antibodies

Antineutrophil cytoplasmic antibodies (ANCA) are pre-
dominantly IgG auto-antibodies directed against con-
stituents of primary granules from neutrophiles and
monocytes. Although several antigenic targets have been
identified, those ANCAs directed to proteinase 3 (PR3) or
myeloperoxidase (MPO) are clinically relevant, whereas
the importance of other ANCAs remains unknown.71 The
MPO is the major antigenic target of perinuclear ANCA,
while PR3 is the major autoantigen in the cytoplasmic
ANCA pattern. ANCA is primarily useful to assist in
diagnosis of small-vessel vasculitis.72 In generalized
Wegener’s granulomatosis, PR3 is seen in 70–80 percent
and MPO in 10 percent of patients.73 In limited Wegener’s
granulomatosis, ANCA are detected in only 60 percent of
cases. In patients with microscopic polyangiitis, about 60
percent have MPO and 30 percent have PR3, and in
Churg–Strauss patients, 30 percent have MPO and 30
percent PR3.73 The titers may be followed for prevention
of relapse.74, 75 Even if ANCA is part of the examination
of vasculitis, it may also be found in several other diseases,
such as antiglomerular basement membrane diseases,76

ulcerative colitis,77 and Crohn’s disease.78

Borrelia burgdorferi antibody

Lyme disease is a complex, multisystemic disease resulting
from infection with spirochete Borrelia burgdorferi, where
the initial symptoms, including erythema migrans, may
develop into the late disease if not treated with anti-
biotics. The late disease includes symptoms involving the
musculoskeletal system,79, 80 like arthritis and myalgia, as
well as neurologic features,81 such as peripheral neuro-
pathy, encephalitis, and myelitis. The diagnosis should be
based on history and physical findings suggesting the
diagnosis. B. burgdorferi antibodies can confirm but
should never be the sole criterion for the diagnosis.82

Recent exposure can usually be confirmed by IgM anti-
bodies in the serum, while IgG antibodies develop later.

GENETIC MARKERS

Human leukocyte antigen-B27

The association between a group of rheumatic diseases
called spondylarthropathies and human leukocyte antigen
(HLA)-B27 has been known for several decades.83, 84 The
SpA includes ankylosing spondylitis, psoriatic arthritis,
reactive arthritis, and arthritis secondary to inflammatory

70 ] PART I PRINCIPLES OF MEASUREMENT AND DIAGNOSIS



bowel disease.85 HLA-B27 belongs to the major histo-
compatibility complex (MHC) class I molecules, which
are multi-subunit glycoproteins on the cell surface.86 The
sensitivity and specificity of HLA-B27 for SpA in young
patients with chronic inflammatory low back pain is
about 90 percent.87 The mechanisms by which HLA-B27
confers disease susceptibility to spondylarthropathies
have remained elusive despite extensive studies for several
years. However, findings obtained from patients with
reactive arthritis suggest that HLA-B27 modulates the
interplay between reactive arthritis triggering bacteria and
immune cells, leading to abnormal host–microbe inter-
action.86 The importance of assessing this genetic marker
is primarily when history and clinical examination
indicates spondylarthropathy.

GENERAL CONSIDERATIONS

Laboratory testing for rheumatic diseases allows rapid
diagnosis and appropriate management, while false-
positive tests can lead to inappropriate management and
unnecessary concern for the patient. A thorough history
and examination are arguably the best screening tests.
Clinicians should be judicious in their use of laboratory
testing, and should only undertake these in an attempt to
further refine the diagnosis.88

ALGORITHM FOR LABORATORY EXAMINATION
OF A PATIENT WITH PAIN

� History and clinical examination alone do not give a
definitive diagnosis, and the following tests may be
useful:
– CRP and/or ESR;
– Hb, leukocytes, platelets;
– ASAT, ALAT, ALP;
– creatinine and urine reagent strips;
– TSH and FT4.

� History and clinical examination indicates symptoms
caused by nutrition deficiencies:
– vitamin B12;
– folic acid;
– iron (ferritin);
– 25-OH vitamin D.

� History of diabetes and neuropathic pain:
– blood glucose;
– HbA1c.

� History and clinical examination indicates joint
inflammation:
– RF;
– anti-CCP;
– ANA.

� History and clinical examination indicate connective
tissue disease (joint pain, changes in the skin,
alopecia, intolerance to sunshine, mouth and eye

dryness, lesions in skin or mucous membranes), or
vasculitis:
– ANA (with subgroups);
– ANCA.

� History and clinical examination indicate muscle
pathology:
– CK;
– glucose;
– TSH.

� If the history and clinical examination suggest
malignancy, the laboratory tests available in each
country will guide the specific test(s) of choice, while
a screening should include:
– blood picture;
– CRP/ESR;
– bone enzyme profile;
– liver function tests;
– electrophoresis.

Whether more of the laboratory tests mentioned here will
be necessary will depend on the history and clinical
examination of the patient.

CONCLUSIONS

In examining a patient with pain, it is essential to have a
detailed disease history for diagnostic purposes. Only a
few laboratory tests will be diagnostically significant, but
they can be useful for assessing the progression of a sus-
pected disease. Test results should be interpreted in light
of the whole clinical picture, in order to guide the diag-
nostic and therapeutic process. Ultimately, the physician
must have sufficient knowledge of the strengths and
weaknesses of laboratory tests in order to interpret their
findings correctly.
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KEY LEARNING POINTS

� Careful classification is very helpful in understanding

the underlying etiology of a peripheral neuropathy.
� Neuropathies can be classified in terms of the speed of

onset (acute versus chronic), anatomical distribution,

fiber type involvement (i.e. sensory, motor, and/or

autonomic) and underlying pathology (axonal versus

demyelinating).
� Careful clinical history, examination, and

neurophysiology are essential first steps to achieve this

classification.

� Small-fiber neuropathies represent a particular

diagnostic challenge as neurophysiology is

often normal. Assessment of epidermal innervation

by skin biopsy can be particularly helpful in this

situation.
� Nerve biopsy is associated with a significant

morbidity and should be reserved for selected

cases (i.e. investigation of a potentially treatable

neuropathy).

INTRODUCTION TO NEUROPATHY

The emphasis of this chapter will be on a pragmatic
diagnostic approach to painful neuropathy. Diagnosis can
be viewed as having three stages; confirmation that there
is indeed evidence of injury to the peripheral nervous
system; classification of the neuropathy; and finally
investigation of any underlying cause. As with all clinical
medicine, the key to this process is clinical history
and examination followed by appropriate laboratory
investigations.

Neuropathies represent one of the most common
neurological disorders with a prevalence of 2.4 percent in

the general population rising up to 8 percent with age.1

Nerve injury may lead to the dysfunction of motor, sen-
sory, or autonomic fibers in various combinations.
Patients can therefore present in a number of ways,
including negative symptoms such as sensory loss,
weakness, and autonomic dysfunction, as well as positive
symptoms such as paresthesia and pain. Virtually any
type of neuropathy can give rise to neuropathic pain, for
instance leprosy, which was thought of as a painless
neuropathy, is actually associated with a high prevalence
of neuropathic pain.2 There is no doubt that certain types
of neuropathy have a particular propensity for causing
pain and these are listed in Table 7.1.



THE CLASSIFICATION OF NEUROPATHY

A classification of neuropathy is useful in providing a
mental framework on which to work when undertaking
the clinical history and examination.

Anatomical classification

This is based on the distribution of the nerve fibers
involved in the neuropathy. Anatomically, a neuropathy
may be described as a:

� mononeuropathy – involving a single nerve;
� mononeuritis multiplex – involving multiple single

nerves;
� symmetrical polyneuropathy – involving multiple

nerve fibers symmetrically, usually in a length-
dependent process (polyneuropathies can also be
asymmetric and can also predominantly affect
proximal nerve fibers);

� the disease process may affect other regions of the
peripheral nervous system including lumbar or
brachial plexopathies – involving a nerve plexus;

� radiculopathy – involving nerve roots.

One disease process can give rise to multiple types of
neuropathy. A good example of this is diabetes mellitus,
one of the most common causes of neuropathy world-
wide, which can present with a neuropathy of all the
above types. The anatomical presentation does, however,
give some clues to etiology. Mononeuropathies are often
caused by entrapment, for example, of the median nerve

in the carpal tunnel or of the ulnar nerve at the elbow. A
presentation with mononeuritis multiplex may indicate
an underlying infective or inflammatory process, such as
vasculitis, although this mode of presentation would be
very unusual for a toxic neuropathy. Symmetrical poly-
neuropathies are often caused by chronic metabolic dis-
turbances, such as diabetes, renal, or hepatic impairment.

Fiber type involved

It is also helpful to define what types of peripheral nerve
fiber are involved in a neuropathy, either sensory, motor,
and/or autonomic fibers, in various combinations. A
general schema for relating the clinical symptoms and
signs of neuropathy to fiber type is shown in Table 7.2.
This is helpful as particular disease processes may have a
predilection for certain sizes of nerve fiber, as follows:

� large fiber – isoniazid neuropathy, some
paraneoplastic neuropathies;

� mixed – diabetes mellitus, alcohol;
� small fiber – amyloidosis, Fabry’s disease, hereditary

sensory and autonomic neuropathy, diabetes
mellitus/impaired glucose tolerance, or idiopathic
small fiber neuropathy.

Pathology

Most classifications of neuropathy are broadly subdivided
into axonal or demyelinating forms depending on whe-
ther the primary pathology affects the axon or myelin

Table 7.1 Neuropathies commonly associated with pain.

Mononeuropathy and multiple mononeuropathies Symmetrical polyneuropathy

Entrapment, e.g. carpal tunnel syndrome Genetic causes – Fabry’s disease, amyloidosis, CMT 2B (RAB7

mutation), CMT 4F (periaxin mutation), HSAN1 (SPTCL1

mutation)

Trauma, e.g. postamputation

Metabolic causes – alcohol, diabetes, amyloid, beri beri

Connective tissue disease/vasculitis, e.g. systemic lupus
erythematosis, rheumatoid arthritis, Churg–Strauss disease,
Wegener’s granulomatosis, polyarteritis nodosa, nonsystemic
vasculitic neuropathy

Toxins/drugs – thallium, acrylamide, antiretrovirals, vincristine,

cisplatin, thalidomide

Diabetes – mononeuropathy/proximal diabetic neuropathy Paraneoplastic

Herpes zoster – postherpetic neuralgia Infective/postinfective – neuroborreliosis, HIV, hepatitis B/C,
Guillain–Barré syndromeMalignant infiltration

Other:Plexus neuritis
Erythromelalgia

Idiopathic small-fiber neuropathy

Paraprotein related, e.g. neuropathy associated with anti-MAG

antibodies

Situations in which the neuropathy can present acutely in bold.
CMT, Charcot–Marie–Tooth disease; HIV, human immunodeficiency virus; HSAN, hereditary sensory and autonomic neuropathy; MAG, myelin-associated
glycoprotein.
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sheath. Such categorization will require investigations
such as neurophysiology, cerebrospinal fluid (CSF)
examination, and possibly nerve biopsy (see below under
Nerve biopsy). The distinction as to whether the primary
process is axonal or demyelinating can be difficult, as the
relationship between axons and myelinating Schwann
cells is so close that injury to one cell type ultimately leads
to dysfunction in the other. As a general rule, axonal
neuropathies are more likely to be painful.

� Predominantly axonal neuropathies – diabetes
mellitus, alcohol, HIV, most toxic neuropathies,
Charcot–Marie–Tooth (CMT) disease type 2.

� Predominantly demyelinating neuropathies – acute
inflammatory demyelinating polyradiculoneuropathy
variant of Guillan–Barré syndrome, chronic
inflammatory demyelinating polyradiculoneuropathy
(CIDP), paraprotein-related neuropathy, CMT type 1.

Time course of presentation

The distinction of acute from chronic neuropathies
is somewhat arbitrary. The time points shown in
Table 7.3 were originally developed for the classification
of inflammatory demyelinating neuropathies (and
could be seen as too short when applied to axonal
neuropathies).

The time course again gives clues to underlying etiol-
ogy. For example, an acute neuropathy is most likely to be
due to an inflammatory, postinfective, or vascular cause
than to have a metabolic cause. Excluding entrapment
neuropathies, acute painful neuropathies are unusual but
important as they may have a treatable cause (such neuro-
pathies are highlighted in bold in Table 7.1).

TAKING A CLINICAL HISTORY FROM A PATIENT
WITH NEUROPATHY

Presenting complaint

Explore and delineate the symptoms described above and
shown in Table 7.2. It is also important to consider the
time course and nature of presentation (progressive ver-
sus stuttering).

Past medical history

Past medical history will include coexistent conditions
and their treatment. Diabetes, hypothyroidism, malig-
nancy, renal and liver failure may make an important
contribution to neuropathy.

Drugs and toxins

Alcohol use, as well as drug and toxin exposure, should be
documented. Occupational toxin exposure is actually very
rare; however, drug toxicity is relatively more common
and thought needs to be given to the timing and dosing in
relation to symptoms.

Table 7.2 The symptoms and signs seen following injury to different types of nerve fiber in peripheral neuropathy.

Peripheral nerve fiber involved Symptoms Signs

Motor axons (large myelinated) Weakness Muscle weakness

Muscle wasting

Fasciculation

ContracturesSensory axons

Large myelinated (Ab-fibers) Numbness Reduced light touch, proprioception

and vibration sense

Paresthesia Gait ataxia/Romberg’s sign

Incoordination

Small (unmyelinated C and thinly

myelinated Ad-fibers)
Pain Reduced pinprick and thermosensation

Dysesthesia

Ulceration

Autonomic axons (principally small

unmyelinated C-fibers)

Urinary dysfunction

Postural hypotensionImpotence

Horner’s syndrome

Gastrointestinal

motility disorders

Hypohidrosis

Table 7.3 Time course of presentation.

Onset of symptoms to clinical nadir

Acute neuropathy 1 month

Subacute neuropathy 1–2 months

Chronic neuropathy 42 months
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Family history

This is very important in the assessment of peripheral
neuropathy. There are a number of painful neuropathies
which have a genetic basis, such as CMT types 2B and 4F,
hereditary sensory autonomic neuropathy (HSAN, type 1),
Fabry’s disease, erythromelalgia,3 and paroxysmal extreme
pain disorder.4

Social history

Nutritional deficiencies remain an important cause of
neuropathy, so a thorough dietary history is important.
Ethnic origin and travel may give clues to unusual
infectious causes of neuropathy, such as leprosy.

Systems review

It is important to take account of any systemic symptoms,
such as weight loss, fever, arthralgia, skin rashes, or sicca
syndrome.

EXAMINING A PATIENT WITH NEUROPATHY

Neurological examination will be aimed at trying to
define the neuroanatomical site of any lesion and the
types of peripheral nerve fiber involved. Observation
should be made of muscle bulk (in length-dependent
neuropathies wasting is usually first seen in the extensor
digitorum brevis muscle in the feet and the first dorsal
interosseus in the hands). Fasciculation indicates muscle
denervation. Pes cavus is a sign of a long-standing neuro-
pathy which is often but not exclusively hereditary.
Look/feel for any evidence of thickened nerves (the
superficial radial, ulnar, and posterior auricular are par-
ticularly amenable to palpation). These are seen in some
inflammatory and demyelinating neuropathies, as well as
in leprosy.

Examine the cranial nerves. Fundoscopy may reveal a
systemic process, such as diabetes. Ophthalmoplegia may
be observed in acute neuropathies such as Guillan–Barré
and Miller Fisher syndrome, but it is rare in chronic
neuropathies. Facial nerve involvement is also rare, but is
particularly associated with Sjögrens syndrome, neuro-
borreliosis, and sarcoidosis.

Document the motor power in the limbs. In the UK,
use the Medical Research Council motor scale. In most
neuropathies weakness is predominantly distal (e.g. of
ankle dorsiflexion) and most marked in the legs. Proximal
weakness (e.g. of hip flexion) is particularly associated
with inflammatory demyelinating neuropathies. Deep
tendon reflexes should be tested and are often absent in
the context of neuropathy.

It is usual to end the neurological examination with
sensory assessment. Pain should be classified as sponta-
neous or stimulus evoked. Tactile sensation can be map-
ped with cotton wool, pinprick using a NeurotipTM,
thermal sensation by warm and cold objects and vibration
sense by a 128-Hz tuning fork. Document the intensity,
quality, and spatiotemporal aspects of evoked sensations;5

diagrams can be helpful in doing this. Lastly, perform a
full general examination, looking in particular for any
underlying systemic process, such as a purpuric rash in
vasculitis or parotid enlargement in Sjögren’s syndrome.

LABORATORY INVESTIGATIONS

Quantitative sensory testing

Quantitative sensory testing (QST) refers to the analysis
of perception in response to defined external stimuli.
Mechanical sensitivity for tactile stimuli is measured with
von Frey hairs, pinprick sensation with weighted needles,
and vibration sensation with an electronic vibrameter. A
probe operating on the Peltier principle is used to assess
thermal perception. There are actually no adequately
powered class I studies demonstrating the effectiveness of
QST in any context.6 There are a number of class II and
III studies which demonstrated that it is probably or
possibly useful in identifying small- or large-fiber sensory
abnormalities in patients with diabetic neuropathy, small-
fiber neuropathies, uremic neuropathies, and demyeli-
nating neuropathy.6, 7 QST does not only demonstrate
sensory loss but can also be used to quantify some of the
abnormal perceptions, such as mechanical and thermal
allodynia and hyperalgesia seen in painful neuropathies. It
should be noted that QST abnormalities can be due to
lesions in the central or peripheral nervous system and
indeed may also be secondary to nonneuropathic pain
syndromes. There is relatively large intraindividual var-
iation and such testing cannot distinguish between true
sensory neuropathy and simulated sensory loss.8 QST
therefore does have its limitations and in clinical practice
it is most useful in the diagnosis of small-fiber neuro-
pathies not amenable to assessment by standard neuro-
physiology (see below under Neurophysiology). The
current recommendation from the American Academy of
Neurology is that QST should not be used as the sole
criteria for structural pathology and should be combined
with clinical examination and other appropriate investi-
gations.6

Blood tests

It is impossible to give an exhaustive list of blood tests
used to investigate a painful neuropathy as this should be
very much governed by the clinical features. Below is
some guidance.
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� Blood tests checked in the majority of
neuropathies. Full blood count, erythrocyte
sedimentation rate, renal profile, liver function tests,
thyroid function tests, fasting plasma glucose, and a
glucose tolerance test (impaired glucose tolerance is a
previously under-recognized cause of painful sensory
neuropathy9), plasma protein electrophoresis (with
immunofixation), vitamin B12, and folate.

� Blood tests to consider in neuropathies which are
acute, asymmetric, or where there are systemic
features. Autoimmune screen (antinuclear antibodies,
extractable nuclear antigen, double-stranded DNA
binding, rheumatoid factor, antineutrophil
cytoplasmic antibody, antineuronal antibodies),
hepatitis serology, C-reactive protein, Lyme serology,
HIV testing, serum angiotensin converting enzyme.

� Genetic tests for hereditary neuropathies which are
commonly painful. Hereditary sensory and
autonomic neuropathy type-1 causes sensory loss,
lancinating pain, ulceration, and autonomic
involvement; it occurs due to mutations in serine
palmitoyl transferase long chain base subunit 1
(SPTLC1) and is inherited in an autosomal dominant
fashion. CMT 2B causes sensory loss, ulceration,
lancinating pain, autonomic and motor involvement
and is due to mutations in small GTPase late
endosomal protein RAB7. Again, disease inheritance
is autosomal dominant. CMT 4F is an autosomal
recessive condition which leads to a demyelinating
neuropathy with severe sensorimotor involvement. It
is caused by mutations in periaxin.

Neurophysiology

Neurophysiology is an essential part of the investigation
of neuropathy (for review see Ref. 10). Nerve conduction
studies in combination with electromyogram (EMG)
provide useful information in helping to differentiate
between axonal and demyelinating neuropathies.
Demyelinating neuropathies result in slowing of con-
duction velocity, temporal dispersion, and/or conduction
block. In contrast, axonal neuropathies show reduced
compound action potentials with relatively preserved
conduction velocity. Neurophysiology can also be useful
in localization of pathology and assessing whether a
neuropathy is symmetric or asymmetric. One major dis-
advantage when investigating painful neuropathies is that
standard techniques demonstrate conduction in large
myelinated (nonnociceptive) afferents, but not C-fibers.
Standard neurophysiology can therefore provide evidence
for nerve injury, as well as give clues to its localization and
underlying pathology. A normal examination, however,
does not exclude injury to small diameter afferents which
are often the culprits in neuropathic pain. Laser-evoked
potentials can be used to test function in Ad- and
C-fibers,11 but these are only available on a research basis

and do not differentiate between peripheral and central
lesions.

Other measures of unmyelinated fiber function

There are a number of tests which rely on the effector
function of unmyelinated fibers. An example is using laser
Doppler to measure the size of the neurogenic flare in
response to a chemical stimulus which activates C-fibers
and this response is reduced in small-fiber neuropathy
(for examples see Refs 12, 13[II]). A problem is that many
other factors can alter this response. A number of tests
can be used to measure sudomotor function (as a mea-
sure of dysfunction in postganglionic sympathetic neu-
rons), including sweat testing, sympathetic skin response,
and sudomotor axon reflex testing.14 In one recent study,
98 percent of patients with clinically defined small-fiber
neuropathy were found to have abnormal sudomotor
function as assessed by thermoregulatory sweat test and
sudomotor axon reflex testing.15 Another group has also
found a close correlation between abnormalities in
sudomotor function and epidermal innervation density in
painful sensory neuropathy.16

Nerve biopsy

As a general principle, nerve biopsy should be reserved for
situations where it may be helpful in the diagnosis of a
potentially treatable cause of neuropathy. Examples of
such indications when investigating painful neuropathy
would include vasculitis,17, 18 sarcoidosis,19 and amyloid
neuropathy20 (see Figure 7.1). As well as revealing the
underlying cause of the neuropathy, it is also helpful in
classification into axonal versus demyelinating forms. In
the context of small-fiber neuropathies, the number of
unmyelinated fibers within the nerve can be quantified;21

however, this requires electron microscopy, is time con-
suming, and may not fully reflect the degree of unmye-
linated fiber degeneration.22, 23[II] The reason for a
conservative approach in the use of nerve biopsy is that it
is associated with a significant morbidity. Following nerve
biopsy, up to 20 percent of patients report pain at the
biopsy site six months following the procedure.24 Other
side effects include sensory loss and infection. The deci-
sion as to which nerve to biopsy is usually made on the
basis of finding a sensory nerve which is both clinically
affected and in which neurophysiology confirms a
reduced or absent sensory action potential. In practice,
this usually means taking the sural or superficial peroneal
nerve. It is important to understand that only certain
nerves are suitable for biopsy, and pathology may be
proximal to the biopsy site. In certain situations, such as
vasculitic neuropathy, diagnostic yield is increased by
taking combined nerve and muscle biopsies.17, 25 In
selected patients, this procedure remains very helpful.
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One study has looked prospectively at the usefulness of
nerve biopsy and found that in 60 percent of patients this
investigation changed or was helpful in guiding the
management of patients.24

Skin biopsy

Over the last decade, skin biopsy has been developed as a
tool for the investigation of neuropathy.26 It is especially
helpful in the diagnosis of small-fiber neuropathies which
are often painful and where other investigations, such as
neurophysiology, are often normal.27, 28[II] A punch skin
biopsy is taken usually at the level of the lateral malleolus
and thigh (two sites are chosen in order to look for a
distal–proximal gradient in the neuropathy). Immunos-
taining is performed for a pan-neuronal marker protein
gene product 9.5 and the number of epidermal nerve
fibers (representing C-fibers) quantified (see Figure 7.2).

For sensory neuropathy, this procedure has been shown to
have a positive predictive value of 75 percent and negative
predictive value of 90 percent29 and can be helpful in
monitoring progression of neuropathy. Qualitative
changes on nerve fiber morphology can also be shown on
biopsy; for instance, epidermal fibers may demonstrate
abnormal axonal swellings.30 The use of this procedure is
no longer restricted to the investigation of small-fiber
neuropathies, but it can also be used to study demyeli-
nating neuropathies.31 In some instances it can give
helpful information on the etiology of the neuropathy; for
example, demonstrating the deposition of anti-MAG
antibodies.32 In the long term, this procedure may
increasingly replace nerve biopsy; however, it is not
available in all centers.

Imaging

In certain situations, magnetic resonance imaging may be
helpful in the investigation of a painful neuropathy,
especially in mononeuropathies or plexopathies when
there is a possibility of nerve entrapment or an infiltrative
process within the nerve.33 Not only can this reveal the
site of nerve entrapment/injury, but may also demon-
strate signal change and atrophy in the relevant dener-
vated muscle groups. Whole body fluorodeoxyglucose
positron emission tomography (PET) scanning is used
when investigating paraneoplastic neuropathy to reveal an
occult neoplasm.34

Lumbar puncture

In standard practice, lumbar puncture is rarely used in the
investigation of peripheral neuropathy. It may be helpful

Figure 7.2 Protein gene product (PGP) 9.5 immunoreactive

intra-epidermal fibers (arrows) in human distal calf skin biopsy.

Scale bar = 50 mm. Image provided by Prof. P. Anand, Imperial

College, London.

(a)

(b)

Figure 7.1 Nerve biopsy taken from a patient with familial

amyloid neuropathy. (a) Congo red staining revealing two

amyloid deposits (asterisks); (b) resin section showing the early

effects of amyloid neuropathy with a reduction in small

myelinated (and unmyelinated) fibers. Images provided by

Dr M Groves, National Hospital for Neurology and Neurosurgery,

London, UK.
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in the context of acquired demyelinating neuropathies,
such as CIDP, to look for a raised CSF protein. It can also
be helpful when there is concern that there may be a
meningeal process, such as neuroborreliosis or malignant
meningitis.

SUMMARY

Virtually any kind of neuropathy can result in the
development of neuropathic pain; however, some disease
processes have a particular propensity for doing this,
including alcohol-related, amyloid, diabetic, and vascu-
litic neuropathy. It is extremely helpful to classify neu-
ropathies in terms of the speed of onset (i.e. acute versus
chronic), the anatomical distribution of involvement, the
fiber type(s) affected, and whether the pathology is axonal
versus demyelinating. Much of this information can be
gained from appropriate clinical history and examination.
Neurophysiology is an essential investigation usually
allowing the differentiation between axonal and demye-
linating neuropathies and determining whether the neu-
ropathy is symmetrical or asymmetrical. Conventional
neurophysiology, however, gives only limited information
on small-fiber function which may require more detailed
investigation, such as measurement of the flare response,
the sympathetic skin response, or skin biopsy to assess
epidermal innervation density. As a general principle,
nerve biopsy should be reserved for situations where it
may be helpful in the diagnosis of a potentially treatable
cause of neuropathy, such as vasculitic neuropathy.
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KEY LEARNING POINTS

� Functional neuroimaging refers to the measurement and

localization of neural activity that results from a

sensory, motor, or cognitive task.
� Neuroimaging techniques differ in terms of what they

measure, their invasiveness, and the spatial or temporal

information they provide.
� Imaging techniques have revealed that the structure,

neurochemistry, and receptor distributions in the brains

of chronic pain patients differ from those of healthy

individuals.

� The brain network that underlies the heightened

sensitivity to pain that patients report has been shown

to differ from that which is engaged during our

experience of everyday or nociceptive pain.
� The chronic pain state may now be regarded as a

disease in its own right, with pathophysiology that is

increasingly revealed by neuroimaging.
� Neuroimaging is being rapidly developed as diagnostic

and treatment monitoring tools in the pain clinic and as

analgesic bioassays in research and industry.

INTRODUCTION

It is well recognized that the needs of chronic pain
patients are largely unmet, creating an enormous physical,
emotional, and financial burden to sufferers, carers, and
society.

Although a myriad of pharmacological, physical,
psychological, and interventional therapies are available,
few are specific for any particular chronic pain condi-
tion. Furthermore, efficacy for these therapies as
measured in clinical trials is limited and their translation
from the trial population and scenario to the individual
patient in the clinic is not easily achieved. What we
desperately need are innovative methods that aid

diagnosis and provide data to inform decisions regarding
choice and targeting of treatments, alongside conven-
tional clinical measures in individual patients. Neuroi-
maging techniques that noninvasively provide functional
or structural information regarding the central nervous
system (CNS) can fulfill this need and have already
shown that the brains of patients suffering chronic
pain are significantly more affected than previously
anticipated.

This chapter will focus on how magnetic resonance
imaging (MRI) and positron emission tomography
(PET) work as imaging techniques. Their application and
contribution to the field of pain research will also be
illustrated.



FUNCTIONAL IMAGING

Functional neuroimaging refers to the measurement and
localization of neural activity that result from the per-
formance of a task whether sensory, motor, or cognitive.
Figures 8.1 and 8.2 illustrate the main imaging mod-
alities in use today and what physiological correlate of
brain activity they measure. There is a cost or balance
between the spatial and temporal information achievable
and invasiveness if high resolution is desired in both
domains. Common methods include PET, functional
magnetic resonance imaging (fMRI), multichannel elec-
troencephalography (EEG), and magnetoencephalo-
graphy (MEG). PET- and fMRI-based techniques record
localized changes related to cerebral blood flow (CBF)
that is coupled to neural activity. As these hemodynamic
changes lag behind neural activity, a limit on the order of
seconds is placed on the temporal resolution of these
methods. In contrast, MEG and EEG record rapid elec-
trical fluctuations that occur during neural activity and
provide excellent temporal resolution on the order of
milliseconds. However, spatial resolution is poor and
limited to the superficial cortex. Nonetheless, when
combined with the use of laser as a radiant heat source

for the stimulation of cutaneous nociceptors in humans,
MEG and EEG can provide information on the integrity
of the nociceptive pathway.

STRUCTURAL IMAGING – FROM SYSTEM TO
MOLECULE

MRI and PET have been employed to provide informa-
tion on the anatomical structure and the neurochemical
composition of the CNS providing, together with func-
tional information, a systems view of pain processing
within the CNS.

More recently, advances in our ability to label receptor,
neurotransmitters, or even intracellular substrates allow
PET and MRI-based techniques to image their function
and distribution within the CNS. These labels provide a
visual report from the scene of cellular events. Molecular
imaging has thus been defined as the measurement and
imaging of biological processes in vivo at the molecular
and cellular level, combining knowledge of genetics and
proteomics in the creation of molecular probes that are
detectable by imaging technologies.
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Figure 8.1 A schematic displaying the

relationship between the spatial and temporal

resolution in terms of their invasiveness for the

current imaging tools commonly used.
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Figure 8.2 A schematic displaying the

neurophysiological correlates of neural activity

and what techniques detect that particular signal.

EEG, electroencephalography; FDG-PET,

flurodeoxyglucose positron emission tomography;

fMRI; functional magnetic resonance imaging;

H2
15O-PET, water-based positron emission

tomography; MEG, magnetoencephalography;

NIRS, near infrared spectroscopy.
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fMRI AND PET AS CBF-BASED IMAGING
TECHNIQUES

The common form of fMRI used is blood oxygen level
dependent (BOLD). The signal from BOLD imaging
depends on the relative concentrations of oxy- and
deoxyhemoglobin in the local vasculature. The dis-
proportionate increase in cerebral blood flow that
accompanies neural activity results in the relative decrease
in the concentration of deoxygenated hemoglobin.
Deoxygenated hemoglobin is a paramagnetic molecule. It
distorts the local magnetic field and causes a loss of signal.
Thus the decrease of deoxygenated hemoglobin leads to
higher signal intensities that contrast against surrounding
tissue (Figure 8.3). During image analysis, the BOLD
signal that is expected to result from the stimulus is
modelled mathematically. The model is compared to the
signal that is measured during the experiment itself.
Statistical maps are constructed and superimposed on a
structural brain image to indicate where the measured
signal best fits the model (Figure 8.4).

PET employs radioactive tracers to measure CBF.
Commonly, 15O, a radioactive isotope, is chemically
incorporated into water and intravenously injected.
[15O]Water is extracted from plasma into brain tissue on
passing through the brain. This extraction or uptake is
highly correlated with regional cerebral blood flow. The
radioisotope then undergoes positron emission decay and
emits a positron, the antimatter counterpart of an elec-
tron. After travelling for a few millimeters, the positron
encounters and annihilates with an electron, and pro-
duces a pair of annihilation (gamma) photons moving in
opposite directions. These are detected when they reach a
scintillator material in the scanner, creating a burst of
light (photons) which is detected by photomultiplier
tubes (Figure 8.5). The technique depends on simulta-
neous (coincidental) detection of the pair of photons;
photons which do not arrive in pairs (within a few

nanoseconds) are ignored. Using statistics collected from
tens of thousands of coincidence events, a map of
radioactivity as a function of location may be constructed
and plotted.

Table 8.1 compares the PET and fMRI in terms of the
information they provide and their relative advantages
and disadvantages.

Over the last decade, PET and fMRI studies have
revealed the large distributed brain network that is
accessed during processing of noxious input. Several
cortical and subcortical brain regions are commonly
activated by noxious stimulation, including anterior cin-
gulate cortex (ACC), insula cortex, frontal and prefrontal
cortices (PFC), primary and secondary somatosensory
cortices (S1 and S2, respectively), thalamus, basal ganglia,
cerebellum, amygdala, hippocampus, and regions within
the parietal and temporal cortices. This network is
thought to reflect the complexity of pain as an experience
and is often called the pain matrix. The matrix can be
simplistically thought of as having lateral components
(sensory–discriminatory, involving areas such as primary
and secondary somatosensory cortices, thalamus, and
posterior parts of insula) and medial components
(affective–cognitive–evaluative, involving areas like the
anterior parts of insula, ACC, and PFC).1 However,
because different brain regions play a more or less active
role depending upon the precise interplay of the factors
involved in influencing pain perception (e.g. cognition,
mood, injury, etc.), the pain matrix is not a defined entity.
A recent meta-analysis of human data from different
imaging studies provides clarity regarding the most
common regions found active during an acute pain
experience as measured by PET and fMRI (Figure 8.6).2

These areas include primary and secondary somatosen-
sory, insular, anterior cingulate, and prefrontal cortices, as
well as the thalamus. This is not to say that these areas are
the fundamental core network of human nociceptive
processing (and if ablated would cure all pain), although

Increased flow
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Arterioles Capillary bed Venules

Decreased deoxyHb levels
Decreased local field distortion

Increased BOLD signal

Normal flow
Basal level deoxyHb
Basal local field distortion

Baseline BOLD signal

oxyHb
deoxyHB(a)

(b)

Figure 8.3 During neural activation, arteriolar

blood inflow increases leading to a decrease in

deoxyhemoglobin (deoxyHb)–oxyhemoglobin ratio.

As deoxyHb is a paramagnetic molecule, its

decrease leads to a reduction in local magnetic

field distortion; the result is an increase in

functional magnetic resonance imaging (fMRI) or

blood oxygen level dependent (BOLD) signal in the

area of neural activity. (a) basal state; (b)

activated state.
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studies investigating acute pharmacologically induced
analgesia do show predominant effects in this core net-
work suggesting their overall importance in influencing
pain perception.3 Other regions, such as basal ganglia,
cerebellum, amygdala, hippocampus, and areas within the
parietal and temporal cortices, can also be active depen-
dent upon the particular set of circumstances for that
individual. A cerebral signature for pain is perhaps how
we should define the network that is necessarily unique
for each individual.4 This is particularly relevant given the
very recent awareness of how great a role our genes play in
the perception of pain related to a noxious stimulus or
due to injury. For example, individuals homozygous for
the met158 allele of the catechol-O-methyltransferase
(COMT) polymorphism (val158met) showed diminished
regional mu-opioid system responses to pain (measured
using PET) and higher sensory and affective ratings for
experimentally induced pain compared with hetero-
zygote.5 The link between our genes and pain perception

during acute and chronic pain experiences is now one of
the most exciting areas of pain research at present and is
being led primarily by animal studies, but with fast
translation to human studies.6 Functional imaging is
poised to provide phenotypic information that is based
on objective mechanistic data in conjunction with
reported pain symptomatology and thus provide the
intermediary between genetics and behavior.

Anterior insular and prefrontal cortex

It is now clear that the CNS processing that underlies the
heightened sensitivity to pain that patients report differs
from the processing that occurs during the experience of
everyday or nociceptive pain.7

Compared to healthy controls, patients have enhanced
activity in response to identical noxious stimulation in
several areas that form part of the above-mentioned brain

Single pixel from time series

Stimulus

Predicted BOLD response

(a)

(b)

(c) (d) (e)

Figure 8.4 (a) Representation of the predicted blood oxygen level dependent (BOLD) response pattern (bottom line) to the repeated

stimulus (top line). (b) A single pixel that activates to that repeated stimulus. (c) The statistical map obtained. (d) This map is then

thresholded at an appropriate p-score and then (e) overlaid on a high quality magnetic resonance scan of the same subject’s brain.
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network. Over the last decade, two key areas have
emerged that consistently show increased activation,
irrespective of underlying pathology or modality of sti-
mulation employed – the rostral anterior insula and
prefrontal cortex.

A recent meta-analysis by Schweinhardt and collea-
gues8 revealed that clinically relevant pain is represented
more rostrally in the anterior insula than pain that is
experimentally generated in healthy volunteers. Anterior
insular activity is found not only during subjective feel-
ings of pain, but is associated with anxiety, depression,

irritable bowel syndrome, chronic fatigue, fibromyalgia,
somatization, and fear. Its activity in chronic pain
patients is consistent with current theories regarding
altered interoception or body awareness.9

A specific role for the lateral PFC as a pain control
center has been put forward in a study of experimentally
induced allodynia in healthy subjects.10 Here, increased
lateral PFC activation was related to decreased pain affect,
supposedly by inhibiting the functional connectivity
between medial thalamus and midbrain, thereby driving
the endogenous pain-inhibitory mechanisms. Such
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Figure 8.5 (a) The unstable radionuclide decays

emit a positron which collides with a nearby

electron and annihilates. Two photons are

produced and travel in opposite directions

(antiparallel). (b) These photons are detected by

photomultiplier tubes (channel one and two). Only

coincidental events are regarded (summed

channels).

Table 8.1 Comparison of functional magnetic resonance imaging (fMRI) and positron emission tomography (PET) as cerebral blood flow

(CBF)-based imaging techniques.

Modality BOLD fMRI 15O-water PET

Working principle Detects changes in the magnetic field due to

variations in the oxyHb/deoxyHb ratio

Detects the radioactive isotopes that is tagged

on to molecule of interest

Availability Most tertiary medical centers Isotopes are short-lived and must be generated

by a nearby cyclotron

Invasiveness Completely noninvasive Employs radio-isotopes. Requires intravenous

access as minimum

Spatial resolution 1–2mm 5mm at best

Temporal resolution Hundreds of milliseconds Minutes

Experimental design Flexible. Limited mainly by noise and magnetic

environment

Limited by tracer half-life and radiation dose

Derived data Unable to quantify the physiological baseline

absolutely

Able to quantify the physiology baseline

absolutely

BOLD, blood oxygen level dependent; CBF, cerebral blood flow; fMRI, functional magnetic resonance imaging; PET, positron emission tomography.
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concepts are perhaps supported by recent studies looking
at the influence of control in pain perception. Wiech and
colleagues11 performed an fMRI study in healthy controls
where the level of control over their pain was manipulated,
producing changes in pain ratings dependent upon both
the condition and their internal locus of control. They
found that the analgesic effect of perceived control relies on
activation of right anterolateral PFC.11 It is important
perhaps to also note that the prefrontal cortex (specifically
the dorsolateral PFC) is a site of major neurodegeneration
and potential cell death in chronic pain patients.

Central sensitization and the brain stem

The descending modulatory system comprises bulbo-
spinal circuitries that when appropriately engaged,
produce facilitation (pronociception) or inhibition
(antinociception). The pain-inhibiting circuitry which
includes the periadqeductal gray (PAG) is best known and
contributes to environmental (stress) and opiate analge-
sia.12 More recent animal data have revealed that the
rostroventromedial medulla (part of the brain stem reti-
cular formation) is key to the descending pathways that
facilitate pain transmission.13

Zambreanu and colleagues14 were first to demonstrate
involvement of the midbrain reticular formation during
central sensitization in humans, using a model of sec-
ondary hyperalgesia induced by capscaicin. A subsequent
pharmacological study has highlighted the influence of
gold-standard agents used to treat key symptoms of neu-
ropathic pain (gabapentin) on CNS activity related to
central sensitization.15 In this double-blind, randomized

cross-over design, a single dose of gabapentin or placebo
was given to healthy controls during either a normal or
centrally sensitized state. fMRI was performed during
punctate stimulation of the area with and without sensi-
tization and with either gabapentin or placebo adminis-
tered. The interaction between sensitization state and drug
modulation was most significant within the brain stem.

The concept that the sustained activation of facilitatory
circuits or dysfunction of the descending inhibitory sys-
tem underlies chronic pain has also been explored in
several imaging studies. Wilder-Smith and colleagues16

investigated whether patients with irritable bowel syn-
drome (IBS) had hypersensitivity and pain upon disten-
sion due to abnormalities in endogenous pain inhibitory
mechanisms; they found this to be the case for patients
compared with controls. Mayer and colleagues17 exam-
ined whether visceral hypersensitivity found in patients
with IBS might arise as a consequence of top-down des-
cending influences. In a PET study, they observed greater
activation of limbic and paralimbic circuits during rectal
distension in patients with IBS compared with control
subjects or patients with quiescent ulcerative colitis.
Functional connectivity analysis suggested that the failure
to activate the right lateral frontal cortex permits the
inhibitory effects of limbic and paralimbic circuits on
PAG activation, the consequence of which may be visceral
hypersensitivity. In a more recent study, the same group
examined the longitudinal change in perceptual and brain
activation response to visceral stimuli in IBS patients.18

They found, amongst other changes, that after 12 months
patients had a decreased brain stem activity to both the
rectal inflation, as well as during anticipation to this
provocation.

Th PFC

Cb

Amg

Bs

SII

ACC

Ins

Figure 8.6 Neuroanatomy of pain processing. Brain regions that commonly activate during a painful experience are insular cortices

(Ins), anterior cingulate cortex (ACC), secondary somatosensory area (SII), thalami (Th), cerebrellum (Cb). Activity in other regions, for

example the brainstem (Bs), amygdala (Amg), and prefrontal cortex (PFC), depends on cognitive or emotional factors.
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While imaging studies in models of neuropathic pain
and chronic pain patients continue to confirm the specific
involvement of the brain stem regions in maintaining
central sensitization,19, 20, 21 the role of the spinal dorsal
horn in the initiation of central sensitization, so well-
described in preclinical research, remains to be confirmed
in humans. Functional imaging of the spinal cord in
humans is now possible and has allowed us to examine
how animal data map to human neurobiology.22 Asses-
sing the function and thus contribution of the spinal
cord, brain stem, and cortical mechanisms to the pain
experience in patients is now possible; establishing func-
tional neuroimaging as the preeminent candidate for
diagnostic use in pain management.

STRUCTURAL IMAGING

Magnetic resonance volumetry

Magnetic resonance (MR) volumetry involves the use of
automated analysis techniques that allow the segmenta-
tion and measurement of gray and white matter volumes
of a structural brain image. Application of this technique
for the sensitive assessment of cerebral atrophy in Alz-
heimer’s disease and its progression is well established.
Apkarian and colleagues23 first reported the application of
this technique to chronic pain research and found sig-
nificant cerebral atrophy in chronic pain patients, even
after accounting for age-related brain volume decreases.
Patients with chronic back pain showed gray matter
volume loss equivalent to the gray matter volume lost in
10–20 years of normal aging that was localized to the
bilateral dorsolateral prefrontal cortex and right thala-
mus.23 Thereafter, studies involving a range of chronic
pain conditions have revealed gray matter losses in several
other areas implicated in nociceptive processing.

The dramatic extent of neurodegeneration in chronic
pain states evidenced by these studies has compelled the
shift in approach to chronic pain from symptom to dis-
ease. There is now a pressing need to perform more

advanced structural imaging measures and analyses to
better quantify these effects. The challenge is in deter-
mining the possible causal factors that produce such
neurodegeneration in patients. Candidate factors include
the chronic pain condition itself (i.e. excitotoxic events
due to barrage of nociceptive inputs), the pharmacolo-
gical agents prescribed, or perhaps the physical lifestyle
change subsequent to becoming a chronic pain patient.
Carefully controlled longitudinal studies are now needed
as this rapidly becomes an active area of research.

Diffusion tensor imaging

Diffusion of water in white matter tracts is directionally
dependent (anisotrophic) on the orientation of axon
bundles. Diffusion tensor imaging (DTI) is an MRI-based
technique that measures the anisotropic motion of water
in different regions of the brain and, after subsequent
processing, calculates a principal direction of diffusion for
water in each imaging voxel (Figure 8.7). Using DTI,
Hadjipavlou and colleagues24 defined connections
between the PAG and separately for the nucleus cunei-
formis (part of the brain stem reticular formation
implicated in central sensitization), to the prefrontal
cortex, amygdala, thalamus, hypothalamus, and ros-
troventral medial medulla bilaterally.24 Such data are
evidence for the existence of the anatomical circuitry that
mediates the top-down influences on pain processing in
humans. Characterization of anatomical connectivity by
DTI in concert with neuroimaging techniques that iden-
tify areas of functional or structural alterations in chronic
pain patients, will more fully inform the neurobiology
that substantiates the chronic pain state.

NEUROCHEMICAL AND RECEPTOR IMAGING

Proton magnetic resonance spectroscopy

Proton magnetic resonance spectroscopy (MRS) produces
signals that are reported as frequencies that may be

CSF

Gray matter

White matter

Figure 8.7 Diffusion tension imaging (DTI) is an extension of diffusion magnetic resonance imaging (MRI). If diffusion gradients are

applied (i.e. magnetic field variations in the MRI magnet) in at least six directions, it is possible to calculate, for each voxel, a tensor

that describes the three-dimensional shape of diffusion (a). The fiber direction is indicated by the tensor’s main eigenvector. Fiber

tracking algorithms can then be used to track a fiber along its whole length (b).
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assigned to molecules of biological interest. An example is
N-acetyl aspartate (NAA), an amino acid derivative
located in neurons. A typical spectrum including the
frequency peak due to NAA is shown (Figure 8.8).
Grachev and colleagues25 have demonstrated reductions
in NAA concentrations (implying neuronal loss) in the
dorsolateral prefrontal cortex of chronic lower back pain
patients. The study adds to the current hypothesis that
neurodegeneration might be occurring in the chronic
pain state.

Molecular imaging and metabolic change

Receptors have a prominent role in brain function as they
are the effector sites of neurotransmission at the post-
synaptic membrane. Distribution, density, and activity of
receptors in the brain can be visualized by radioligands
labelled for PET, and the receptor binding can be quan-
tified by appropriate tracer kinetic models. Commonly
available radioligands are available for the various trans-
mitter systems (Table 8.2). The quantitative imaging of
opioid and dopaminergic receptors has gained impor-
tance in clinical pain research.

Early opioid ligand studies showed decreased binding
in chronic pain patients that normalized after reduction
of their pain symptoms.26 Regional differences in ligand
binding within key pain processing brain regions have
also been reported in several neuropathic pain studies.27,
28 A study of restless legs syndrome found that the opioid-
binding potential is negatively correlated with the affec-
tive dimension of the McGill Pain Questionnaire.29 A
recent study by Maarrawi and colleagues30 demonstrates
differential brain opioid receptor availability between

patients with central and peripheral neuropathic pain.
They found a bilateral binding decrease in both patient
groups that could reflect endogenous opioid release sec-
ondary to their chronic pain, but they also found a more
significant and lateralized decrease specific to the central
poststroke pain patients, suggestive of opioid receptor loss
or inactivation in receptor-bearing neurons. This binding
decrease was more extensive than the brain anatomical
lesions and not colocalized to them. These findings have
important implications because if central and peripheral
forms of neuropathic pain differ in the distribution of
opioid system changes, this might account for a differ-
ential sensitivity to opiates. For all these studies, causation
is an issue. Future studies, in particular longitudinal
studies that correlate binding potential with pain inten-
sity, are needed to help elucidate whether decreased
receptor availability is caused by increased release of
endogenous opioids or decreased receptor density.

There is a current resurgence of interest in how
dopaminergic pathways are implicated in pain processing.
Early studies in animals and patients first identified the
potential relevance of this neurotransmitter system in
chronic pain.31 A recent PET study in fibromyalgia
patients by Wood and colleagues32 showed reduced pre-
synaptic dopaminergic activity in several brain regions in
which dopamine plays a critical role in modulating
nociceptive processes. As with the endogenous opioid
system, the issue of cause and effect between a functional
hypodopaminergic state and pain has yet to be resolved.
Reduced pain thresholds in patients with Parkinson’s
disease normalized after levodopa administration, and
there were corresponding reductions in brain activation
(insula and ACC).33 These findings suggest that
attenuation of dopaminergic activity might underlie some
chronic pain states.

However, the current data from animal and patient
studies on the role of dopamine mechanisms in pain,
using either dopamine agonists or antagonists, is con-
flicting with regard to directionality (i.e. pro- or anti-
nociceptive responses upon dopamine release) and
location (i.e. nigrostriatal or mesolimbic pathways). A
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Figure 8.8 A typical 1H-magnetic resonance spectroscopy

(MRS) spectrum of the human brain at 3.0 T. Frequency peaks

can be ascribed to a number of metabolites; creatine (Cr), myo-
inositol (myo), choline compounds (Cho), and N-acetyl aspartate
(NAA).

Table 8.2 Common positron emission tomography (PET) ligands

that are used to investigate the opiodergic and dopaminergic

receptor systems.

Tracer Abbreviation Target

11C-NNC 112 – D1 (postsynaptic

dopamine receptor)
11C-racloprde RAC D2 (postsynaptic

dopamine receptor)
11C-FLB457 – D2 (postsynaptic

dopamine receptor)
11C-carfentanyl – Opioid mu-receptor
11C-diprenorphine DPN Opioid receptor
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recent study by Scott and colleagues34 has attempted to
clarify this issue and showed that variations in the human
pain stress experience are mediated differentially by ven-
tral and dorsal basal ganglia dopamine activity. The role
of the dopaminergic system in pain regulation remains an
important issue to resolve if it is to be considered as a
therapeutic target for pain.

CONCLUSION

Neuroimaging data acquisition and analytical techniques
are improving rapidly. When applied to pain research,
these advancements will allow us to further examine how
mechanisms of chronic pain gleaned from animal studies
map to human neurobiology. This is of considerable
interest to all, from the laboratory-based animal researcher
to chronic pain clinician. We envisage that data obtained
from such techniques will not reside solely within the
laboratory, but progressively move into clinical practice to
aid decisions on diagnosis and treatment choices.
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438

Section E: Pediatric techniques 445

38 Pain assessment in children
Nancy F Bandstra and Christine T Chambers

447

39 Procedures for pediatric pain management
Richard F Howard

462

40 Mind/body skills for children in pain
Timothy Culbert, Stefan Friedrichsdorf, and Leora Kuttner

478



9
After assessment, then what? Integrating findings
for successful case formulation and treatment
tailoring

STEVEN J LINTON AND MICHAEL K NICHOLAS

Introduction 95

Case formulation 96

Outcome evaluation 102

Conclusions 104

References 105

KEY LEARNING POINTS

� The challenge of translating assessment findings into a

tailored treatment plan centers on good case

formulation where the mechanisms maintaining the

problem are identified and treatment is tailored to the

individual patient’s needs.
� Assessment materials are often underutilized and used

mainly to document the intensity of the problem. Case

conceptualization focuses on identifying the main

problems, and developing a ‘‘hypothesis’’ about the

mechanisms supporting them for the given patient.
� Measurement techniques are important to the process

since they can tell us about factors that may be

unusual for the patient. However, a standard, for

example normative data, is needed to judge this.

Models developed in the literature are also helpful since

they often capture the main mechanisms.
� Case formulation will include specific targets appropriate

for treatment, a conceptualization of the mechanisms,

and a specific (tailored) treatment to address these.

� However, it is vital that the patient is involved in case

formulation in part to ensure that it is correct and in

part to heighten engagement. Techniques such as

motivational interviewing are helpful in identifying the

patient’s goals.
� Outcome evaluation is crucial because it provides

guiding feedback as to whether the treatment is

actually working. This also provides an

indication of whether the case formulation is

correct.
� Single-subject designs are ideal for clinical

evaluations because they provide data on the individual

level that can be of immediate value in judging

whether treatment needs to be altered, continued, or

terminated.
� Summarizing standardized assessment measures before

and after treatment can be one base for judging how

well a clinic is doing on the whole and may be an

important part of quality control.

INTRODUCTION

Although seldom discussed, integrating assessment find-
ings into a treatment plan is a delicate but thorny

endeavor. It is delicate because seemingly small matters
are important, and thorny because the process easily
becomes complex. Little wonder it is often ignored. Yet,
this process is the vital link between assessment and



treatment: failure here risks poor treatment outcomes.
Conversely, grasping the essence of the case and designing
a treatment to fit these dimensions should greatly increase
the potential efficacy of the treatment. The identification
of the different facets of a presenting case, the formulation
of a hypothesis about how the different facets may have
arisen and are currently being maintained requires more
than the administration of a few assessment measures.
This chapter will address case formulation as a prepara-
tion for the interventions in the coming chapters.

The challenge of developing appropriate
treatment

For many pain patients with chronic pain there may be no
clear, treatable medical diagnosis.1 An unfortunate con-
sequence of the diagnostic approach is the ‘‘lumping’’ of
patients together under a label, such as ‘‘chronic pain,’’
when in fact they are quite heterogeneous. This has been
termed the ‘‘patient uniformity myth.’’2

Furthermore, there may be no specific evidence-based
treatment available. Although several reviews have con-
cluded that cognitive-behaviorally oriented multi-
dimensional programs are broadly effective,3, 4, 5 there are
numerous variations of these programs. Each program
appears to have its own set of techniques and its own
orientation.4 Thus, there also seems to be a ‘‘treatment
uniformity’’ myth that suggests that any cognitive
behavioral-therapy (CBT) based pain program will be
successful.

The perspective (or framework) used by clinicians to
make sense of their patients’ problems guides what they
do. Typically, biomedical perspectives encourage further
pursuit (and investigation) of possible biological
mechanisms to account for the presenting problems and
treatment is targeted at these mechanisms. In contrast,
biopsychosocial perspectives invite an integration of
biological, social, and psychological findings into a
comprehensive account of the patient’s presenting
problems and contributing factors. A biopsychosocial
framework can lead to different interventions being
employed against a range of targets in different domains.

An additional challenge is selecting suitable assessment
measures. The major considerations for selection of
assessment measures are well canvassed in Chapter 3,
Selecting and applying pain measures, so we will not
repeat them here, but once we have all this information,
how should we use it?

For example, we may have information on the patient’s
pain level, the degree to which it is interfering in their life,
their level of depression as well as fear-avoidance beliefs
and catastrophizing, and the nature of the responses made
by the patient’s family to their pain behavior. But if we are
to treat this person, should we simply provide our stan-
dard pain treatment package (e.g. analgesic medication,
home exercises, and relaxation training)? Alternatively,

what if we tried to integrate the information from the
initial assessment to develop a formulation of the patient’s
presenting problems, how they interact and their con-
tributing factors, and then instituted treatment accord-
ingly? Thus, we would only target catastrophizing
thoughts if they seemed to be contributing to the patient’s
problems, and we would only recommend home exercises
if it seemed the patient seemed avoidant of activities. The
mix of interventions could be quite different from one
person to the next, even with the same diagnosis.

This ‘‘case formulation’’ approach is consistent with
calls to match treatments to the patients’ problems.2 In a
recent review, ‘‘risk’’ factors that have been found to
maintain or enhance chronic pain were identified along
with associated treatment techniques that have been
found to have utility.6 The authors found considerable
potential for improving treatment efficacy by tailoring
treatment to the actual risk factors found.6

Ideally, selection of appropriate treatments should also
be based on established evidence. While randomized
controlled trials are the basis for systematic reviews, they
are not always possible in clinical settings.7, 8 Further-
more, if the studies reviewed did not use patients like
those presenting in a given clinic, the results may not be
readily generalizable to that clinic. Thus, they may pro-
vide limited guidance on dealing with the case at hand.
Accordingly, application of evidence-based treatments
ought to be considered in the light of the nature of the
cases in the clinic.

Other important questions concern when should a
treatment be stopped (because it is not working or has
worked) or when should a treatment be altered? Luckily,
useful information can be acquired in the clinic that will
help us determine whether our treatment is of value and
indirectly whether the case formulation was correct. These
aspects are considered in the next sections.

Finally, since treatment often requires the active par-
ticipation of the patient, engaging the patient is another
challenge. A chronic pain patient may receive instructions
to do many things, and, for a lifetime. Yet the literature on
adherence bears witness that dropouts, and failure to
follow pain treatment regimes, is a huge problem and
undoubtedly related to poor outcomes.4, 9, 10 Thus, we
have to find ways of engaging the patient in the treatment
process.

CASE FORMULATION

Case formulation involves identifying problem areas and
factors that seem to be maintaining the problem(s) or
creating barriers for recovery. Formulation also includes
integrating this information into a coherent framework,
engaging the patient in this process, identifying their
goals, and matching the treatment to the patient’s cir-
cumstances. Finally, it involves evaluation of progress that
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uniquely allows for the treatment to be adjusted and tells
us whether important goals are being achieved.

Let us start by scrutinizing a typical, but less than
optimal, clinical procedure for a treatment plan. The
patient who is suffering from a persistent spinal pain
problem is assessed by an interdisciplinary team that
evaluates medical, functional, disability, psychological,
occupational, and socioeconomic aspects of the case.
Many interviews are conducted, tests are ordered, and a
set of questionnaires is completed. Cursorily, the patient
is asked about her/his goals and previous treatments.

Subsequently, the team meets and hashes over the
patient’s condition and possible treatment options. A plan
is adopted. But, we may rightly ask, on what basis? Often
social aspects of the team may prevail, such as one person
being dominant. Or, the selection may be based on the
training of team members or ‘‘preferred interventions’’
rather than on the patient’s specific problems and char-
acteristics.2 All too often, the same treatment seems to be
offered despite the distinctive factors found in the
assessment.

Although much information has been gathered, it may
have a marginal influence on treatment decisions. So,
although all clinicians would agree that patients are
unique and should not be lumped into one category; and,
even though there are considerable options for treatment,
one patient may nevertheless be offered the same package
as another. Using this approach we risk obtaining only
‘‘modest’’ results as treatment is designed for the ‘‘aver-
age’’ patient rather than for the particular patient.

A case-formulation approach offers a framework for
utilizing the assessment information obtained in a way
that might maximize both the patient’s engagement as
well as the development of the most potent treatment mix
possible.

Negotiating the biopsychosocial model

Many pain clinics espouse the biopsychosocial model.
This reflects current views of pain and the evidence for
treatments based on this model.11, 12, 13, 14, 15, 16 However,
while providing a framework, it does not provide a spe-
cific treatment plan. The various health professionals
involved in assessing a pain patient still need to negotiate
a treatment plan based on their assessment. This requires
conceptual, clinical, and interpersonal skills.

Using assessment materials within a
biopsychosocial framework

Using a biopsychosocial framework, an adequate assess-
ment should include the major aspects of the pain
experience described above under The challenge of
developing appropriate treatment. This includes the pain
experience, behavioral, cognitive, emotional, and social/
environmental aspects.

The role of measurement

Standardized measurement can provide reliable and valid
information that is useful in developing a successful
treatment plan as well as in evaluating the effect of
treatment.

How to judge results

NORMS

Scores from measures of constructs such as depression,
catastrophizing, and self-efficacy are not readily inter-
pretable as we cannot know if they are typical or unusual
for people in chronic pain unless we have normative data
against which we can compare them.17 Normative data
represent the performance on a measure or test by a
standardization sample.18 The standardization sample
should be as similar as possible to the patient we are
trying to assess. Clinics that establish their own datasets
may be able to readily compare new patients with that
dataset. However, published norms can also be used
where available and relevant.19, 20, 21, 22, 23

The use of normative data for comparison tells us
whether the patient we are assessing is high or low on
each of the assessed dimensions. For example, if some-
one’s depression level is worse than 70 percent of those in
the normative dataset it would suggest that depression is
unusually high and will probably need to be addressed in
a treatment plan. Conversely, if the level was at the 30th
percentile of the dataset (i.e. worse than only 30 percent
or better than 70 percent of similar chronic pain patients)
then it would suggest that depression was not a major
problem in this case and unlikely to require intervention.

This approach can help us to build a picture of a
particular case and to identify potential targets for
intervention. The following case example provides an
illustration.

Case 1

This was a 23-year-old woman with complex regional
pain syndrome (CRPS): pain is always present and located
in the neck, right shoulder, arm and hand. The CRPS
followed crush injury to her right hand eight months
earlier (at work). An x-ray of the hand did not reveal
anything significant. She presented at a pain clinic after
trial of active physiotherapy (exercise), carpal tunnel
release, and medication (now on gabapentin, 800mg, four
times a day; OxyContin, 10mg, four times a day). She has
returned to work three days a week, but on different
duties and has a number of restrictions. At home she
reports multiple limitations in her normal activities. As
part of her assessment at the clinic she completed a set of
questionnaires regarding her pain, mood, impact of pain
on her normal activities, as well as her beliefs and
responses to her pain. Her scores were compared with a
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normative dataset obtained from previous patients
(n= 566) seen at the same clinic23 with pain in the same
region (Table 9.1).

These results indicate that, compared to other patients
with pain in this region, the patient’s usual pain levels,
current depression, anxiety and stress levels were quite
typical (and only slightly above healthy community
norms).24 In contrast, her levels of disability due to pain,
fear-avoidance beliefs, self-efficacy beliefs, and catastro-
phizing were worse than those of 60–90 percent of the
comparison group. This suggests that the patient’s dis-
ability is related more to cognitive and behavioral factors
rather than pain severity or mood.

Developing a conceptual model

Having identified the major presenting problems, the next
step is to consider how they may interact and what factors
are maintaining them. One way of providing a starting
point to this process is to use a conceptual diagram like
the one shown in Figure 9.1. The domains covered reflect
the major elements in pain assessment.

The arrows will often be bidirectional (to indicate
interactions) and in some cases some domains (boxes)
will not apply or the effects will vary in strength (for
example, many people with chronic pain do not take
drugs). Equally, additional boxes may be added (e.g. lack
of sleep or a comorbidity). This sort of model can help
both clinician and patient to make sense of the patient’s
pain problems.

In case it seems the ‘‘bio’’ element has been omitted,
the possible impact of activity changes on the body is
provided for, but within the ‘‘chronic pain’’ box we can
consider not just the pain experience but also the con-
tributing biological mechanisms (e.g. neuropathic or

nociceptive). Over time, it is likely there will be more
feedback loops developed: for example, between inactiv-
ity/physical changes and pain, as well as between mood,
unhelpful beliefs and pain.

This model provides a guide for what to do next. This
is illustrated below in relation to case 1.

Putting the case together

The formulation of a case is like developing a hypothesis,
which we can then test by intervening in specific areas and
evaluating the outcome. The main steps before the
intervention are as follows.

CONCEPTUALIZATION

Applying this model to case 1 would look as shown in
Figure 9.2. Here, the key drivers for the excessive dis-
ability are high levels of unhelpful beliefs and responses
(high fear-avoidance beliefs and catastrophizing); low
confidence in functioning when in pain (low self-effi-
cacy); high reliance on medication to relieve the pain
(largely unsuccessful) that also causes unwanted mental
side effects; and possibly relationship factors at home and
at work. The evidence that the patient is more disabled at
home than at work suggests that work may be a priority
for her, but even though her work performance is below
expectations it is having an adverse effect on her home
life, where she is spending more time recovering from the
effects of her work.

The pain experienced is typical of other patients with
pain in this region and the level of distress (depression,
anxiety) is also unremarkable for this population, so
adding other medication for pain or mood would be
unlikely to make much difference. However, a reduction
in current medication could assist in the reduction in
unwanted side effects (which are affecting work perfor-
mance), but it may be at the cost of more pain, so the
patient will have to weigh up this equation. This may be
tested by seeing how she manages when the medication is
gradually withdrawn. As high catastrophizing could
adversely color her perception of pain, by helping her to
modify her catastrophizing her perception of the pain
could become more accepting and less alarmed.

Alternatively, if other drug options are not thought
suitable, another way of limiting pain experience could be
achieved through an invasive procedure. Depending on
the case this might include consideration for spinal cord
stimulation, radiofrequency neurotomy, or percutaneous
electrical nerve stimulation, for example. However, given
our formulation of this case, it is unlikely that any one of
these interventions would be sufficient by itself. We would
still need to help her deal with the cognitive (catastro-
phizing) and behavioral (avoidance) responses as well as
her interactions with the social environments (home and
workplace especially).

Table 9.1 Self-report measure scores for case 1 with percentile

comparisons to normative dataset.

Measures Raw scores Percentiles
(%)

Usual pain (0–10, range) 6 (2–8) 50

Disability (RMDQ) (0–24) 17 Worse than 90

Depression (DASS) (0–42) 10 45

Anxiety (DASS) (0–42) 6 50

Stress (DASS) (0–42) 14 45

Fear-avoidance beliefs (TSK)

(17–68)

45 Worse than 70

Pain self-efficacy beliefs

(PSEQ) (0–60)

20 Worse than 60

Catastrophizing (PRSS) (0–5) 3.9 Worse than 85

RMDQ (Roland and Morris Disability Questionnaire, modified for general
pain use: Asghari and Nicholas, 2001); DASS (Depression Anxiety Stress
Scales);24 TSK (Tampa Scale for Kinesiophobia);25 PSEQ (Pain Self-Efficacy
Questionnaire);26 PRSS (Pain Response Self-Statements).27
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Figure 9.1 How chronic pain can become a complex problem.
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The difference in activity limitations between home
and work suggests we should seek more information
about what is happening in both places and her inter-
actions with her family and work colleagues. This might
include getting her sense of the family’s and the work
colleagues’ views on her pain and their expectations for
her condition and its management.

This approach to analyzing this patient’s pain com-
plaints illustrates how we can use clinical examinations,
interviews, and self-report questionnaires to build a rea-
sonably coherent picture of the presenting problems, their
contributing factors, and to identify likely targets for
intervention. This approach may be contrasted with a
purely diagnostic approach (e.g. DSM-IV) which may
provide a broad label for a patient, for example pain
disorder, but little guidance on what to do next.2

TARGETS

In consultation with the patient, the treatment targets will
be chosen, based on the formulation and available resour-
ces. In Case 1, the targets for intervention might include:

� increasing specific functional activities (at home and
work);

� increasing work time;
� reducing side effects of medication;
� reducing pain severity.

The mechanisms for achieving these targets could include:

� gradual withdrawal of current medication;
� reduction of fear-avoidance beliefs (and behaviors);
� reduction of catastrophizing responses;
� increasing self-efficacy beliefs (for doing things

despite pain);
� possibly, a trial of spinal cord stimulation (SCS).

How these mechanisms can be activated and the goals
achieved will be addressed in the remaining sections.
However, before any treatment can be undertaken some
additional steps will be needed.

Engaging the patient

For most persisting pain conditions, effective treatment
demands that the patient must play an active role.
Developing a ‘‘shared understanding’’ where the provider
and patient are on the same wavelength with regards to
the problems and effective management is a key ele-
ment.10 Motivational interviewing is one method of
enhancing engagement.28, 29 Motivational interviewing
involves four techniques.

1. Developing discrepancy. Identify the difference
between the patient’s current behavior and his/her

important goals. The patient should be
encouraged to talk openly about problems and
goals and reflect upon the differences.

2. Avoiding argumentation. Arguing with the
patient often upsets the patient and risks
developing trust. Patients might also develop
more reasons for why they cannot change.

3. Rolling with resistance. Rather than
confrontation, rolling with any resistance is often
more productive. The patient’s standpoint can be
restated to show comprehension, but then move
to reframing the situation. Reflection and open
questions about how one might move forward
may also be helpful follow-ups.

4. Supporting self-efficacy. If we are viewed as the
‘‘experts’’ it can make it difficult to empower the
patient. However, if sustainable behavior change is
to be achieved, the patient must believe that he/
she can actually achieve the goal. Accordingly, it
is important to encourage patients to express
statements of self-efficacy and to reinforce these
verbally.

These elements are consistent with the communication
skills of active listening and Socratic questioning. Active
listening involves repeating back to the patient your
understanding of what they have told you, usually in a
summarized form. This allows them to confirm that you
have heard them accurately. Confrontation should be
avoided. Thus, it is recommended to say something like
‘‘From what you’ve been telling me, it sounds like y.’’
Contrast that with the more confrontational: ‘‘You are
telling me thaty.’’ The less confrontational approach can
be coupled with a question to check for agreement (‘‘is
that correct?’’).

A Socratic style of questioning involves open ques-
tions. Rather than pose questions that begin with ‘‘Why’’
that can lead to defensiveness, statements that begin with
words like ‘‘How,’’ ‘‘When,’’ ‘‘What’’ often work better and
elicit more specific data. Examples of this interviewing
style are presented in Box 9.1.

Such questioning enables the clinician to make a dia-
gram of the problem such as described above under
Developing a conceptual model (using the boxes for a
guide). This visual representation, based directly on the
patient’s descriptions provides a means of confirming a
‘‘shared understanding.’’ The assessing clinician can dis-
cuss the diagram: ‘‘so would you say that this (diagram)
accurately summarizes what’s been happening to you
since your pain developed?’’ If the patient agrees, then we
can move to the next step. If not, then further discussion
and clarification will be needed.

ESTABLISHING WHAT THE PATIENT’S GOALS ARE

Once there is agreement on what the problems are and the
major contributing factors, the goals of treatment must be
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negotiated. Since total pain relief is often not feasible,30

other goals must also be considered. The main attributes
of suitable goals are:

� specific (measurable);
� achievable (realistic); and
� desired by the person concerned.

These attributes can sound simple, but getting a chronic
pain patient to identify their goals and commit them-
selves to achieving them is often quite difficult. Working
through these issues can take time, but it can save time
later by increasing adherence to the treatment protocol.

To promote a focus on the goals of treatment, these
goals should be written down and copies kept by all
parties. These can be reviewed at regular intervals to
monitor progress and make necessary changes as
required.

ENHANCING AND CLARIFYING MOTIVATION

McCracken and Yang31 have proposed that it might help
patients to identify goals they are prepared to work to
achieve if they are encouraged to think about their values

– what gives their life meaning (for example, ‘‘to be a
good parent’’). Using those values as their general com-
pass, the patient could then be asked to think about what
they would need to do to achieve those values. This would
lead to specific tasks or activities that can be clearly
defined (e.g. sit for more than 60 minutes; carry 10 kg in
each hand for 20 meters). Motivational interviewing
methods can assist in this process.

ESTABLISHING WHO THE OTHER STAKEHOLDERS ARE

As well as identifying the patient’s goals it will also be
important to work out what has prevented their
achievement (i.e. the obstacles). These may lie in the
workplace, at home, or with other healthcare providers.
Other people in the patient’s life with an interest in the
patient’s progress may be called ‘‘stakeholders’’ because
they have something to gain or lose by the patient’s state.
All may have equal concern for the patient’s welfare, but
like the patient, they also have the possibility of gains and
losses depending upon the patient’s progress. Com-
pounding these different motivations, it is also possible
that each stakeholder will be operating according to a
different paradigm (or expectancies) in relation to the
patient’s pain. By identifying these other stakeholders and
their roles (and likely gains/losses if there is improvement/
no improvement) with the patient, the treatment plan-
ning can take these aspects into account and explore ways
of dealing with them.32 For a fuller discussion of these
issues in relation to injured workers see Franche et al.33

Tailoring treatment to the patient

There is ample evidence that offering the same treatment
to everyone with similar pain can reduce its overall effi-
cacy.2, 6 Ideally, an intervention should be tailored to a
patient’s problems and circumstances. Yet, such matching
appears rare in many settings. A recent review showed
that many interventions are not directed at known causal
factors while some identified risk factors do not have a
known treatment.6

SELECTING PATIENTS OR SELECTING INTERVENTIONS?

There are two basic approaches to matching patients and
treatments. One attempts to select subgroups of patients
who have a certain profile thought suitable for a parti-
cular intervention program. For example, if a clinic spe-
cializes in exposure programs for those with fear-
avoidance features, they would select only those patients
having problems due to fear-avoidance mechanisms.34

Similarly, a clinic that focuses on stress and mood treat-
ments would select patients with problems related to
distress.6 This approach thus starts with a treatment
program and selects patients most likely to benefit.

Box 9.1 Interview style

Obtain specific information

To develop a clear picture, it is helpful to use a
Socratic style of interview. Broadly, this requires
questions that begin with words like ‘‘how’’,
‘‘what’’, and ‘‘when’’.

For example:

� ‘‘When does your pain get worse/better?’’
� ‘‘What do you usually do when the pain gets

worse?’’
� ‘‘What have you stopped doing because of your

pain?’’
� ‘‘When your pain gets worse what do you think

might be happening in your body?’’
� ‘‘When do you take your pain medication?’’
� ‘‘How do you feel when you can’t do something

due to the pain?’’

Checking your comprehension (and
indicating you have heard)

For example:
‘‘From what you’ve been saying, it sounds like

the pain has had a major impact on your life – at
home and at work. Is that right?’’
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The second approach attempts to select the treatment
techniques to fit the patient’s needs. This is more aligned
with the case formulation approach. The findings from
the assessment therefore guide the clinician in selecting
which interventions might be appropriate for the parti-
cular patient. This approach might lend itself more
readily to individual rather than group-based treatments,
but if a clinic is sufficiently resourced the method can still
be achieved by combining group and individual treatment
elements. For example, it has been shown that a group-
CBT program can be effectively combined with indivi-
dually titrated implantable devices.35

Both approaches aim to increase efficiency by tailoring
the match between the patient and the treatment.

TAILORING TREATMENT – FURTHER CONSIDERATIONS

Besides their different goals and factors contributing to
their problems, patients will have different assets and
circumstances that influence the options for tailoring.
Some patients will have a long history of treatment fail-
ures and passivity that may indicate we need to start with
basics, provide lots of encouraging feedback, and to
progress gradually. Others will have considerable resi-
lience, good social support, and active coping strategies
allowing us to start with more advanced treatment plans
that may advance quickly. Taking the patient’s history and
resources into account when planning treatment offers
the prospect of greater success than a ‘‘one size fits all
approach.’’ By including the patient in the treatment
planning they effectively share some of the responsibility
for developing their treatment program and this should
also enhance their acceptance of the treatment and their
engagement in it.

With multiple treatments and goals, we need to con-
sider how to proceed. Identifying a priority order for the
treatments and goals can assist here. As most pain
patients will have numerous problems, a good con-
ceptualization should highlight relationships between the
problems. For instance, poor communication and social
skills may be linked to both problems at work, problems
with friends, and problems within the family. Priority is
given to those factors that are: (1) important to the
patient, and (2) that may provide improvements in more
than one arena. In the example, focusing on commu-
nication might then provide improvements in the areas of
work, friends, and family.

Identification of barriers to change may help us design
treatment plans that avoid or overcome these. Such
barriers may be evident before treatment is commenced
or may arise during treatment, but they can limit
improvement. Often these barriers will involve other
stakeholders. Several barriers for those wanting to return
to work have been identified.36, 37 For example, the
patient’s relationship with his/her supervisor may become
a barrier if this relationship is poor (although it may

enhance the process if it is good).38, 39 Similarly, a sleeping
problem may become a barrier to return to work, if the
patient has difficulties getting up to go to work. Barriers
are important for two reasons. First, they often disrupt an
otherwise good treatment plan and may become demor-
alizing for the patient as well as the clinician. Second, if
they are identified they may be targeted and included in
the treatment plan. In this way, they may actually improve
the utility of the treatment program.

In summary, while we often think about broad com-
ponents of treatment programs (e.g. activity training or
anxiety management), tailoring is often far more than this
since it also considers how the intervention might be
matched to the needs and resources of the patient. Ideally,
the identification of possible barriers facilitates their tar-
geting as part of the intervention and improves the
chances of treatment success. Tailoring should be more
effective than providing ‘‘a standard package’’ since gen-
eric approaches may well leave the patient behind, and
miss important details specific to the patient at hand.
These concerns may not be so important in a research
study, but in the clinic they may be critical.

OUTCOME EVALUATION

Outcome evaluation enables us to determine whether the
conceptualization and tailoring are correct. In turn, it also
allows for adjusting the treatment plan where necessary.
Fortunately, many of the initial assessment instruments
may also be utilized to gauge outcome. Using them sys-
tematically provides relatively good data for judging
outcome variables (e.g. disability) and process (or
mechanism) variables, such as change in catastrophizing
or self-efficacy.40

Aim of an evaluation: is treatment working?

The primary aim of clinical outcome evaluation is to
judge whether treatment should be altered, continued, or
terminated. This applies whether it is at the individual
patient level or program level. This form of evaluation
needs to be clearly differentiated from that used in
treatment research studies. The perspective taken here is
that outcome evaluation is an important facet of treat-
ment for the individual patient. In contrast, the majority
of published studies report average results on a group of
patients. Such studies say little about the effects of your
treatment on a given individual patient.

Selecting important outcomes

Selecting important outcomes may be based on the
patient’s goals and/or those of significance to other sta-
keholders. Using the goals developed with the patient

102 ] PART II THERAPEUTIC PROTOCOLS



provides an obvious relevance in the clinical context.
Whichever measures are used, it helps if these are psy-
chometrically sound (reliable and valid), sensitive to
change, and measured often enough to monitor change
during the treatment itself.

With chronic pain patients there are some common
major outcome domains, some of which may be shared
with various stakeholders. These are outlined in Table 9.2.
This list is not exhaustive but it coincides with the targets
outlined above:

� Is the patient feeling better (e.g. less pain, better
quality of life)?

� Has function improved (e.g. daily activities)?
� Are there any physiological improvements (e.g.

muscle strength)?
� Has ability to work improved?
� Is the treatment worth the economic and personal

costs?

DAILY AND WEEKLY MEASUREMENTS

Generally, in treatment evaluation, some form of regular
or repeated measurement is more useful than attempts to
recall progress covering several months. Such data can be
obtained by diary self-reports of both subjective aspects
(e.g. pain intensity and satisfaction ratings), and more
overt behaviors (e.g. participation in activities or hours
slept). As diary reports are subjective and therefore
potentially influenced by a number of factors other than
treatment, it is desirable to use other measures as well. For
example, activity meters may be used to measure patients’
activity levels. Another option is to use standardized
measurements such as questionnaires (from assessment)

on a weekly basis. Many of these are described in Chapter
3, Selecting and applying pain measures.

COMPARED TO WHAT? USING SINGLE-SUBJECT DESIGNS

An important question in evaluation is what we should
compare the results to? In clinical practice it may be
difficult to find a comparison group. However, normative
data (see above) might be used as a benchmark to
determine whether the final outcome reaches the mark.
Daily or weekly data using such instruments might
provide guidance during treatment as well.

Another approach is to use single-subject designs.8

These are not to be confused with the infamous ‘‘case
study.’’ The term ‘‘case study’’ only reveals that a single
patient is the focus of the study. They are notorious in
science because they often only employ a highly selective
patient, rely solely on subjective judgment (usually by the
clinician), and have no control conditions. In contrast,
single-subject designs should employ reliable and valid
measures, repeat them over time, making systematic
comparisons using the individual patient as his/her own
control. This can provide for a very sensitive evaluation
because it reduces the variance found in group studies
where patients differ greatly.8

The ‘‘control’’ condition with a single patient is a stable
baseline. Figure 9.3 shows a simple single-subject design
where pain is the outcome variable. Establish a relatively
stable pretreatment level (i.e. baseline) by measuring pain
ratings several times before treatment is introduced.
Commence treatment once the baseline has been estab-
lished. The effect of the intervention is established by
viewing the data as shown in Figure 9.3. A benchmark

Table 9.2 Outcome domains of common interest.

Domains Outcome examples Interested stakeholders

Symptoms Pain Patient

Sleep disturbance Family

Distress Health care

Work place

Function Activities of daily living Patient

Quality of life Family

Ability to work Health care

Disability Number of days off work Work place

Amount of compensation payments Insurance carrier

Patient

Health care utilization Medication use Insurance carrier

Professional care Work place

Complementary medical care Patient

Patient satisfaction (with health care) With communication Family

With assessment Patient

With treatment Health care

With outcome

Chapter 9 After assessment, then what? ] 103



can be achieved by using standardized pre- and post-
treatment measures (with normative data) as well.

By using frequent measurements, with a baseline for
reference, we can alter or fine-tune treatment as we pro-
ceed. We can quickly determine if a treatment is produ-
cing the expected results. In the example above, it would
be counterproductive to have a patient continue with
‘‘usual graded activity’’ over a 16-week period if activity
was not increasing – as may happen if results are not
monitored and evaluated.

A variety of single-subject design are available for
clinical use.41, 42 A multiple baseline approach makes
comparisons across a particular dimension (e.g. across
different settings, different behaviors, or even different
patients) where baselines of different lengths are utilized.
The design gains strength if improvements are seen only
when the treatment is applied. Figure 9.4 shows an
example employing graded activity across behaviors.
Graded activity might be sequentially applied to these
three types of behavior to evaluate its effects.

Final outcome evaluation

At the end of treatment, an overall evaluation may be
conducted and discussed with the patient and stake-
holders. Here the results of the single-subject trial may be
collated with the pre- and posttreatment data in relation
to the goals set.

Program evaluation

To assure service quality, a clinic may wish to continually
evaluate its pain program. The use of the same standar-
dized measures at initial assessment and treatment ter-
mination with all patients can provide a measure of
overall outcome. This might be expressed in terms such as
mean pain at intake was 8.5 (on a ten-point scale) and 6.2
at posttreatment which can then be compared with
published outcome studies. In addition, single-subject
data may be accumulated to provide success rates on an
individual level. This might be expressed as 26 of 30

patients increased their daily activity levels to a specified
range. As in single-subject designs, regular evaluation
of progress throughout a program can also be used to
fine-tune the program as it proceeds.

CONCLUSIONS

This chapter has concentrated on how to take advantage
of assessment materials in formulating an accurate
account of a patient’s presenting problems and the factors
contributing to them. The goal is to design effective
treatment plans for individual patients. Rather than
simply offering the same ‘‘package’’ to every patient, the
importance of tailoring the treatment to the patients has
been emphasized. By linking the assessment findings to
treatment planning it is argued that treatment effective-
ness should be maximized. It is also argued that assess-
ment should not cease once treatment commences, but
rather should become an integral aspect of the treatment
process in the form of ongoing evaluation. This can
facilitate fine-tuning treatment to achieve even better
results.

It is also emphasized that in using the assessment
findings clinicians should include the patient in an alli-
ance to develop individually-relevant treatments that the
patient might be motivated to pursue. Strategies such as
motivational interviewing, Socratic dialogue, and valuing
offer potentially good methods for promoting the
patient’s involvement in treatment planning and sharing
responsibility for progress.

Good assessment should also identify potential bar-
riers to change, including how other stakeholders view
and deal with the patient’s problems. These may need to
be targeted in the treatment plan. Although often
neglected, an analysis of the patient’s resources can be
helpful in calibrating the treatment plan. Thus, the final
treatment plan will consider the patient’s goals, problems,
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and resources in an hypothesized conceptualization of the
problem. In this model, interventions may be seen as a
form of hypothesis testing, which leaves open the possi-
bility of reformulation of a case in the light of the treat-
ment results and the development of further intervention
options.
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KEY LEARNING POINTS

� Opioid analgesics are the most effective drugs to relieve

severe, acute, and terminal pain.
� Long-term use of opioids can reduce the burden of

suffering from chronic nonterminal pain, but adverse

effects often reduce the beneficial effects.
� The evidence base for long-term benefits and safety is

weak.
� Adverse effects of long-term opioid treatment include

gastrointestinal, endocrinological, and cognitive

dysfunctions, development of tolerance, hyperalgesia,

and pseudoaddiction behavior.
� Problematic prescription opioid use develops in about 10

percent, and in a few, genetically predisposed people with

psychosocial comorbidities, the neurobiological disease of

addiction may occur, with compulsive use in spite of

obvious deleterious effects of continued opioid use.

� Guidelines and recommendations for best practice of

opioid use for chronic nonterminal pain are based

mostly on experts’ opinions.
� Steady-state regimes (stable dose of controlled/

prolonged-release oral or transdermal delivery)

are considered to have the best benefit/risk

ratio, and they are recommended by most

experts.
� Intermittent-use regimes (dose as needed) are

recommended by some experts in selected patients with

pain-free periods, recurrent pain, and low risk of

problematic use.
� Whatever regime is chosen, long-term opioid therapy

demands a major effort by physicians and patients to

optimize benefits and reduce risks of serious adverse

effects.



INTRODUCTION

Opioids are powerful analgesics, but they can cause a
number of adverse effects. During opioid treatment of
severe acute pain, respiratory depression and gastro-
intestinal side effects are the most important; problematic
opioid use rarely arises de novo. Opioid treatment of
chronic pain induces gastrointestinal dysfunction in most
patients, varying from slightly reduced appetite and
irregular bowel movements to nausea, reflux dyspepsia,
and obstinate constipation. Such adverse effects limit the
usefulness of opioids for chronic pain and cause many
patients to abandon opioid treatment.1 Endocrine organs
are affected with reduced production of estrogen, testos-
terone, and cortisol.2 Immunological functions may be
depressed.3 More sinister is the development of compul-
sive opioid-seeking and other addictive behaviors that
may result from long-term opioid treatment.4, 5, 6, 7, 8

Some degree of problematic opioid use arises in about
2–10 percent of opioid-treated chronic pain patients,7, 8, 9,
10 varying in severity from mostly nuisance problems to
quite burdensome, problematic drug-related behaviors
and outright addiction behavior in a few. Many of the
latter have a history of nonmedical use of drug(s) or
alcohol abuse before prescription opioid use.7, 11, 12

This backdrop sets the scene for the often difficult
decisions on opioid treatment of long-lasting pain con-
ditions when alternative treatments of lower risk have
failed. The decision to start and the follow up of opioid
treatment may be straightforward in elderly patients with
uncomplicated nociceptive-type chronic pain. It is a more
difficult decision to add an opioid to the first-line drugs
for peripheral or central chronic neuropathic pain. It is a
real dilemma whether to start opioid trial therapy in more
complex chronic pain conditions, and whether to con-
tinue when the overall effect is somewhat positive, and
there is the ever present risk of developing problematic
prescription opioid use.4, 5

WEAK EVIDENCE BASE FOR OPIOID
TREATMENT OF CHRONIC NONTERMINAL PAIN

There are only a few double-blind, placebo-controlled,
randomized clinical trials (RCTs) on the benefits and side
effects of opioid treatment for chronic nonterminal pain,
and they are all of short duration, mostly four to eight
weeks, giving no reliable evidence for long-term effects
and safety.1, 8, 13, 14, 15, 16 Pain intensity may decrease by
about 30 percent,1 some maintain satisfactory pain relief
for at least three years,10 but more than 50 percent of
patients stop using opioids within one or two years
because of too little pain relief or adverse effects.1, 8

Prolonged RCTs with large samples are probably not
going to be conducted because of the problems of
maintaining blinding of test-treatment and the necessity
of individually titrating opioid dose to balance benefits

and adverse effects.17 Therefore, many open questions
around long-term opioid treatment of chronic non-
terminal pain (Box 10.1) will probably not be resolved by
traditional RCTs. Larger, randomized, prospective, com-
parative studies without blinding may be the best we can
hope for. The national and international agencies for
medicines, responsible for the effective and safe use of
drugs, do not seem to be able to take initiatives to clarify
this important drug problem. They seem to be content
with guidelines based mainly on expert opinion, which
are a rather weak evidence-base for recommendations for
a potent therapy with a rather narrow therapeutic range.17

The World Health Assembly recently instructed the
World Health Organization (WHO) and United Nation’s
International Narcotic Control Board (INCB) to assure
appropriate availability of opioid analgesic drugs for
medical purposes worldwide and to ensure that appro-
priate guidelines and knowledge are present for the
pharmacological treatment of acute, cancer, and chronic
nonmalignant pain: the Access to Controlled Medicines
Program (ACMP) was initiated and is expected to con-
tinue for at least six years.18 Recommendations for good
practice of opioid treatment for acute, cancer, and non-
malignant pain will eventually be published by the ACMP
of WHO and INCB, including research agenda listing
urgent research issues in this field.18, 19, 20

ARE SOME DRUGS OR SOME
ADMINISTRATION MODES MORE PRONE TO
CAUSE PROBLEMATIC PRESCRIPTION OPIOID
USE?

Frequent and prolonged exposure to a potent m-opioid
receptor agonist may precipitate aberrant prescription
opioid use behavior in people genetically predisposed to
addiction, when circumstances are unfavorable.4, 8 It
would appear that the more rapidly the opioid drug
crosses the blood–brain barrier in order to achieve a rapid
onset pain relief, mood elevating, and anxiolytic effect,
and the shorter the duration and the quicker the dis-
appearance of these effects, the higher is the risk for
development of problematic prescription opioid use
and eventually the chronic neurobiological disease of
addiction.4, 5

Most official guidelines therefore emphasize that long-
term treatment with opioid analgesic drugs should be
conducted with an opioid drug that causes a slow onset, a
prolonged and slowly decaying effect on m-opioid recep-
tors (Box 10.2 and Table 10.1).8, 22, 23, 24, 25, 26 This makes
good common sense and is generally accepted as the best
practice for patients with continuously ongoing chronic
pain. Opioid-treated patients appear to be less likely to
develop problematic prescription opioid use when they
are on a stable regime, as the steady state may be pro-
tective.8, 27 However, this is mostly based on expert opi-
nions and is not based on controlled trials.28 However, the
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success of long-term opioid treatment may be related as
much to the quality of the personal relationship between
physician and patient as to the characteristics of the
patient, drug, or dosing regime.4, 29

Patients who are pain-free between recurrent painful
episodes, should not be exposed to unnecessary opioid
during the pain-free periods: 24 hours per day depot opioid
administration may not be optimal for such patients.8, 28

INDICATIONS FOR LONG-TERM TREATMENT
WITH A POTENT OPIOID ANALGESIC DRUG FOR
CHRONIC NONTERMINAL (NONMALIGNANT)
PAIN

Consideration of long-term treatment with opioid(s) as
part of the management of a patient suffering from
moderate to severe, debilitating chronic nonterminal pain
is justified if:

� other drugs and other methods with less risk of
serious side effects have failed to relieve pain and
improve quality of life;

� meaningful pain relief from an opioid drug is
demonstrated and is shown to be sustained with oral
or transdermal administration (for intrathecal opioid
administration, see Chapter 31, Intrathecal drug
delivery);

Box 10.1 Some important unresolved
questions about opioid therapy for chronic
nonterminal pain

� Weak evidence-base for effectiveness
and safety – how can the evidence be
strengthened?

� What are reliable criteria for starting opioids for
chronic nonterminal pain?

� Aims of opioid therapy: less pain, improved
physical and social functions – are they
realistic, or is improved mood and subjective
experience of improved quality of life (QoL)
appropriate goals?

� How do we determine opioid-responsiveness?
Trial period? For how long? Try only one – or
several opioids?

� Are some drugs more prone to cause
problematic opioid usage or is it the mode of
administration that determines the risk of
developing problematic opioid use?

� Are some patients predisposed to become
problematic patients? How do we assess risks of
developing problematic opioid behavior?

� How to recognize and manage development of
tolerance, physical dependence, withdrawal-
exacerbation of pain, end-of-dose breakthrough
pain?

� Is opioid-induced hyperalgesia a type of
neurotoxicity caused by prolonged opioid
therapy? Or just an accelerated development of
tolerance?

� Opioid-induced gastrointestinal dysfunction,
constipation, and laxative-induced distress – are
they major reasons for failure of opioid therapy?

� Importance of opioid-induced endocrine
dysfunction, e.g. decreased testosterone
and consequences for family life and quality of
life?

� Breakthrough pain: rescue fast-onset opioid
dose? – or escalating the background depot
opioid dose?

� Evidence for improved effectiveness of opioids
with coanalgesics and opioid rotation?

� How do we recognize and manage
pseudoaddiction behavior?

� How do we recognize and manage a
problematic opioid-using patient who is at risk
of developing the chronic neurobiological
disease of addiction?

� Chronic complex pain patients who develop
severe problematic opioid use: whose
responsibility is this? How do we manage true
addiction in pain patients and who should
manage them?

Box 10.2 Some administration modes are
safer than others

Administrations of opioid drugs that result in a
slow-onset, prolonged, and gradually decreasing
m-opioid receptor agonist effect appear to be more
easily controlled during long-term treatment than
administration of a fast-onset opioid with short
duration.

� Oral administration of controlled-release (depot)
formulations.

4, 8

� Transdermal administrations of opioids, e.g.
buprenorphine (three- or seven-day patch) or
fentanyl (three-day patch).

21

Potent opioids with quick onset and offset and
with short duration carry a higher risk of control
problems.

� Parenteral injections of opioids for chronic pain
are difficult to control and eventually lead to
escalation of dose and difficult compliance
problems. Lipophilic, potent opioids with rapid
onset are likely the most risky drugs to inject.
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� the patient’s quality of life, emotional, social, and
physical well-being are improved and the patient can
tolerate side effects;

� the risks of adverse effects of long-term opioid
therapy are acceptable;

� the patient, his family, and primary care physician
understand and accept the benefits and risks of long-
term opioid therapy;

� the patient and his primary care physician, and pain
specialist, are prepared to make the long-term
commitments and efforts needed for effective and
safe opioid treatment of chronic pain.

CONTRAINDICATIONS

Opioid-unresponsive pain

Patients who do not respond with meaningful pain relief
during a trial treatment period with adequate titration of
an opioid should not be continued on opioid drug

treatment. Some pain clinicians would give the patient a
second chance with one or even two different opioid
agonists, hoping that the receptor population of the
patient may respond better to one opioid than to another.

Neuropathic pain was formerly considered not
responsive to opioid drugs.30 However, opioid drugs are
now included in guidelines for pharmacological treatment
of neuropathic pain, usually as secondary drugs after the
first-line drugs have failed or given insufficient relief, that
is, after or in addition to antidepressants, calcium channel
alpha2-delta ligands, and topical lidocaine.21, 31, 32

Increased risk of aberrant opioid use

The risk of developing problems from prescription
opioids is increased:4, 5, 6, 7, 8, 11, 12, 33

� in patients with a history of previous or present drug
or alcohol abuse, and

� in patients with psychiatric comorbidities.

A family history of similar problems may also imply a
genetic predisposition for increased risk.

Screening instruments have been developed for eval-
uating the risk of problematic prescription opioid use and
predicting the likelihood of successful outcome of opioid
treatment.8, 33, 34 Validation of such screening tools is
ongoing.33

Relative contraindications?

Patients with increased risk of developing problematic
opioid use, however, also need pain relief.35 Therefore, a
history of drug or alcohol abuse is not an absolute con-
traindication. A severely debilitating pain condition in
such a patient may still warrant accepting the risk of
problematic opioid seeking or possibly risking pre-
cipitating addictive behavior. Clearly, increased vigilance
and monitoring of compliance with an agreed regime will
be required. This will require a major effort from all
parties concerned: the patient and his family, the primary
healthcare professionals, the pain clinic resources, and,
where available, possibly help from addiction medicine
specialists.8, 36

PATIENT INFORMATION AND CONSENT TO
OPIOID TREATMENT

Opioid treatment for chronic nonterminal (‘‘non-
malignant’’) pain requires that the patient is well
informed of the objectives, the expected benefits, short-
and long-term adverse effects, and the risks of developing
problematic use of an addictive drug. Both physician
and patient awareness of goals, potential problems, and

Table 10.1 Oral and transdermal opioids for chronic pain.

Generic name Analgesic starting dose in opioid
naive patient

Codeine 30mg every 4 hours

Codeine CR 100mg every 12 hours

Dihydrocodeine 15mg every 4 hours

Dihydrocodeine CR 60mg every 12 hours

Tramadol 50mg every 4 hours

Tramadol CR 100mg every 12 hours

Tilidin1naloxone CRa 5014mg every 12 hours

Morphine 10mg every 4 hours

Morphine CR 30mg every 12 hours

Oxycodone 5mg every 4 hours

Oxycodone CR 10mg every 12 hours

Oxycodone1naloxone

CRa
1015mg every 12 hours

Hydromorphone 2mg every 4 hours

Hydromorphone CR 4mg every 12 hours

Methadone 5mg every 8 hours

Pethidine not for chronic pain

Ketobemidone not for chronic pain

Buprenorphine patch 5mg per hour patch every 7 days

Fentanyl patch 12mg per hour patch every 3 days

Approximate starting doses for opioid-naive adult patients above 50 kg
body weight and normal general health. Doses must be reduced markedly in
patients on sedative, anxiolytic, or antidepressant drugs. Sedative, cogni-
tive, and respiratory depressant effects will be markedly enhanced by
alcohol.
CR, controlled release.
aNaloxone-containing, controlled-release opioids markedly reduce
opioid-induced gastrointestinal side effects and have no effect on
analgesia due to almost complete first-pass elimination by the liver.
However, in patients with liver dysfunction, first-pass elimination of
naloxone is not complete, which may precipitate withdrawal syndrome.
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responsibilities associated with opioid treatment should
be documented in writing.

� Verbal and written information, including informed
consent, should be given before starting a trial for
possible long-term treatment with an opioid drug.

� The patient is coresponsible for the dosing regime,
compliance, adjusting dosage for breakthrough pain,
and returning to baseline dosing.

� The patient must be able to understand and share
responsibility for observing and reporting symptoms
of development of tolerance, physical dependence,
and withdrawal symptoms.

� Should problematic use develop and before the start
up of opioid therapy, the patient needs to be aware
of the necessity of screening urine or serum for
medication level for drugs that have not been
prescribed by the responsible physician.

The patient must understand that adverse effects of long-
term opioid therapy may include the following.

� Confusion or changes in mental state or cognitive
and thinking abilities.

� Coordination problems may make operating
dangerous equipment or motor vehicles unsafe.

� Increased sleepiness, especially when combined with
other drugs or alcohol.

� Constipation requiring prophylactic stool softeners
and laxatives from initiating treatment.

� Respiratory depression if the dose of opioid drug is
rapidly increased, especially when combined with
night sedation or alcohol.

� Decreased appetite, nausea, heartburn.
� Decreased production of estrogen, testosterone, and

cortisol causing infertility and decreased libido.
� Physical dependence, the physiological adaptation to

the opioid drug characterized by the emergence of
withdrawal symptoms when the dose is rapidly
decreased. Withdrawal symptoms may be relieved by
readministration of the opioid drug. Physical
dependence is a predictable effect of regular,
legitimate opioid use, and does not equate with
addiction or drug abuse.

� Withdrawal syndrome is a constellation of signs and
symptoms due to the abrupt cessation of, or reduction
in, dose of a regularly administered dose of opioid. It
is characterized by varying combinations and severities
of the following symptoms that develop within hours
to days after abrupt cessation of the opioid:
– dysphoric, depressed mood;
– anxiety and fear;
– nausea, vomiting, diarrhea;
– muscle aches and abdominal cramps;
– lacrimation or rhinorrhea (runny nose);
– pupillary dilation;
– piloerection (‘‘goose flesh’’);

– sweating, fever;
– yawning;
– insomnia.

� Tolerance results from regular use of an opioid
analgesic leading to a need for an increased dose of
opioid to produce the desired effect on pain and
function. Tolerance is a predictable effect of opioid
use and does not imply addiction. Tolerance may
develop slowly, not at all, or rapidly.

� Breakthrough pain and pseudoaddiction occur when
pain for some reason increases transiently, requiring
an extra opioid dose, and the patient is met with
skepticism and breakthrough pain is not
appropriately handled. The patient shows behavior
similar to addictive behavior.

� Pseudoaddiction behavior may also occur when
tolerance slowly develops and the opioid dose is not
adjusted accordingly. This iatrogenic complication
does not occur when there is a stable, respectful, and
trusting clinician–patient relationship.

� Children born to mothers on regular opioid
medication are born physically dependent on the
medication and often develop a withdrawal
syndrome after birth.

� Logistic problems relating to planned international
travel must be anticipated and handled.

� Problematic prescription opioid use may develop in
about 10 percent of patients and requires either
discontinuation of opioid therapy or strict control
and compliance with an agreed contract.

� Addition is a chronic neurobiological disease resulting
from repeated use of opioids by persons genetically
prone to develop abuse of addictive drugs, substances,
and alcohol. This can occur during medical opioid
treatment for chronic pain, especially in patients with
psychosocial comorbidities. The prevalence is
unknown.8 Addiction is characterized by:
– loss of control of own behavior;
– compulsive urge to use the drug;
– continued use despite adverse social, physical,

psychological, occupational, and economic
consequences.

� There should be only one prescriber (with a deputy
prescriber(s) during absence for vacation, etc.) and a
single dispensing pharmacy for all pain-related
medication.

� There should be an agreed plan for monitoring
compliance of treatment that includes the number
and frequency of all prescriptions; however, only if
the patient demonstrates problematic opioid use
behavior is screening of urine or serum medication
levels, including checks for nonprescribed
medications, appropriate.

� Agreement on reasons for discontinuing opioid
therapy, including loss of demonstrable beneficial
effects, violation of the written agreement, and loss
of control and trust.
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ADDICTION AND PROBLEMATIC PRESCRIPTION
OPIOID USE IN CHRONIC PAIN PATIENTS

The multifaceted problem of addiction confounds the
issue of opioid treatment for chronic pain in patients with
normal life expectancy. There is no agreement on how to
define addiction in the context of medical treatment of
chronic pain with opioid analgesic drugs.8 The Interna-
tional Classification of Diseases (ICD)-10 diagnostic cri-
teria for ‘‘drug dependence syndrome’’ and the Diagnostic
and Statistical Manual of Mental Disorders (DSM)-IV
diagnostic criteria for ‘‘substance dependence’’ are not
applicable to chronic pain patients prescribed opioids.4, 8,
33 The same is said of the criteria listed in the consensus
document from the American pain and addiction socie-
ties: impaired control over drug use, compulsive use,
continued use despite harm, and craving.8, 37 Depending
on the definition and the understanding of what com-
prises addiction, the prevalence in published studies
varies from 0 to more than 50 percent.33, 38, 39, 40 The true
risk of developing addiction to prescription opioids is in
fact not known.8

The term ‘‘addiction’’ is highly stigmatizing to pain
patients and often used about patients reporting
poor effect of their opioid treatment, who do not
demonstrate signs and symptoms of true addiction.39

Nevertheless, opioids are addictive drugs and a poorly
controlled opioid therapy can create major problems for
susceptible patients. Multiple risk factors for addiction
are categorized by Ballantyne and La Forge4, 8 in three
groups as (1) psychosocial factors; (2) drug-related fac-
tors; and (3) genetic factors. When risk factors in each
category occur together, a real risk of developing opioid
addiction may be present in a chronic pain patient
receiving opioid therapy. There seems to be agreement
among experienced pain clinicians on the following
statements.5, 8

� Pain patients are unlikely to develop addiction if they
have no genetic predisposition, no psychosocial
comorbidity, and are taking stable doses of opioid
for the treatment of severe pain in a controlled
setting.

� Pain patients are at (higher) risk of developing
addiction if they have a history of personal or
family substance abuse, displaying one or
several psychosocial comorbidities, and if
opioid treatment is not carefully organized and
monitored.

� ‘‘Problematic opioid use’’ is a commonly used
descriptive term of patients who clearly do not have
optimal benefit from their opioid therapy, who need
better structure and monitoring of their treatment,
rather than being met with a skeptical attitude,
which rapidly destroys the vitally important
trustful patient–physician therapeutic relationship
(Box 10.3).8, 35

GUIDELINES FOR TREATMENT OF CHRONIC
NONTERMINAL (NONMALIGNANT) PAIN WITH
OPIOIDS

National and international pain societies, expert groups,
and governmental bodies have published guidelines for
opioid therapy in the management of patients with
chronic nonterminal/nonmalignant pain.22, 23, 24, 25, 26

Common principles of these guidelines are outlined
below, somewhat colored by the author’s own experience
during more than three decades of pain medicine
practice.

Assessment of pain condition, opioid response, and
justification for opioid therapy.

� Establish working diagnosis, differential diagnoses,
analyses of the pain condition with a conclusion as
to the type of pain, and possible etiological and
contributory pathogenic mechanisms.

� Specific statement of the medical indication for
assessment of opioid therapy:
– reasonable attempts (but unsuccessful) at treating

the pain condition with available nonopioid
medications and other interventions;

– markedly reduced quality of life.
� Potential contraindications to opioid treatment:

– history of alcohol or substance abuse (relatively
strong contraindication);

– unstable sociopsychological background (relative
contraindication).

Box 10.3 Behaviors of pain patients who
are developing problematic opioid use
caused by a suboptimal opioid treatment
regime

� The patient is focused on opioid issues during
clinic visits. This occupies a significant part
of the clinic visit time, interferes with and
impedes progress of other aspects of the
management of the patient’s pain. This behavior
persists.

� The patient develops a pattern of early
refills and insists on escalating doses
without any obvious change in the medical
condition.

� A pattern emerges with multiple prescription
problems, e.g. demands for early refills, lost
medications, lost prescriptions, stolen
medications. Eventually, finding supplemental
sources of opioids, obtaining opioids in
emergency rooms, illegal sources, forged
prescriptions.

8, 37, 39, 40
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� Blinded opioid intravenous infusion test (morphine
or alfentanil; see Chapter 5, Pharmacological
diagnostic tests):
– if there is a positive beneficial response after at

least one opioid on pain intensity, and preferably
some effect on sensory dysfunctional symptoms
(allodynia), proceed with oral trial;

– however, the intravenous opioid test has low
predictive value for the effect of orally
administered opioids. It is therefore acceptable to
go directly to a trial period with an oral
controlled release opioid.

� Proceed with trial period of about three to six weeks
with the goals of obtaining meaningful pain relief,
improvements in functions and quality of life, with
acceptable side effects.

� Start low with appropriate dose adjustments of:
– one of the orally controlled release (about 12

hours) opioid drugs (e.g. dihydrocodeine,
tramadol, morphine, oxycodone, hydromorphone
– depending on availability and prior opioid
treatment);

– or, if compliance with oral intake is difficult,
transdermal buprenorphine patch.

� Meaningful pain relief should be the goal of
treatment, so that the patient’s subjective overall
experience is satisfactory, or about 30 percent
reduction in pain intensity on a numeric rating scale.

� If these treatment goals are not obtainable with a
controlled-release oral opioid or transdermal
buprenorphine:
– attempts at maintenance therapy with transdermal

fentanyl may be considered;
– the author strongly advises against parenteral

opioid treatment by injection. This is too difficult
to control for prolonged periods;

– in highly selected cases, intrathecal opioid
administration may be considered (Chapter 31,
Intrathecal drug delivery).

THE OBJECTIVES AND TREATMENT PLAN FOR
MAINTENANCE OPIOID THERAPY

Objectives of treatment

The aims of treatment should be:

� reduction in subjective pain intensity and burden of
pain;

� improved ability to carry out daily activities;
� improvement in social functioning;
� improvement in subjective quality of life.

These must be measured according to principles outlined
in Chapter 3, Selecting and applying pain measures
and Chapter 2, Practical methods for pain intensity

measurements documented in the patient’s chart, and
followed over time.

Treatment plan

� The treatment plan should aim at maintaining
documented effects observed during the trial period.

� It should include the type of drug, administration
form, and dosage.

� There should be a frequent review of medication use,
effects, and overall benefits. Initially, this should be
carried out twice weekly, then weekly, and, when
stable, effects, side effects, and dose required should
be assessed on a monthly basis, later on possibly with
longer intervals.

� Included in patients’ charts at every office/clinic visit,
the following should be noted:
– efficacy of treatment on pain rating scales;
– functional changes in ability to perform daily

activities;
– changes in ability to function at home, at work, in

the community;
– any adverse effects of opioid medication (in

particular, attention should be given to opioid-
induced gastrointestinal dysfunction. Offer advice
on prophylaxis and treatment of constipation);

– assessment of compliance of drug use compared
with agreed plan;

– review of the diagnosis and treatment plan.
� There should be unannounced urine or serum drug

screens only when indicated.

Periodic reviews

At least every six months, there should be a review of the
current status compared with previous documentation to
determine whether continued opioid therapy is the best
option for the patient.

TREATMENT OF ACUTE PAIN IN PATIENTS ON
CHRONIC OPIOID THERAPY

When these patients have surgery, suffer trauma, or need
treatment in an intensive care unit, their need for
analgesic therapy is often severely underestimated.
Sometimes, even misguided attempts to wean them
rapidly from opioid therapy are initiated. These patients
do have opioid tolerance and need a tailored titration of
potent shorter-acting opioids; one should expect that the
patients need doses much above ‘‘normal’’ acute pain
doses to opioid naive patients. A restrictive approach,
reducing the opioid dose rapidly in such a situation is not
humane, nor is it ethical.

Consider adding clonidine to the opioid, a continuous
intravenous infusion, starting with clonidine 1–2 mg/kg
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per hour, or 150 mg orally every six hours. Clonidine
potentiates the analgesic effect of opioids and suppresses
many of the autonomic and physical withdrawal
symptoms.

Whenever appropriate, use a local or regional anes-
thetic technique, such as continuous femoral nerve or
epidural block. In addition to a successful regional
analgesic technique, opioid maintenance therapy is
necessary to prevent tormenting the patient with a
withdrawal syndrome.

TREATMENT OF BREAKTHROUGH PAIN IN
PATIENTS ON CHRONIC OPIOID THERAPY

Unless the pain is episodic with pain-free intervals long
enough to motivate an intermittent dosing regime, long-
term opioid treatment should be based on long-acting,
controlled-release opioids. When breakthrough pain
occurs, experts agree that the daily dose should be
adjusted, rather than treating breakthrough pain with
fast-onset, short-duration opioids. Loss of control and
problematic opioid use may more easily develop with the
latter regime.16

A ceiling dose of potent opioids for chronic
opioid therapy?

Whereas there does not seem to be a ceiling dose of
opioids when treating acute pain in opioid-naive patients,
gradually escalating doses during long-term opioid
treatment for cancer and noncancer pain often do not
improve pain relief, but markedly aggravate adverse
effects, even causing opioid-induced hyperalgesic states.
Experts do not agree on what is a reasonable ceiling dose
for a trial of opioid escalation when a previously helpful
opioid regime is failing.16 No doubt careful reconsidera-
tion of overall effects are necessary when an oral dose
equivalent of about morphine 200mg per day is exceeded.
However, the author has seen occasional patients have
apparent successful escalation up to 200 mg per hour
fentanyl patch (equivalent to about 500–700mg per day
of oral morphine?) for neuropathic pain, although
endocrinological and cognitive adverse effects were
apparent, eventually making detoxification necessary.

Opioid rotation when a ceiling dose or adverse
effects are problematic?

Changing to another opioid must be considered as an
alternative to discontinuation of opioid treatment when
escalating the opioid dose has failed to improve analgesia.
Sometimes this is helpful, possibly because opioids vary
in their receptor interactions. When changing from one
opioid to another, this can be done rapidly, making sure

the new opioid is started at 50 percent less than the
equivalent dose of the outgoing opioid.16 When changing
from morphine to methadone, the initial methadone dose
should be even less.

AN EXAMPLE OF OPIOID TREATMENT FOR
CHRONIC NOCICEPTIVE PAIN

A typical example is an elderly lady with osteoarthritis.
Her sleep is severely disturbed by pain at night and she is
immobilized by pain which is exacerbated by walking. She
cannot tolerate major surgery and joint replacement is
unavailable for socioeconomic reasons. Paracetamol
(acetaminophen) is barely effective, nonsteroidal anti-
inflammatory drugs (NSAIDs) and cyclooxygenase-2
(COX-2)-specific inhibitors cause unacceptable adverse
gastrointestinal and renal effects. Other nonopioid
analgesics, such as metamizole (dypyrone) or nefopam,
are not available. Most physicians would consider it
highly appropriate to prescribe an opioid analgesic to this
patient.

� Treatment goals: improving quality of sleep and
mobility; these are obtainable with opioids added to
paracetamol with an acceptable risk of adverse
effects.

� Opioid drug and dosing should be tailored to her
pain profile. One of the so-called ‘‘weak opioids’’
may suffice, but neither codeine nor tramadol have
an optimal adverse/benefit profile for this patient.
Thus, a low starting dose of a controlled-release,
10–12 hours, pure m-opioid agonist, taken once or
twice daily, will be a better choice. If compliance
with oral opioid is difficult in this elderly lady, the
seven days buprenorphine 5 mg per hour patch, or a
three days fentanyl 12 mg per hour patch may be the
best option.

� Monitoring of effects and side effects: besides
assuring that meaningful pain relief is maintained, it
is extremely important in this patient to focus on
sedative and cognitive side effects in the initial phase
of treatment.

Sedation and cognitive changes are initially opioid dose-
dependent. With a carefully adjusted dose, they should
not be major problems unless comedications with seda-
tives, anxiolytics, antidepressants, or alcohol occur. All of
these drugs synergistically potentiate the sedative effects
of opioids, may cause confusion, or result in falls and
fractures in a frail osteoporotic elderly lady.

Preventing opioid-induced gastrointestinal dysfunc-
tion is important. Appropriate emphasis should be placed
on intake of nutritional fiber, stool softener, and a laxative
as needed to obtain at least three bowel movements a
week with normal fecal consistency. When peripherally
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acting opioid antagonists become available, patients like
this one will benefit from coadministration of such drugs.

CHRONIC NEUROPATHIC PAIN

Patients suffering from chronic noncancer pain often have
a component of neuropathic pain due to peripheral or
central nervous system pathological mechanisms.
Abnormal painful sensations provoked by innocuous
stimuli and spontaneous pain from dysfunctional nervous
tissues result in unpleasant, painful experiences.31 A
number of nonopioid drugs can modify these abnormal
pain mechanisms and to some degree reduce suffering.32

It is appropriate to prescribe an opioid for patients suf-
fering from chronic nonnociceptive pain, when the first-
line drugs and other measures fail to relieve the suffering
and burden of neuropathic pain.1, 32 The dose needed
may sometimes be higher than for nociceptive pain.
Otherwise the general principles described above must be
adhered to.1, 32

CHRONIC BACK PAIN

A systematic review of 38 studies with reasonable quality
concerning opioid treatment for chronic back pain was
published in 2007.38 Prevalence of opioid treatment for
chronic back pain varied from 3 to 66 percent, higher in
patients with reduced functional capacity. In 15 studies,
opioid treatment was compared to placebo or other active
treatments for up to 16 weeks. The treatment effects of
opioids were marginal compared with placebo or control
therapy. Problematic prescription opioid use, or what the
authors considered to be ‘‘addiction,’’ varied from 3 to 43
percent. Clearly, this commonly occurring musculo-
skeletal pain condition, complicated by components of
neuropathic pain and psychosocial comorbidities, is a
typical persistent or recurring pain condition where
primary care physicians and specialists are faced with the
dilemma of adding an opioid analgesic. My advice is to
comply with the general principles described above
under Guidelines for treatment of chronic nonterminal
(nonmalignant) pain with opioids.

COMPLEX CHRONIC PAIN CONDITIONS
COMPLICATED BY FAILED OPIOID THERAPY

These patients present at pain clinics with poor analgesic
effect of opioid therapy, and adverse effects of long-term
opioid therapy is aggravating their original pain pro-
blem.33 They often present with behaviors indicating
problematic opioid use and poor management of their
opioid therapy (Box 10.4). They can often be helped to
better effect and better control of their opioid therapy by
the resources of a pain center.41

When the patients present with behaviors that clearly
indicate addictive behavior, but also with a real pain
problem (Box 10.5), these patients will need the resources
of a multidisciplinary pain center and addiction medicine
specialists.42 Rhodin and collaborators in Uppsala have
demonstrated that even extremely problematic, truly
addicted pain patients can be helped back to reasonable
quality of life, even back to active working life, by a
modified methadone treatment program.42 Methadone is
administered for pain as well as for control of addictive
behavior.

CASE HISTORY ILLUSTRATING PROBLEMS
FACING THE DOCTOR AND PATIENT DURING
LONG-TERM OPIOID TREATMENT FOR
NONMALIGNANT PAIN

A now middle-aged, former active student of political
sciences and economics, now an unemployed single
mother, suffered from psoriatic arthritis from the age of
12 years. Gradually, her joint pain increased, especially in
the wrist joints, despite treatment with the customary
regimens for arthritis. For analgesia, she took paracetamol
(until low-grade hepatitis C was diagnosed, caused, most
likely, by a complication from a blood transfusion after
the birth of her child) and codeine or dextropropox-
yphene until the age of 31 years, when she underwent
surgery to her right wrist joint with a synovectomy. Her
right wrist pain increased, however, and she had surgical
arthrodesis six months later. Her pain did not improve
and she underwent surgery four years after the first
operation, when one nerve entrapped in scar tissue was
released, leading to a transient improvement of the pain.
By now, the patient had acquired an iatrogenic complex

Box 10.4 Behaviors usually indicating
problematic opioid use (and suboptimal
opioid regime) rather than true addiction

� Aggressive complaining about the need for more
drug (the patient may be right: tolerance is
developing).

� Drug hoarding during periods of reduced
symptoms (makes sense).

� The patient requests specific drug(s) (the patient
may be right: all opioids are not alike; opioid
receptors vary from person to person).

� Openly acquiring similar drugs from other
medical sources (a reasonable consequence?)

� Admitting unsanctioned dose escalation on one
or two occasions (patient hoping for better pain
relief).

11, 12, 40
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regional pain syndrome in addition to her arthritis. For
several years, she also had migraine and a gastrointestinal
disorder with loose stools and abdominal cramps. This
was aggravated by analgesic tablets, so she preferred the
rectal administration of analgesics. Escalation of her
opioid treatment started after the first operation, with
occasional ketobemidone suppositories as rescue analge-
sia during periods of severe pain. From the age of 33
years, she was evaluated and treated at the pain clinic at a
university hospital. She had little or no benefit from
sympathetic blocks, amitriptyline, and clonazepam. She
was maintained on pentazocine suppositories, which gave
adequate pain relief for about three years. Gradually, the
opioid was escalated to ketobemidone suppositories three
to five times daily. From the age of 37 years, she was on an
average dose of ketobemidone 5mg four times daily, with
two extra doses allowed every day for breakthrough pain.
(Ketobemidone is equipotent with morphine.) The
patient moved to a smaller town in another part of the
country. In this town, it was impossible for the patient to
find a doctor who was willing to continue opioid pre-
scription. The local health authorities accused her of
being addicted to opioids and only offered her withdrawal
treatment. An Enforcement Court rule made it possible
for her to maintain contact with her former primary care
physician, who continued to prescribe opioids. This was a
difficult arrangement because of the distance. She was
allowed to consult him four times a year. However, this
arrangement became too difficult for everybody when the
patient developed breakthrough pain and aggressive
pseudoaddiction behavior. It was only after two years that
a doctor in the local town was willing to assume opioid
prescription responsibility for the patient. However, the

patient had increasing difficulties with the child care
authorities, who had received anonymous accusations of
irresponsible care of her child due to opioid usage. The
social circumstances in this town became impossible and
she moved to the nearby community where she had
grown up as a child and settled in the house in which her
now ailing parents had lived until a few years previously.
In this community, the district general practitioner had
the knowledge and experience to take on the responsi-
bility for managing her opioid treatment. He was able to
establish a treatment regime based on a mutually trustful
relationship which has been very successful for the
patient. She has been able to decrease her opioid drug
usage, functions socially, and is able to care well for her
child. She has confidence in her primary care physician
and the previous, quite dramatic, episodes of break-
through pain with aggressive pseudoaddiction behavior
disappeared.

Comments

This patient illustrates that chronic noncancer pain can be
treated with potent opioids for prolonged periods. The
case also illustrates well how demanding this type of
treatment is for the patient and the doctors involved.
Pseudoaddiction can rapidly escalate into a major pro-
blem with a vicious circle of mistrust and accusations.
This develops more easily when the doctor and patient do
not know each other well, and the relationship can
become very difficult when the patient is unwilling to
accept the treating physician’s diagnosis of problematic
prescription opioid use. Although the guidelines for
chronic opioid treatment of noncancer pain are fairly
straightforward, in practice they can be quite demanding
and many doctors and pain clinicians have been taken by
surprise by the many unexpected difficulties that develop.
Understanding and being prepared to tackle pseu-
doaddiction behavior makes this task easier. Clearly,
multidisciplinary pain clinic expertise and resources are
needed to help primary care physicians manage such
challenging patients.

CONCLUSIONS

Opioid analgesics are the most effective drugs relieving
severe acute and terminal pain. Long-term use of opioids
can reduce the burden of suffering from chronic non-
terminal pain, but adverse effects often reduce the bene-
ficial effects. The evidence base for long-term benefits and
safety is weak. Adverse effects of long-term opioid treat-
ment include gastrointestinal, endocrinological, and
cognitive dysfunctions, development of tolerance, hyper-
algesia, pseudoaddiction behavior, the chronic neuro-
biological disease of addiction with compulsive use in
spite of obvious deleterious effects of continued opioid

Box 10.5 Behaviors that indicate
development of true addiction in a patient
on opioid for chronic pain

� Selling of prescription drugs.
� Stealing or ‘‘borrowing’’ drugs from others.
� Injecting oral formulations.
� Obtaining prescription drugs from nonmedical

sources.
� Concurrent abuse of alcohol or illicit drugs.
� Multiple dose escalations or other

noncompliance with therapy despite warnings.
� Multiple episodes of prescription ‘‘loss’’ and

prescription forgery.
� Evidence of drug-related deterioration in the

ability to function at work, in the family, or
socially.

� Resistance to changes in therapy despite
evidence of adverse physical and psychological
effects.

11, 12
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use. Guidelines and recommendations for best practice of
opioid use for chronic nonterminal pain are based mostly
on experts’ opinions. Steady-state regimes (stable dose of
controlled-release oral or transdermal delivery) are con-
sidered to have the best benefit/risk ratio. Intermittent-
use regimes (dose as needed) are recommended by some
experts in selected patients with pain-free periods,
recurrent pain, and low risk of problematic use. Whatever
regime is chosen, long-term opioid therapy demands a
major effort by physicians and patients to optimize
benefits and reduce risks of serious adverse effects.43
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KEY LEARNING POINTS

� Continuous subcutaneous infusions (CSCI) are accepted

best practice for the management of cancer pain when

other routes are not possible or desirable.
� The subcutaneous route can be used for the control of

symptoms other than pain.
� Opioids are the main analgesics given by CSCI.
� The choice of opioids is dictated by availability,

volumes, and comorbidities, such as renal and hepatic

failure.

� Adverse effects are common but preventable.
� Naloxone is used to reverse opioid toxicity.
� Drug compatibilities are available on the internet and

published in books.
� Local agreed syringe driver operational standards

should be in place with cyclical audits and

critical incident reporting to ensure good clinical

governance.

INTRODUCTION

Continuous subcutaneous infusions (CSCI) are widely
used for the control of pain in patients with cancer, par-
ticularly in the later stages of their illness. They have

an important role in the terminal phase where drug
administration by other routes is unreliable.1, 2, 3, 4 The
main indications for their use are summarized in Box 11.1.

Subcutaneous infusions are usually delivered by
means of a mechanical syringe driver. Drug infusions by



this technique have also been found useful to alleviate
a number of other symptoms in patients with agita-
tion, vomiting, and intestinal obstruction and dry
secretions.5 The use of CSCI requires a number of
assumptions.

� That the physicochemical and pharmacological
properties of drugs (either singly or in combination)
are suitable for administration by this route.

� That the drug remains stable in solution for the
duration of infusion.

� That absorption from the subcutaneous tissues is
reliable and constant.

The subcutaneous route is preferred because of the
following.

� Ease of access. Subcutaneous infusions can be
administered at a wide variety of sites over the
body surface. They are not dependent on finding a
suitable vein and the patient does not have to be
moved or turned or have their movement restricted
in any way.

� Safety. There are fewer complications than with
intramuscular or intravenous injections. Nursing
staff require few special skills or experience. The
infusion can be easily resited in the event of
displacement without the need for specialist facilities
or staff.

� Less pain and discomfort for the patient,
particularly if repeated injections are needed.
Portable devices allow the patient to remain
ambulant and to be managed in the community that
is rarely possible using intravenous access. Moreover,
the infusion pump (syringe driver) can be concealed
beneath the bed covers or in a carrying pouch
causing less distraction and anxiety for the patient
and family.

INDICATIONS FOR USE OF SUBCUTANEOUS
INFUSIONS

The principle indications for subcutaneous infusions by
syringe driver are summarized in Box 11.1. For the
management of pain, the principle indications are:

� vomiting;
� unreliable absorption (e.g. intestinal obstruction);
� variable consciousness or dysphoria;
� uncontrolled pain;
� use of specific drugs (e.g. ketorolac, ketamine).

Commonly, syringe drivers are used to manage symp-
toms in patients who are dying where periods of
wakefulness lessen and oral medication can no longer
be taken reliably. During this time, it is generally
considered important that the patient continues to
receive prescribed analgesia and the only way to
administer this is parenterally. The argument against the
routine use of syringe drivers in this situation is that not
all patients require injectable analgesia and that pos-
sibly the requirement for strong (opioid) painkillers
lessens during the dying process because of multiorgan
failure.

For the patient who is vomiting and in pain, a syringe
driver provides a tool for dual management of symptoms
with combinations of analgesic and antiemetic drugs.
Continuous administration of drugs by this route
diminishes the need for, and discomfort of, intermittent
injections. In uncontrolled pain, the use of a syringe
driver is preferred to the use of ‘‘as-required’’ injections
for pain not only for comfort, but also to reduce the risk
of tolerance and rapidly escalating opioid dose.6

CONTRAINDICATIONS

There are no absolute contraindications to the use of a
subcutaneous infusion and it is possible to administer
very large volumes by this route. Severe clotting
abnormalities, particularly a depressed platelet count,
predispose to the risk of hemorrhage at the injection site.
Occasionally, severe skin disease makes needle placement
difficult and subcutaneous needles should not be posi-
tioned into lymphedematous skin or into active tumor
sites. Similarly, needles should not be inserted into skin
that has been irradiated and the insertion site should be
away from joints.

Phobic anxiety states may preclude the effective use of
a syringe driver and patients with florid psychotic dis-
turbance will often not tolerate their use until adequate
sedation has been achieved or the cause of the mental
disturbance treated.

The use of subcutaneous infusions by syringe driver
requires appropriate consent from the patient.

Box 11.1 Indications for continuous
subcutaneous infusion

� Unconsciousness
� Terminal care
� Vomiting
� Intestinal obstruction
� Dysphagia
� Unreliable absorption by other routes
� Pain control
� Non-compliance
� Use of specific drugs
� Patient preference
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USE OF SYRINGE DRIVERS

Syringe drivers are the most popular means to administer
subcutaneous infusions.7 They are precision instruments
that are calibrated to travel a fixed distance in a given
time. The volume administered to a patient will vary
according to the size of syringe fitted to the driver and the
dose of drug will depend upon its concentration within
the syringe. There is potential for confusion in translating
a prescription for a drug dose in milligrams to a driver
speed in millimeters.

There are several commercially available syringe dri-
vers and the choice of driver will often depend upon local
availability and cost. Portable battery-driven units have
gained widest acceptance for the management of pain in
patients with cancer. In the UK, the most widely used
syringe drivers are the Graseby models MS16(a) and
MS26. When drugs need to be administered in a large
volume of diluent, a mains-operated device may be pre-
ferred as most portable syringe-drivers will only accom-
modate a 35-mL syringe containing 25mL fluid.

Portable syringe drivers enable the patient to be ambu-
lant and can be easily transferred between hospital and
community settings. The main disadvantages are that they
are not fitted with malfunction alarms to warn if the device
is inoperative, battery power is low, driver overspeeding, or
inadvertent catheter disconnection. They do not allow
significant bolus administration for breakthrough pain.

Most syringe drivers allow the rate of administration of
drug to be varied. Devices which permit the patient to
administer bolus doses of analgesia (patient-controlled
analgesia (PCA)) have not gained wide acceptance in
control of cancer pain. Potentially, the use of PCA might
allow rapid titration to stable doses in opioid-naive sub-
jects or when changing from one opioid to another when
conversion factors are uncertain (e.g. morphine to fen-
tanyl). However, the effective use of PCA requires intra-
venous access. Fixed rate infusions may be preferred
because of the following.

� Presetting the syringe driver reduces the opportunity
for error when users vary the rate during the course
of an infusion.

� It enables better planning of nursing care as the
syringe driver will need replenishment at a
predictable time.

� It is common practice to include more than one
drug in a CSCI.

STARTING A SUBCUTANEOUS INFUSION

The procedure for starting a subcutaneous infusion will be
determined by local policy and procedure and influenced
by the availability of drugs and equipment. The decision to
administer drugs by this route will be a clinical decision
made by the medical team caring for the patient in

discussion with the patient and family. A careful explana-
tion at this time is important. Patients are often frightened
about the use of syringe drivers and for many it will be
perceived as something that is done before death.

In all cases, setting up the infusion device (usually a
portable syringe driver) should follow the manufacturer’s
instructions. There are some important points to observe.

Prescribing

Prescriptions should be unambiguous, legible, specify the
drugs to be used, their doses, the diluent, and the dura-
tion over which they are to be infused. Standard pre-
scription sheets may be used, although for clarity and
because the dose or combination of drugs may be chan-
ged, a purpose-designed prescription sheet might be
preferred. The practitioner will need to comply with
national legislation and local policies for prescription of
controlled drugs.

Unless there are reasons to do otherwise, it is recom-
mended that the doses be written in milligrams per 24
hours and that the infusion pump be set to run for this
time.

Priming and siting

Drugs need to be drawn up and mixed in a volume
appropriate to the syringe device to be used. When pre-
paring a subcutaneous infusion, it is important to make
allowances for the additional volume needed to fill the
connection catheter – in some cases this may be as much
as 2mL. This needs to be taken into account when cal-
culating the time that the syringe will need to be
replenished. Tubing should be connected using luer-
locking devices.

Needles can be sited in almost any part of the body,
but most convenient sites include upper chest (above the
breasts), outer upper arms or thighs, the abdomen, and
sometimes over the shoulders. The injection site should
be covered with a transparent dressing. Once sited, ensure
equipment is functioning properly and record the time
the infusion starts.

Monitoring

Monitoring a subcutaneous infusion is essential. There
are four main objectives:

1. to ensure the infusion delivers drugs as
prescribed;

2. to monitor pain and symptom control;
3. to inspect the injection site;
4. to check for adverse events and toxicity.

Simple checklists can be used to ensure that an infusion
is progressing in a satisfactory manner. These can be
adapted to the clinical circumstances and frequency of
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observations will depend on the availability of staff and
the environment in which the patient receives care. In a
specialist unit, observations every four hours might be
expected, while in the community setting these are
inevitably less frequent. It is unnecessary and often
inappropriate to perform a full profile of clinical mea-
surements. Careful bedside observation is usually suffi-
cient. Printed charts allow standardization of observation,
act as an aide-memoir, and are useful for audit. Important
items to record include:

� volume remaining in syringe (this not only provides
a check that the infusion rate is as expected, but also
provides an estimate of when it will need to be
replenished);

� infusion device operating, connections are intact and
not leaking;

� inspection of the injection site.

Simultaneously, a brief clinical assessment of the patient
will include:

� level of consciousness/sedation;
� pulse and respiration;
� peripheral circulation, color, sweating;
� spontaneous movement or twitching;
� grimacing/moaning.

Monitoring pain control can be done using standard
pain-assessment tools. If the patient is awake and co-
operative, a simple visual analog scale (VAS), a 0–10
numeric rating scale (NRS), or a four-point verbal cate-
gorical rating scores are most commonly used. If the
patient is obtunded or unconscious, pain rating has to be
done by proxy, usually by the attending nurse and using
visible nonverbal indicators of pain, for example, an
estimate on a 0–10 NRS scale.

COMPLICATIONS

Complications with the use of subcutaneous infusions are
uncommon. They can be considered under the following
headings:

� equipment malfunction;
� reactions at injection site;
� drug reactions;
� prescribing errors.

Equipment malfunction

Modern infusion systems using syringe drivers are reliable
and technical failure is unusual. Typical problems include:

� low power/battery failure;
� failure to recognize when syringe is fully discharged;

� disconnection of delivery tubing;
� tube blockage;
� syringe displacement in the driver;
� cracked or leaking syringe;
� driver overspeed;
� backlash – delay in infusion because the plunger on

the syringe is not closely opposed to the driver
mechanism at start up.

In each situation, the cause is usually obvious and
remedied by appropriate action. Syringe drivers that
malfunction should be inspected by an engineer and
reapproved before further use. Many problems can be
avoided by having local policies and procedures for use of
syringe drivers.

Reactions at injection site

Minor reactions at the injection site are frequent and do
not usually require intervention other than regular
monitoring (Pickard, personal communication, 2004).8

On the other hand, reactions at the injection site are the
most common reason for having to resite the infusion.
Reactions can vary from minor erythema to florid
inflammatory lesions with abscess formation. With severe
drug incompatibility, frank necrosis at the injection site
may occur. The following should be considered when
reactions are severe or frequent.

� Some drugs are reported to cause more frequent
reactions (cyclizine, diclofenac, ketamine, and
methadone).

� The risk of reactions is increased when drugs are
mixed together.

� Is the correct diluent being used?
� Is there an allergic response to the drug or metal

needle?
� Infection should be considered in the event of

reaction.
� Host factors, such as severe clotting abnormalities,

liver failure, renal failure, and immunosuppression,
may increase the likelihood of reactions.

Management of reactions will depend on severity. The
infusion must be resited if the reaction is severe. Simple
dressings are usually all that is required, but sometimes
topical or systemic steroids, antibiotics, and surgical
drainage or debridement are necessary. In all severe
reactions the cause should be sought and consideration
given to:

� changing the drug or diluent;
� diluting the infusion;
� using single drug infusions;
� changing to a cannula made of plastic or Teflon,

rather than metal;
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� adding low doses of corticosteroid to the infusion
(e.g. dexamethasone 1mg);

� using an alternative route of administration;
� ensuring an aseptic technique when preparing and

dispensing an infusion.

Drug reactions

Drug reactions may occur in the infusion apparatus, at
the injection site, or in the body. Systemic drug reactions
are no more or less common when the drug is given by
subcutaneous infusion. However, there are some special
circumstances, which may lead to under- or overdosing.
When opioids are infused, there is a potential for narcosis
in the following situations, despite there being no
apparent change in the prescribed amount of drug.

� The bioavailability of a drug may be altered when
two or more are mixed together. If a change is made
from one combination to another, or a decision
made to administer drugs singly, the opioid may
become more (or less) active.

� Factors used to calculate the dose of opioid when
converting from oral to subcutaneous infusion, or
from one opioid to another, are only approximate
with large inter- and intrasubject variation. If a
subcutaneous infusion is commenced because of
vomiting or intestinal obstruction, inadvertent excess
may be given because the patient had not been
absorbing the prescribed opioid previously given by
mouth.

� At very high doses, it is unwise to apply the usual
conversion factors when changing from one opioid
to another as the second given opioid is likely to
appear more effective. This observation has been
used to advantage when opioid responsiveness is lost
or adverse effects occur and has led to the concept of
‘‘opioid rotation.’’

� Other concomitant pain interventions may reduce
the opioid requirement. Large reductions in opioid
dose are sometimes needed if ketorolac or ketamine
are added.

� The rate of absorption from the subcutaneous tissues
may be enhanced if the patient is febrile, topical heat
applied, or the ambient temperature is high.
Conversely, hypotensive patients with poor peripheral
circulation may receive inadequate doses of analgesia.

Management of adverse events requires identification and
withdrawal of the suspected drug. Regular inspection of
the infusion will detect clouding or crystallization and new
solutions prepared should this happen. The clinician needs
to watch for the unexpected emergence of opioid toxicity
and be prepared to adjust the dose accordingly. In practice,
serious opioid toxicity with subcutaneous infusions is
uncommon and more likely to occur in opioid-naive

subjects or in those for whom a concomitant pain inter-
vention is successful and the opioid dose left unchanged.

Prescribing errors

Prescribing errors can put the patient at serious risk, are a
cause of great anxiety to the clinical team, can destroy
confidence, and may lead to subsequent litigation. They
are nearly always avoidable. Errors can occur in writing
and reading a prescription, dispensing and preparing a
drug, identifying the recipient, and monitoring drug
administration. Although the use of subcutaneous infu-
sion involves simple techniques, there are some important
sources of error.

� The volume needed to dilute the drugs and the
volume of syringe available for infusion have to be
calculated.

� It may not be possible to use a full syringe because the
jaws of the syringe driver will not open wide enough.

� Whether an adjustment is to be made for the
capacity of the connection tubing.

� The rate of the infusion is typically measured in
distance (mm) travelled along the barrel of the
syringe, not the volume.

� The rate at which the driver operates may be
expressed in different units of distance and time
from one driver to the next.

� If the dose prescribed is altered, a completely new
solution must be prepared with a new syringe.

Elimination of prescribing error is an important part of
risk management for all clinicians and organizations
engaged in patient care. The following are suggestions to
help achieve this:

� clinicians to be fully conversant with a range of
locally available drugs;

� access to specialist services;
� standardization of equipment across clinical areas;
� published protocols and guidelines for the use of

subcutaneous infusions;
� documented procedures for setting up infusions and

delivery systems;
� record keeping, ensuring standardization of

prescription and monitoring of infusion;
� regular servicing and calibration of equipment;
� quality control and audit;
� education and training.

CHOICE OF ANALGESIC

Cancer pain is complex. It may arise directly from the
tumor, from secondary deposits, or result from treatment.
Pain in multiple sites is common and is often difficult to
classify. Pain may have several different components
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(somatic, visceral, or neuropathic) and these may vary
with time. It has been estimated that 60 percent or more
patients will be prescribed morphine or other strong
opioids during the course of their illness.9 It must be
remembered that not all patients with cancer experience
pain and that opioids may be used for other indications,
such as breathlessness or to relieve anxiety and distress.
Cancer pain can rarely be managed by drug therapy alone
and even the most skilfully crafted prescription will be
ineffective if no attention is paid to the other physical,
emotional, and psychological aspects of a patient’s care.

The choice of analgesic and dose for use by
subcutaneous infusion is influenced by several factors:

� previous analgesic requirement and opioid use;
� availability of drug;
� type of pain;
� evidence of renal or hepatic impairment.

USE OF OPIOIDS

Continuous subcutaneous infusions of opioids are routi-
nely used to manage cancer pain. Morphine remains the
strong opioid of choice worldwide for cancer pain man-
agement (Figure 11.1). Buprenorphine is an example of a
moderately strong opioid that can be administered via the
subcutaneous route. Alternative strong opioids can be used

if morphine is not available or not tolerated. Adverse effects
may occur in up to 20 percent of patients in a recently
published survey.10 Alternatives include diamorphine
(mainly used in the UK), fentanyl, alfentanil, sufentanil,
oxycodone, hydromorphone, and methadone. Analgesic
actions of opioids may differ slightly and this relates to
differences in affinities for the three main opioid receptor
subtypes (mu, kappa, and delta) and to the production of
active metabolites. Genetically determined variations in
subtypes of opioid receptors cause large interindividual
differences to pain-relieving effects of opioids.11

Morphine is well absorbed after s.c. injection and is
metabolized in the liver to morphine-3-glucuronide
(M3G) and morphine-6-glucuronide (M6G).12 M6G is
thought to be pharmacologically active and more potent at
the mu-opioid receptor. Both M3G and M6G are renally
excreted. Accumulation of M6G in renal failure is impli-
cated as the cause of undesirable effects, such as nausea,
vomiting, drowsiness, and respiratory depression.13, 14

Other effects such as hyperalgesia, myoclonus, and agita-
tion have been attributed to M3G in animal models.1, 15, 16

Alternative opioids to morphine should be considered
in the following circumstances:

� the pain is opioid responsive;
� there are unacceptable side effects – nausea,

vomiting, constipation, respiratory depression,
drowsiness, or agitation;

� there is significant renal or liver impairment.

Convert to s.c. 
morphine sulfate 
or diamorphine

Morphine

Convert to s.c. 
oxycodone

Oxycodone

Remove patch and start 
s.c. alfentanil/sufentanil 

morphine
diamorphine

Transdermal fentanyl

Morphine/diamorphine
2.5 mg s.c. bolus, start

s.c. morphine
diamorphine

10−15 mg /24 hours

Yes

Prescribe
morphine/

diamorphine 2.5−5 mg 
s.c. boluses as needed

No

Is the patient in pain?

No

Patient with cancer pain requiring CSCI 
Is the patient receiving oral opioids?

Yes

Figure 11.1 Algorithm for choice of opioid when starting continuous subcutaneous infusions (CSCI).
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The most commonly used alternatives to morphine used
in CSCI are listed below:

� alfentanil (particularly in the setting of renal failure);
� diamorphine (UK only);
� oxycodone (dose reduction required in severe renal

failure);
� fentanyl (large volumes limit use in CSCI);
� methadone (to be initiated only with specialist

supervision, relatively safe in renal and liver failure);
� hydromorphone (recommended in patients who

cannot tolerate morphine, especially if diamorphine
and alfentanil are not available, requires small
volumes).

PRESCRIBING OPIOIDS

Often patients needing CSCI for cancer pain will be on
oral morphine. Converting from the oral to the sub-
cutaneous route, e.g. from morphine sulfate tablets
(MST) to morphine, is a common clinical situation and
generally this conversion is made by halving the oral dose
– i.e. using a 2:1 ratio. There is variation in practice,
particularly when switching between opioids, and a guide
to conversion ratios is given in Table 11.1. It is important
to remember that all conversion ratios are approximate

and need to take account of interpatient variation and
incomplete cross-tolerance between different opioids.

When starting a CSCI, the following points should be
considered.

� Is the pain controlled on the current opioid?
� Is there a suitable parenteral preparation available?
� When changing from oral to CSCI, a rule of thumb

is to use a 2:1 ratio.
� Initial dose conversion should be conservative – it is

better to underestimate the dose for CSCI and make
available rescue medication than potentially expose
the patient to risk of becoming opioid toxic.

� Rescue doses at one-sixth of the total daily dose of
opioid should be prescribed.

� Anticipatory prescribing for predictable side effects
should be considered, especially laxatives for
constipation and antiemetics for sickness.

OPIOID TITRATION

Regular review is required once a CSCI with opioid is
commenced. If the pain is not controlled or if there is a
need for frequent breakthrough doses (more than two
doses per 24 hours) the total daily dose will need to be

Table 11.1 Approximate opioid equivalence for subcutaneous infusion.

Opioid Concentration Morphine:
drug
equivalence

Dose range Evidence Notes

Morphine sulfate 10, 15, 20, 30mg/mL 1 No upper limit II Dose reduction advised in

renal failure

Morphine

tartrate

120mg/mL

Diamorphine HCl o250mg/mL 1:0.5 No upper limit II Dose reduction advised in

renal failure

Fentanyl 100 mg/2mL 1:0.01 25–50 mg/hour III Hepatic excretion

Alfentanil 1mg/2mL 1:0.25 0.5–1.0mg/24 hours

Sufentanil 50 mg/mL No upper limit Sufentanil is seven times

more potent than

fentanyl

Methadone HCl 10mg/mL 1:0.25–1 No upper limit. Use only

if on oral methadone

initially

III Specialist palliative care

use only. No dose

adjustment necessary in

renal and liver failure

Hydromorphone

HCl

10, 20, 50mg/mL 1:0.2 Range 1–35mg/hour. No

maximum dose

II Used if small volumes are

required

Oxycodone 10mg/mL, 20mg/mL 1:0.6–1 No upper limit. Starting

dose for opioid-naive

patients 5–10mg/24

hours

III Dose reduction advised in

liver and renal failure

Buprenorphine Transdermal 35–140 mg/
hour patches

1:0.1–0.2 1600 mg/24hours
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increased. The infusion can be increased by 25–30 percent
or more if necessary. Alternatively, the total amount used
for breakthrough analgesia in the preceding 24 hours can
be added to the CSCI driver. The aim is to have the
patient pain free and mentally alert.

CHANGING OPIOIDS

Up to 30 percent of cancer patients with pain do not
achieve satisfactory pain relief with morphine.17 For these
patients, changing from morphine to an alternative
opioid often improves analgesia and reduces toxicity. For
example, there is a clinical impression that fentanyl may
give slightly less constipation while oxycodone may cause
fewer hallucinations. Opioid switching is now established
clinical practice. There are an increasing number of
alternatives to morphine. Suggested, approximate equi-
analgesic doses of opioids are shown in Table 11.1, but
caution is advised in their interpretation.18, 19

OPIOID-NAIVE SUBJECTS

Occasionally, a subcutaneous infusion will be started in a
patient in pain but who has not previously received
opioid analgesia. The need for parenteral therapy may
also indicate that the patient’s clinical condition is de-
teriorating. Opioids should be started at very low doses,
particularly in the elderly or those with renal impairment.
Subsequently, an assessment of the total daily require-
ment can be made from the need for supplementary
analgesia. It is very difficult to estimate the opioid
requirements and frequent clinical review is needed both
to ensure absence of toxicity and achievement of pain
relief. It may be possible to advance the dose of opioid
very quickly in some patients and for those in very severe
pain, it is occasionally necessary to administer supple-
mentary doses on an hourly basis.

OPIOID TOXICITY

Opioid toxicity can occur in a number of situations and
can be considered in three distinct forms.

1. Narcosis: the classical form of opioid overdose
with respiratory depression, hypotension,
sedation, and small pupils. Apart from
inadvertent overprescribing, it can occur in a
number of special circumstances:

a. when changing from one opioid to another;
b. following a successful pain intervention (e.g.

nerve block);
c. following introduction of cotherapy;
d. development of renal failure with opioids

eliminated by this route (e.g. morphine).

2. Unwanted effects. These are predictable and may
improve as tolerance develops. Sometimes they
constitute an indication to stop or change the
opioid. Such symptoms include:

a. nausea and vomiting;
b. sedation;
c. sweating;
d. bronchospasm;
e. blurred vision.

3. Adverse effects, which arise unexpectedly and
which may be profoundly disabling. In many
cases, the emergence of opioid toxicity of this
type requires a major revision of the treatment
plan. These symptoms can be more distressing
than those for which the opioid was prescribed.
Adverse effects of this type are more common at
very high opioid doses, where the dose has been
increased very quickly and where the pain is
poorly opioid responsive. They are more common
in the elderly. Examples of toxic adverse effects
include:

a. cognitive dysfunction;
b. excessive sedation;
c. hallucinations;
d. myoclonus;
e. allodynia.

The management of opioid toxicity requires mature
decision making and careful negotiation with the patient
or, more usually, the family and carers. If a patient is
dying, it is sometimes difficult to be certain that sedation
or respiratory change is truly an opioid effect. Sedation,
even to the point of unconsciousness, may be considered
beneficial. A balance has to be achieved between redu-
cing the opioid dose and compromising symptom
control. The use of specific opioid antagonists is
rarely needed, but should be considered in the event of
prescribing error, narcosis after opioids are first started
in naive subjects, or when vital signs are severely
impaired.

Narcosis can usually be managed by temporary dis-
continuation of the opioid infusion and restarting it after
a few hours at a lower dose rate. Unwanted effects
require explanation and often a coprescription (e.g. an
antiemetic). In the event of a severe adverse event a
complete clinical reevaluation is mandatory. Other cau-
ses of symptoms should be sought looking specifically
for hypercalcemia, renal failure, diabetes, and infection.
Mental changes raise the possibility of cerebral metas-
tases that can be excluded on clinical grounds or by
scanning if appropriate. The treatment chart requires
careful review, particularly to look for the number of
supplementary doses of analgesic given or the use of
concomitant therapy. Ultimately, the decision is whether
to add treatments to counter the emergent problems,
change the opioid, or explore alternative pain manage-
ment techniques.
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PREVENTION AND TREATMENT OF OPIOID-
INDUCED BOWEL DYSFUNCTION

Opioids affect the gastrointestinal (GI) tract in a number
of ways. They can stimulate the chemoreceptor trigger
zone and increase vestibular sensitivity. Gastric stasis is
due to direct action on the gut wall causing increased
antral tone, reduced motility, and delayed gastric emp-
tying. Gastrointestinal side effects of opioids show an
inconsistent dose–response relationship. Nausea and
vomiting may occur at the initiation of opioid therapy
through both central and peripheral mechanisms. Patients
should be warned of this and given anticipatory anti-
emetic prescriptions, such as haloperidol 1.5mg twice a
day or metoclopramide 10mg three times a day. Con-
stipation is universal and needs prophylactic laxatives
containing a combination of stimulant and softener.
There is some evidence to suggest that the subcutaneous
route is less likely to lead to adverse gastrointestinal side
effects compared to the oral route.20, 21

OPIOID UNRESPONSIVENESS

Pain that fails to respond to opioids, at least to some
degree, is uncommon and when present is likely to
have been recognized before the decision to use a sub-
cutaneous infusion is made. Even those pain types gen-
erally regarded as opioid unresponsive (e.g. central
neuropathic pain after a stroke) are rarely completely so.
However, higher doses are needed so that adverse effects
limit the useful effects on such pains. Moreover, new
pains frequently present themselves during the later
course of an illness and regular clinical review is essential.
In the event of a pain apparently not responding to the
prescribed opioid:

� check that the patient is receiving the prescribed
dose;

� evaluate the new pain;
� consider changing the opioid or adding another

agent.

If a pain changes or a new pain emerges, a number of
factors to consider are the following.

� Allodynia or cutaneous hypersensitivity
may be induced by morphine and other
potent opioids. Consider reducing the dose,
changing the opioid or exploring other agents
for neuropathic pain. Sometimes, single bolus
infusions of lidocaine 100mg intravenously may be
effective.22, 23

� Bed-bound, semi-conscious patients may be in pain
from lying in the same position for prolonged
periods. Nursing measures, pressure-relieving
mattresses, physiotherapy, or benzodiazepines may be

helpful (the last of these for their muscle relaxant
effect).

� Consider the appropriateness of adding
another analgesic or using alternative pain
management strategies. Weigh the patient’s
general condition and possible gain
against the discomfort of other treatments, the
lack of predictable benefit, and the risk of adverse
events.

� Fear and anxiety exert powerful influences on the
cognitive perception of pain. The psycho-spiritual
needs of the patient must be taken into account in
any pain management plan.

� Severe pain can arise from fractures, pressure sores,
muscle spasms, cramps, constipation, and a
distended bladder.

OPIOID PRESCRIBING IN RENAL FAILURE

The prevalence of end-stage renal failure is estimated to
be 0.5 percent of the UK population and 20,000 are on
dialysis.24, 25 Drug handling in renal failure is dependent
on a number of factors, including renal excretion
and removal by extracorporeal techniques, such as dia-
lysis. Active metabolites of morphine (M3G, M6G) are
dependent on renal function for elimination and can
accumulate in renal failure to cause undesirable effects
and toxicity. The half-life of M6G is increased from
three to five hours in normal renal function to about 50
hours in those with late-stage renal disease. In this
situation, it is recommended that opioids that are not
renally excreted e.g. alfentanil, should be used. Table 11.2
shows suggested dose modifications for opioids in renal
failure.

For those patients on dialysis, drug elimination by the
procedure may precipitate a pain crisis. Appropriate
anticipatory prescribing is important.

OPIOID PRESCRIBING IN LIVER FAILURE

The metabolic capacity of the liver is so great that
liver disease must be extensive before effects on drug
metabolism become important.26 However, opioids that
are primarily metabolized in the liver, such as fentanyl
and alfentanil, may exacerbate central nervous system
signs and symptoms in patients with severe hepatic
dysfunction.

ADVANCED AGE

The ageing process affects all aspects of drug handling by
the body.26 In those over 65 years, there may be prolonged
metabolism, a lesser inactivation over time followed by an

Chapter 11 Subcutaneous drug infusion protocols for the control of cancer pain ] 129



increase in duration of effects, mainly impairment of
respiration. The clinical implications of this are as follows.

� Slow titration will allow for long circulation times.
� Choose a lower total dose because of increased

sensitivity.
� There is a longer duration of action due to reduced

clearance.
� Opioids with low plasma protein binding and no

pharmacologically active metabolites should be used,
e.g. fentanyl, alfentanil, methadone, and oxycodone.

� Clearance of morphine and fentanyl is decreased in
the elderly who display a greater sensitivity to
therapeutic doses than younger patients.

OTHER ANALGESICS

While opioids are the most common analgesic adminis-
tered by CSCI, other agents have been used successfully in
cancer pain management, particularly ketamine and
ketorolac. It should also be remembered that other drugs
added to a CSCI may make a significant contribution to
pain relief even where the drug itself has no intrinsic
analgesic activity. Examples include midazolam and
levomepromazine.

Ketamine

Ketamine is an antagonist of the N-methyl-D-aspartate
receptor and has received increasing interest as an agent
for neuropathic pain syndromes.27 It can be given by
subcutaneous infusion to good effect in patients with
uncontrolled pain or as a means to reduce the opioid dose
in those experiencing severe adverse effects. Adverse
events are common, particularly psychomimetic effects
with sedation, disorientation, hallucinations, and vivid
dreams. Because of the high incidence of adverse effects,
ketamine should be started at the lowest dose possible and
an initial test dose of 10mg has been recommended.
Subcutaneous infusions starting at a dose of 1mg/kg/day

would seem appropriate with subsequent upward titra-
tion according to response. Adverse effects may necessi-
tate stopping the drug, but can sometimes be managed
with midazolam or haloperidol. Special precautions are
needed in patients with heart disease, hypertension, and
glaucoma.

PROTOCOL FOR THE USE OF KETAMINE

� The patient has poorly controlled pain despite opioid
optimization and use of appropriate coanalgesia.

� Counselling and consent to treatment must be
obtained.

� Commence ketamine subcutaneous infusion at 1mg/
kg/24 hours by separate syringe driver – usually
either 50 or 100mg/24 hours.

� Continue opioid, but if the patient shows signs of
opioid toxicity either before or after starting
ketamine, reduce opioid by 20–30 percent. Make
further similar reductions if pain control is achieved.

� Give concomitant midazolam 5mg/24 hours or
haloperidol 5mg/24 hours by subcutaneous infusion.

� Monitor pain scores and increase ketamine after 24
hours if there is no improvement.

� Use increments of 50–100 percent of previous daily
dose to a maximum of 10mg/kg/24 hours (usually
o600mg/24 hours).

� Discontinue if there is no response or adverse effects
intervene.

Nonsteroidal analgesics

Nonsteroidal anti-inflammatory agents (NSAIDs) are
promoted by the World Health Organization (WHO) as
coanalgesics in the analgesic stepladder. Diclofenac,
naproxen, and ketorolac have been given by subcutaneous
infusion with benefit. Severe, painful skin reactions
prevent the use of diclofenac and naproxen.

Ketorolac has a marked morphine-sparing effect in
some patients, particularly those in whom bone pain

Table 11.2 Subcutaneous opioids in renal failure.

Half life (hours)
normal/ESRF

Dose reduction Dialysability Notes

First line Alfentanil 1–4?? None Not dialysed

Oxycodone 2–3/3–4 Yes Unknown

Hydromorphone 2.5?? Yes Unknown

Third line Morphine 1–4/unchanged Yes Yes

Diamorphine 1.7–3.5 minutes?? Yes Yes

Others Methadone 13–58 No, 50% if GFR

o10mL/minute

No For specialist palliative

care use only

ESRF, end stage renal failure; ??, half life in ESRF is unknown.
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predominates. The usual initial dose of ketorolac is
60mg/day with titration up to a maximum of 120mg/day
according to response.

NSAIDs can precipitate renal failure and cause gas-
trointestinal hemorrhage. It is particularly important to
recognize renal failure as this may lead to the develop-
ment of toxicity from other drugs eliminated by renal
excretion (see above under Opioid toxicity). If NSAIDs
are thought to be indicated, the usual precautions to
protect against gastrointestinal side effects should be
taken, particularly in the elderly. It may not be possible to
provide adequate gastroprotection for patients who are
unable to take drugs by mouth.

PROTOCOL FOR THE USE OF KETOROLAC

Ketorolac is a potent NSAID with strong analgesic
activity.28 It is contraindicated in patients with active
peptic ulceration or evidence of active gastrointestinal
bleeding. It should be used with caution in patients
with renal impairment. Special precautions are also
needed in the elderly and those taking warfarin or
corticosteroids.

Ketorolac by CSCI may be considered in patients who
have benefited from an NSAID, but are no longer able to
take them by mouth or rectally, or in those with refrac-
tory pain with incomplete response to opioids, particu-
larly if the pain is felt to be of bone origin.

In patients who benefit from ketorolac, it is often
necessary to reduce the dose of background opioid and in
some the benefit is such that opioid toxicity may emerge
soon after the drug is introduced. It is therefore recom-
mended that the dose of background opioid be reassessed
before ketorolac is started and consideration be given to
reducing this by 20 percent. The opioid dose should be
adjusted as appropriate after ketorolac has been started
with particular review after 6, 12, and 24 hours to check
for emergence of toxicity, daily thereafter.

The usual starting dose of ketorolac is 60mg by CSCI
in 24 hours. Ketorolac must be mixed with normal saline.
Other NSAIDs must be stopped.

It is sometimes preferable to give a dose of ketorolac
30mg s.c. as soon as possible to determine possible
benefit in patients who may be at risk from NSAIDs and
to assess opioid-sparing potential with clinical review at
four to six hours after administration. A 24-hour CSCI
can subsequently be started with appropriate opioid
modification.

Patients should be monitored for pain and also for the
emergence of dyspeptic symptoms or bleeding. Ketorolac
can be increased to 120mg per 24 hours in increments of
30mg.

All patients should be prescribed gastroprotection in
the form of a proton pum inhibitor (PPI) and/or miso-
prostol. In those unable to take drugs orally, alternative
routes of administration may be necessary which requires
a clinical decision based on a risk/benefit appraisal.

Use of ketorolac by CSCI and for more than a few days
is outside the manufacturer’s product licence and its use
therefore requires appropriate explanation and consent
according to local policy.

DRUG COMBINATIONS

Pain often coexists with other symptoms, such as
vomiting and agitation in cancer patients, and antiemetics
or anxiolytic or both can be combined with an opioid.

It is common practice to use two drugs in combination
from the time the infusion is first started. Some combi-
nations of three or more drugs have been used. Factors
that affect compatibility are:

� pH (most drugs given by CSCI are acidic with the
exception of dexamethasone, diclofenac, ketorolac,
and phenobarbital, which are alkaline);

� the type and concentrations of the drugs;
� the diluent;
� exposure to ultraviolet light;
� ambient temperature.

The stability and compatibility of many of these combi-
nations is not known and generally an absence of pre-
cipitation is taken to imply compatibility.

However, an infusion should contain as few drugs as
possible, preferably less than three. Some commonly
used drug combinations are given in Table 11.3. A
comprehensive and updated list can be found on internet-
based databases for compatible drug combinations
on the following websites: www.pallmed.net, www.
palliativedrugs.com.

CLINICAL GOVERNANCE

The increasing use of CSCIs for the control of cancer pain
has brought with it a need for quality assurance and risk
management. This is most usefully achieved by develop-
ing locally agreed protocols and guidelines. From these,
standards can be evolved. A comprehensive list can be
found on the website of the Scottish Palliative Care
Pharmacists’ Association.29 Setting standards enables
audit to provide important information about service
delivery and conformity of practice. Typical issues
include:

� training requirements and currency of practice for
staff;

� equipment set up;
� drug prescription;
� mixing of drugs;
� monitoring;
� reporting and managing adverse events;
� cleaning and maintaining equipment.
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Table 11.3 Commonly used two-drug combinations.7

Alfen-
tanil

Clona-
zepam

Cycli-
zine

Dexame-
thasone

Diamor-
phine

Glycopyr-
rolate

Halope-
ridol

Hydromor-
phone

Hyoscine
BBr

Hyoscine
HBr

Keta-
mine

Keto-
rolac

Metha-
done

Levome-
promazine

Metoclo-
pramide

Mida-
zolam

Morphine
sulphate

Octr-
eotide

Ondan-
setron

Alfentanil J J J J J J J J J J J J J

Clonazepam J J J

Cyclizine r r r r X � X � r X

Dexamethasone J r J X J J J J X J J J J

Diamorphine r J J J J J J J J J J J J

Glycopyrrolate J X J J J J J

Haloperidol J J r J J J J X J J J

Hydromorphone J

Hyoscine BBr J � & J J J J J J

Hyoscine HBr J J J J J J

Ketamine J J J r J J

Ketorolac J X J X J J X J

Methadone J J J J J J J

Levomepromazine J J J J J J J

Metoclopramide J � J J J J J J J J

Midazolam J J J J J J J J X J J J J

Morphine sulfate r J J J J J J J J J J J

Octreotide J X J J J J J J

Ondansetron J J J

Oxycodone J r r r J J J J J J J J J J

Blank square, no data; J, compatible; r, compatible at usual concentrations; �, occasionally incompatible. X, incompatible.



The clinical governance framework enables safe and
effective practice to be monitored, sustained, evaluated,
and reinforced. The process is an essential part of con-
temporary health care and provides a safeguard for the
patient, the practitioner, and the organization.
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KEY LEARNING POINTS

� Antiepileptic, antidepressant, and local anesthetic drugs

have analgesic effects in neuropathic pain conditions.

About half of the patients treated report a degree of

pain relief. Side effects may be burdensome and may

prevent a therapeutic dose being reached.
� There are first- and second-line drugs for neuropathic

pain, with opioid analgesics as last second-line drugs in

selected patients.
� Antiepileptics – the following have documented efficacy

in at least one randomized controlled trial (RCT), all are

associated with potentially problematic side effects:

– phenytoin;

– carbamazepine and oxcarbazepine;
– lamotrigine;
– gabapentin and pregabalin;

– valproic acid;
– topiramate.

� Antidepressants

– Tricyclics (TCA), especially amitriptyline, nortriptyline, and

desipramine are efficacious, but may have

burdensome side effects.

– Two serotonin- and noradrenalin-reuptake inhibitors

(SSNRI) – duloxetine and venlafaxine – are also

effective, and have fewer side effects than TCAs.

– The specific serotonin-reuptake inhibitors (SSRI) are

generally not effective for chronic pain.
� Topical patch or gel application of lidocaine relieves

allodynia and hyperalgesia locally.
� Intravenous lidocaine followed by oral mexiletine may

help some patients.

INTRODUCTION

Antiepileptic, antidepressant, and local anesthetic drugs
have documented antihyperalgesic and analgesic effects in
pain conditions with neuropathic components. In many
conditions, they are first-line drugs, with opioid analge-
sics as second line add-on drugs.1, 2, 3, 4, 5, 6, 7, 8, 9, 10

The efficacy of antidepressants, calcium channel a2d1
subunit ligands, and topical local anesthetics and opioids

in neuropathic pain has been demonstrated in a number
of controlled clinical trials, whereas the evidence for the
effect of the other drug classes is less solid.1 The incom-
plete and often modest response seen with these drugs is
accepted because there are no better alternatives. In the
individual patient, exploring additive analgesic effects by
combining therapy with drugs of different mechanisms of
action may be worthwhile. For this reason, although
the generic terms ‘‘anticonvulsants’’ or ‘‘antiepileptic’’ are



commonly used when referring to drugs which have
efficacy in both neuropathic pain and epilepsy, this can
divert the prescriber’s attention from the fact that this
group contains drugs of diverse mechanisms of action
which should be taken into account when making thera-
peutic decisions, most especially when considering using a
combination of therapies. However, because of the com-
mon usage of the term ‘‘antiepileptic,’’ we will use this
term, but with the above proviso.

ANTIEPILEPTICS

Carbamazepine and oxcarbazepine are effective for classic
trigeminal neuralgia. The calcium channel a2d1 subunit
ligands are now well documented for several types of
neuropathic pain. The other drugs in this class have
equivocal evidence for effect and are therefore considered
third-line drugs when first- and second-line drugs have
failed or are not tolerated. Antiepileptics used in pain
treatment comprise the following.1, 3, 8, 9, 10, 11, 12

� Nonspecific sodium channel blockers:
– phenytoin;8

– carbamazepine;8

– oxcarbazepine.3

� Specific sodium channel blockers:
– Lamotrigine;3, 9

– topiramate (also gabaergic and antiglutaminergic
effects).1, 12

� Calcium channel calcium channel a2d1 subunit
ligands:
– gabapentin;1, 3

– pregabalin.1, 10

� Gabaergic drugs:
– valproic acid.1, 10

Painful conditions in which antiepileptic drugs have been
shown to have an effect in some, but not all trials are:

� diabetic and other painful polyneuropathies
(gabapentin, pregabalin, phenytoin, carbamazepine,
lamotrigine);

� postherpetic neuralgia (gabapentin, pregabalin,
valproate);

� central poststroke pain (carbamazepine, lamotrigine);
� post-spinal cord injury neuropathic pain

(pregabalin);
� trigeminal neuralgia (carbamazepine, oxcarbazepine,

lamotrigine).

The etiology for neuropathic pain may be less important
than the phenomenology and the mechanism of pain.
There is no scientific evidence for the traditional pre-
ferential use of antiepileptics in lancinating pains and
antidepressants for steady burning-like pains. However, a
superior outcome in the former type of pain is supported

by the effectiveness of some of the antiepileptics in tri-
geminal neuralgia, a condition for which there are no
trials of antidepressants. Phenytoin is used infrequently
because it is associated with an unfavorable side-effect
profile in long-term treatment (see below under
Side effects). Lamotrigine has been adequately tested in
trigeminal neuralgia, in central pain, and painful
polyneuropathy.

Contraindications

� Phenytoin:
– AV block;
– hepatic failure;
– allergic reactions.

� Carbamazepine:
– AV block;
– treatment with monoamine oxidase inhibitors;
– hepatic failure;
– porphyria;
– allergic reactions.

� Oxcarbazepine:
– AV block;
– treatment with monoamine oxidase inhibitors.

� Lamotrigine:
– renal failure;
– allergic skin reactions.

� Gabapentin and pregabalin:
– none, but reduced doses in renal failure.

� Sodium valproate:
– hepatic failure;
– hepatic failure in relatives during treatment with

sodium valproate;
– thrombocytopenia.

� Topiramate:
– glaucoma.

Dosing and treatment schedule

Phenytoin, carbamazepine, oxcarbazepine, topiramate,
and lamotrigine are metabolized by the liver and should
be used with caution in patients with liver disease. The
active metabolite of oxcarbazepine (10-hydroxy-
carbazepine) is excreted via the kidneys. Gabapentin and
pregabalin are excreted unchanged by the kidneys.
Approximately 50 percent of an oral dose of sodium
valproate is metabolized by the liver, and both the parent
compound and the metabolites are excreted via the kid-
neys. Impaired renal function dictates that the dose of
oxcarbazepine, gabapentin, pregabalin, and sodium
valproate should be lowered. Topiramate may cause
urolithiasis and extra fluid intake is recommended.

The long-term efficacy of phenytoin may be predicted
by an intravenous infusion test: phenytoin 15mg/kg
body weight infused during 30 minutes. In severe acute
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exacerbation of trigeminal neuralgia, intravenous loading
with phenytoin may also be appropriate. Oral treatment is
started with 50mg twice daily and the dose increased
weekly by 50mg until a sufficient response or until the
maximal recommended serum level (80 mM) is reached.
Phenytoin exhibits saturation kinetics in which minor
dose increments may cause major increases in serum drug
concentrations at the higher dose levels, therefore dose
increments should be monitored carefully at levels over
100mg twice daily.

When carbamazepine is used in the treatment of tri-
geminal neuralgia, an immediate effect is often desired. In
this situation, the initial dose is 100mg three times daily,
increased by 100mg every second day until pain relief is
achieved or intolerable side effects are encountered. Later,
the dose can be reduced cautiously to the lowest effective
level.

In less acute cases of trigeminal neuralgia or other pain
states, the treatment should be initiated very slowly, i.e.
with 100mg in the evening and dose increments of
100mg every two to three days up to a dose of 200mg
three times daily. Further increases in the dose are guided
by effects, side effects, and the upper recommended drug
level (40 mM). Serum levels can be assessed every second
week. In trigeminal neuralgia, it has been suggested that
the effective drug level corresponds to the level recom-
mended in the treatment of epilepsy.

If carbamazepine causes intolerable side effects, a trial
of oxcarbazepine is worthwhile. In this situation, the
patient can be switched directly to oxcarbazepine in a
corresponding or slightly higher dose. When the treat-
ment is started from scratch, the initial dose is 150mg in
the evening and increments of 150mg daily are used until
the dose is 450mg twice daily. Further adjustments
depend on the effect and side effects, with a top dose level
defined by the upper recommended serum drug con-
centration (120 mM).

From clinical practice, it has emerged that the initial low
dosing of lamotrigine will reduce the risk of skin rashes. In
the first two weeks, 25mg is given in the morning, and
over the next two weeks the dose is 25mg twice daily. After
this phase, the dose can be increased by 50mg every second
week until an acceptable response is achieved or a maximal
total daily dose of 200–300mg twice daily. In trigeminal
neuralgia, it has been suggested that the effect can be
increased by using even higher doses in patients in whom
standard doses produce very low serum drug concentra-
tions. In general, however, therapeutic drug monitoring
with lamotrigine is not to be recommended because there
is no clear concentration–effect relationship and no
defined upper recommended serum drug level.

Gabapentin should also be started slowly to minimize
side effects. Over the first two days, 300mg is given in the
evening, then 300mg twice daily for two days, and
thereafter 300mg three times daily. If there is no effect,
the dose can be increased by 300–600mg every second
week according to effects and side effects, with an upper

dose limit of 3600mg daily. Several weeks can be required
to reach an effective dosage, which is usually between
1800 and 3600mg. Daily doses Z2700mg are often
accompanied by bothersome somnolence and dizziness.
In some elderly patients, gabapentin can cause or
exacerbate cognitive and gait impairment.

Pregabalin is quite similar to gabapentin in effects and
side effects, but onset of pain relief is more rapid and its
anxiolytic effects may be of additional benefit in some
patients. Pregabalin can be started with a daily dose of
150mg (in two or three divided doses) or 75mg at bed-
time in elderly patients and in patients prone to side
effects. Upward titration can reach 300mg per day within
one to two weeks and the maximum benefits occur often
after two weeks of treatment at target dosages of
300–600mg/day. The linear pharmacokinetics (90 percent
oral bioavailability, excreted unchanged in urine), the more
rapid onset of pain relief, and the potential for twice daily
dosing of pregabalin contribute to the relative greater ease
of use compared to gabapentin. In patients with reduced
kidney function, doses must be reduced accordingly.1

Sodium valproate can be started at 500mg/day and the
dose adjusted in steps of 500mg every week to obtain the
target serum drug concentration (700 mM) according to a
serum drug level measured about three weeks from the
start of treatment.

Topiramate is started low (25mg in the evening),
gradually increasing the daily dose by 25mg every two
weeks, until the effect is obtained at 100–200mg daily
dose. Sufficient fluid intake to reduce risk of kidney
stones must be ensured.

For all the drugs, the response is often partial and
dose-related side effects may prevent a therapeutic dose
being achieved.

Side effects

The antiepileptic drugs are frequently associated with side
effects. The older drugs (phenytoin and carbamazepine)
are more likely to do this, but the newer drugs can also
cause side effects.

� Phenytoin:
– allergic manifestations (skin);
– sedation;
– problems with memory and attention;
– nystagmus, double vision, ataxia, tremor;
– nausea, constipation;
– peripheral neuropathy (loss of deep tendon

reflexes);
– hirsutism;
– gingival hypertrophy.

� Carbamazepine:
– allergic manifestations (skin, mucosa, etc.);
– sedation;
– ataxia, dizziness, double vision;
– problems with accommodation;
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– fluid retention, low sodium levels (clinical
significance uncertain);

– cardiac conduction disturbances (rare);
– thrombocytopenia, agranulocytosis, aplastic

anemia (rare);
– confusion (elderly).

� Oxcarbazepine:
– allergic manifestations (25 percent cross-reactivity

with carbamazepine);
– sedation;
– headache;
– ataxia, dizziness;
– fluid retention, low sodium levels (clinical

significance uncertain).
� Lamotrigine:

– skin rash (see above under Dosing and treatment
schedule);

– insomnia;
– headache;
– sedation, dizziness, nausea, double vision (high

doses).
� Gabapentin and pregabalin:

– sedation;
– ataxia, dizziness;
– headache, nausea, vomiting;
– erectile dysfunction.

� Valproic acid, sodium valproate:
– increased appetite and weight gain;
– abdominal pain, nausea, and vomiting (rare, use

enteric coated tablets);
– sedation;
– hand tremor;
– alopecia (rare);
– toxic hepatitis, pancreatitis (rare, mainly children).

� Topiramate:
– nausea, skin rash;
– sedation, dizziness, confusion;
– glaucoma, urolithiasis.

Treatment with sodium valproate requires special atten-
tion because of potentially serious side effects. Before
treatment is started, blood tests should be carried out to
determine liver function and thrombocyte count. This
should be repeated after one month and thereafter every
three months during the first year of treatment. In
addition, the patients should be aware of the symptoms of
liver disease.

For many of the antiepileptics, the speed at which doses
are increased is a major determinant of the degree of side
effects and the tolerability of the drugs. It is therefore
recommended to ‘‘start low’’ and ‘‘go slowly (up).’’

ANTIDEPRESSANTS

Typical antidepressants used in pain treatment (those in
bold might be regarded first-line drugs because they are

reputed to have a more favorable side-effect profile,
although the evidence for this is not strong).

� Tricyclic antidepressants:1, 2, 3

– with balanced reuptake inhibition of
norepinephrine (noradrenaline) and serotonin:

� imipramine;
� amitriptyline; and
� clomipramine.

– with relatively selective reuptake inhibition of
norepinephrine:

� desipramine;
� nortriptyline; and
� maprotiline.

� Selective uptake inhibitors:
– selective serotonin reuptake inhibitors (less

effective or ineffective):1, 2, 3

� paroxetine;
� citalopram;
� fluoxetine; and
� sertraline.

� Serotonin and norepinephrine reuptake inhibitors:1, 2, 3

– venlafaxine;1, 4

– duloxetine.1, 5

The conditions in which these drugs have been shown to
have an effect are:

� painful diabetic neuropathy (TCAs, SSNRIs);
� painful polyneuropathy (TCAs, SSNRIs, SSRIs);
� postherpetic neuralgia (TCAs);
� nerve injury pain (TCAs, SSNRIs);
� central poststroke pain (TCAs);
� migraine prophylaxis (TCAs);
� chronic tension type headache (TCAs).

Antidepressants have not been different from placebo in
RCTs of patients with HIV neuropathy, spinal cord injury,
cisplatin neuropathy, neuropathic cancer pain, phantom
pain, and chronic lumbar root pain.1

Throughout the different neuropathic conditions, a
clinically significant, but partial response with TCAs is
seen in 40–60 percent of patients. The response with
SSRIs is equivocal. In migraine and chronic tension-type
headache, the data are equivocal.

Contraindications

The majority of problems are with TCAs:

� TCAs:
– recent myocardial infarction (less than six

months);
– cardiac conduction disturbances, e.g. AV block;
– uncontrolled congestive heart failure;
– convulsive disorders;
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– untreated glaucoma;
– treatment with monoamine oxidase inhibitors.

� Selective uptake inhibitor (SSRIs and SSNRIs):
– treatment with monoamine oxidase inhibitors.

SSRIs and SSNRIs should not be used in patients with
convulsive disorders. Caution is also recommended when
SSRIs and SSNRIs are given to patients with other con-
traindications to TCAs.

The serotonin syndrome characterized by hyperther-
mia, hyperreflexia, muscle spasms, changes in mental
state, hyper- or hypotension, tachycardia, diarrhea, tre-
mor, or problems with coordination may develop during
treatment with all of these drugs. This syndrome may be
seen with a single agent that potentiates serotonergic
neurotransmission, but the risk of developing severe sero-
tonin syndrome (which may be rapidly fatal) is higher
when different drugs that potentiate serotonergic neuro-
transmission are combined and act either by the same or
by different mechanisms. Caution should therefore be
exercised when using tramadol in combination with
antidepressant drugs.6, 7

Dosing and treatment schedule

TCAs, SSRIs, and SSNRIs undergo hepatic metabolism
before they are excreted in the urine. Hepatic metabolism
for most of these drugs depends partially on a genetic
polymorphic enzyme. This is the main cause for the
pronounced pharmacokinetic variability which is seen, in
particular with TCAs. Together with the serum con-
centration–effect relationship and the known toxicity for
TCAs, this is the reason for recommending monitoring of
serum drug concentration when TCAs are used. Mon-
itoring is not necessary for SSRIs, which are less toxic and
have no clear concentration–effect relationships.

If there are no contraindications to TCA, amitriptyline,
imipramine, or clomipramine can be started with the
lowest strength tablet, 10–25mg in the evenings of the
first week, increasing the dose weekly by 25mg in
the evening until pain relief is obtained or side effects
become bothersome. After five to six weeks, serum con-
centrations should be checked and the dose increased to
yield a maximum serum concentration of:

� amitriptyline1nortriptyline of around 300 nM;
� imipramine1desipramine of around 400 nM; and
� clomipramine1desmethylclomipramine of around

400 nM.

In patients suffering severe pain, the dose adjustment can
be performed more rapidly in order to achieve an ade-
quate effect sooner or to decide whether alternative
treatments should be tried because the drugs are inef-
fective or cause side effects. It should be noted that it is
not necessary to titrate the dose for every patient treated

with imipramine to serum levels of about 400 nM nor
every patient treated with amitriptyline to about 300 nM
because some will have a satisfactory response at lower
concentrations.

The measurement of these serum drug concentrations
is recommended, mainly to avoid toxicity. It is assumed
that drug levels around 2000 nM are toxic, i.e. only five
times higher than the therapeutic concentrations of the
TCAs.

In the individual patient, it is impossible to know
whether a poor response is due to inadequate dosing or
whether the patient is a nonresponder. Thus, the reasons
for employing therapeutic drug monitoring when TCAs
are used are:

� pronounced variability in pharmacokinetics: this is
primarily due to genetic variability;

� dosing according to effects and side effects is not
feasible: there are nonresponders, and side
effects may occur at subtherapeutic drug
levels;

� low therapeutic index: for example, for imipramine
and amitriptyline there is a factor of about 5–7
difference between therapeutic and toxic drug levels;

� efficacy can be increased: for imipramine, it appears
that the numbers needed to treat to obtain one
patient with 450 percent pain relief can be reduced
from about 2 to 1.5 when dosing is guided by serum
drug levels.

If the tricyclic antidepressants are ineffective, cause too
severe side effects, or are contraindicated, try one of the
SSNRI antidepressants with documented effects, i.e.
duloxetine or venlafaxine. Less pronounced side effects
make it possible to start with a relatively adequate dose
level, initially at 30–60mg duloxetine daily, increasing to a
maximum dose of 120mg. Venlafaxine should be started
at 37.5mg daily, increasing every two weeks to a max-
imum dose of 375mg daily. Note that venlafaxine is
mainly SSRI at lower doses, so that it is important to
reach higher level dosing before the treatment attempt is
cancelled due to lack of effect.1

The SSRIs paroxetine, citalopram, and fluoxetine have
been tried as third-line drugs with limited success. Started
at 10 or 20mg daily, increasing on a weekly basis to a
maximum dose of 60mg daily.

Side effects

Treatment with TCAs is frequently associated with side
effects and a substantial number of patients cannot tol-
erate chronic dosing with these drugs in a dose that is
adequate to achieve pain relief. The SSRIs and SSNRIs are
better tolerated, probably because they are devoid of
postsynaptic blocking effects, but these drugs are defi-
nitely not without side effects.
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� TCAs:
– dry mouth, problems with accommodation;
– constipation, urinary retention;
– sweating;
– fatigue, sedation, mental change;
– dizziness and orthostatic hypotension;
– cardiac conduction disturbances (AV block,

intraventricular blocks);
– confusion (elderly);
– risk of injuries from falling.

� Selective uptake inhibitors:
– SSRIs:

� nausea, vomiting;
� nervousness, anxiety, insomnia;
� sexual dysfunction (delayed ejaculation,
impotence).

– SSNRIs:
� headache;
� nausea, vomiting;
� sweating;
� sedation, mental change;
� hypertension.

The side effects are most pronounced soon after treat-
ment is started and as the dose increases. Patients should
therefore be encouraged to stay on the treatment for at
least a few weeks. The dry mouth which occurs with TCAs
may be slightly diminished by chewing gum or using
artificial saliva. It is wise to recommend a mild laxative,
especially for elderly patients. In particular, these patients
should be warned about orthostatic phenomena, e.g. to
be cautious when changing from a sitting or reclining
position. The sedating properties of the TCAs can be used
therapeutically by prescribing the drugs as single, evening
doses because neuropathic pain is often aggravated at this
time, causing sleep disturbance. However, patients should
be advised against operating machinery or driving a
motor vehicle until it is clear that the TCA is being
administered at a stable dose which does not impair their
ability to perform such tasks. Amitriptyline may be more
sedating than the other TCAs with balanced reuptake
inhibition as it has potent antihistaminergic and central
anticholinergic properties. However, the SSRIs should be
dosed in the morning to avoid insomnia.

LOCAL ANESTHETICS

Local anesthetics are used in the treatment of neuropathic
pain as systemic infusion or topical application on skin
areas with allodynia or hyperalgesia:13, 14

� lidocaine: dosing is by intravenous infusion, as oral
dosing is not possible because of the high first-pass
metabolism;

� mexiletine: in patients who respond with significant
pain relief after lidocaine i.v., the orally active

lidocaine analog mexiletine is effective in some, but
not all, lidocaine positive patients;10, 15, 16, 17

� topical, high concentrations of lidocaine in a patch
or in a gel.18, 19, 20

Trials have also been performed with tocainide, procaine,
and bupivacaine, but clinical utility is hampered by the
high incidence of severe side effects, fast elimination, and
equivocal effects.

The conditions in which the effect of these drugs are
documented include:13

� painful diabetic polyneuropathy;
� postherpetic neuralgia;
� nerve injury pain;
� central pain.

Studies revealed benefit in conditions secondary to central
nervous system lesions, as well as peripheral nerve injury
pain. Systemic lidocaine is able to reduce secondary
hyperalgesia and allodynia of several sensory modalities
and is capable of reducing a spinally organized nocicep-
tive reflex. Therefore, it seems most likely that systemic
local anesthetics exert their effect mainly on the central
nervous system. Systemic lidocaine has no impact on
normal sensory thresholds.

The benefit of systemic lidocaine on spontaneous
pain, pain paroxysms, dysesthesias, and allodynia may
vary between studies, but its effectiveness has been seen
on all modalities in clinical trials. Lidocaine infusion is
used to relieve severe continuous painful conditions, and
often the response is of longer duration, varying from
several hours to a few weeks. A positive response to
intravenous infusion of lidocaine may indicate that some
effect of oral mexiletine can be expected. However,
the predictive value is not strong, possibly because
the tissue concentrations of mexiletine do not reach
sufficient values.

Contraindications

� Systemic lidocaine:
– any cardiac arrhythmias, especially AV blocks;
– allergy to this drug class.

� Mexiletine:
– any cardiac arrhythmias, especially AV blocks;
– allergy to this drug class.

Dosing and treatment schedule

Lidocaine is infused intravenously as 5mg/kg body weight
over 30–45 minutes. Alternatively, a computer-controlled
infusion paradigm can be used to obtain a serum lido-
caine level of 3–4 mg/mL.14 Doses should be reduced by 50
percent in heart failure or liver disease. Increases in blood
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pressure and heart rate are expected to occur during
infusion.

1. Inform the patient about the procedure and side
effects and confirm that driving will not take
place following the procedure.

2. Establish an intravenous line with 0.9 percent
saline.

3. Measure blood pressure and start
electrocardiogram (ECG) monitoring.

4. Begin controlled infusion of preservative-free
lidocaine in 0.9 percent saline.

5. Monitor the patient throughout the infusion and
measure blood pressure every 15 minutes.

6. Continue observations as indicated for at least
one hour following completion of the infusion.

Mexiletine is metabolized in the liver mainly by the iso-
enzyme CYP2D6. Because of the genetic polymorphism
of this enzyme, variable pharmacokinetics and drug
interactions need attention.

In order to increase compliance, initiate oral mex-
iletine treatment with a dose of 50mg three times daily
for three days, then 100mg three times daily for three
days, and thereafter 150–300mg three times daily
(approximately 10mg/kg body weight). Preferably dosing
should be with meals.

Side effects

Acute side effects are common during intravenous lido-
caine infusions at therapeutic doses:

� dizziness, sedation, confusion;
� perioral paresthesias, slurred speech, blurred vision,

euphoria, lightheadedness;
� nausea.

Side effects disappear within minutes following the end of
infusion.

Oral mexiletine is often accompanied by side effects:

� dizziness, lightheadedness, nausea, vomiting;
� fatigue, nervousness, tremor, unsteady gait, blurred

vision;
� confusion, constipation or diarrhea, headache,

paresthesias, slurred speech;
� heartburn, chest pain.

The side effects of oral mexiletine are often intolerable
and it is possible that the apparent lower efficacy of this
drug is because sufficiently high doses cannot be used.

SUMMARY

Antiepileptic, antidepressant, and local anesthetic drugs
have analgesic effects in neuropathic pain conditions.

About half of the patients treated report a degree of pain
relief. Side effects may be burdensome and may prevent a
therapeutic dose being reached.

They are first- and second-line drugs for neuropathic
pain, with opioid analgesics as last second-line drugs in
selected patients.
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KEY LEARNING POINTS

� Cognitive and affective dimensions of pain present

important therapeutic opportunities.
� Enhancing patients’ ability to control pain through

self-management provides considerable pain

relief even when it does not eliminate

pain.
� Self-hypnosis is a powerful means of managing pain

perception and the affective response to it, in both

acute and chronic pain.

� Mindfulness-based stress reduction is designed to shift

attention into the present, avoiding past problems and

future concerns, and is helpful as an indirect analgesic

intervention.
� Biofeedback can be helpful in reducing muscle tension

and autonomic activity related to pain experience.
� Expectancy, including positive and negative placebo

experiences, can influence pain experience through

well-defined neural pathways.

INTRODUCTION

Pain is a psychophysiological phenomenon that can be
either exacerbated or diminished by the emotional, cog-
nitive, and social environment that surrounds it. Pain
usually occurs within the context of the subjective distress
associated with a major medical illness or physical
trauma. The ‘‘pain experience’’ represents a combination
of both tissue damage and the emotional reaction to it.
There is ample evidence to suggest that psychological
factors greatly influence the pain experience in either

positive or negative ways. In fact, the intensity of pain is
directly associated with its meaning. One critical factor
that can amplify or diminish pain is the sense of help-
lessness that surrounds it, the perceived inability to
modulate its aversive effects on consciousness. Help-
lessness is the key element underlying the intensity of
reactions to trauma.1, 2, 3 Pain is often intensified by the
helplessness that accompanies it. Conversely, many pain
patients report that they would find their pain tolerable if
they could modulate it at least partially. The desire for
control is a critical component of pain management.



Why, one might ask, would one contemplate utilizing a
technique such as hypnosis, which is often thought to
involve relinquishing control, in the treatment of a dis-
order that is better managed with enhanced control?
Hypnosis is actually a normal state of highly focused
attention, with a relative diminution in peripheral
awareness.4, 5, 6 Being hypnotized is akin to being so
caught up in a good movie, play, or novel that one loses
awareness of surroundings and enters the imagined
world, a state termed ‘‘absorption.’’7 Indeed, people who
have such states spontaneously are more likely to be
highly hypnotizable on formal testing.8 Although the
suspension of disbelief involved in such absorption may
make hypnotized people appear more suggestible, i.e.
responsive to the instructions of the person inducing
hypnosis, all hypnosis is in fact self-hypnosis, a means of
altering one’s inner state toward an intense central focus,
whether self-induced or suggested by someone else. Thus,
the very state that would appear to engender loss of
control can be utilized quite effectively to enhance con-
trol, especially over unwanted sensations such as pain,
which can be placed at the periphery of awareness,
altered, or even eliminated.

CORTICAL MODULATION OF PAIN

Pain is the ultimate psychosomatic phenomenon. It is
composed of both a somatic signal that something is
wrong with the body and a message or interpretation of
that signal involving attentional, cognitive, affective, and
social factors. The limbic system and cortex provide a
means of modulating pain signals,9, 10 by either amplify-
ing them through excessive attention or affective dys-
regulation, or by minimizing them through denial,
inattention, relaxation, or attention-control techniques.
It is well known that many athletes and soldiers sustain
serious injuries in the heat of sport or combat and are
unaware of the injury until someone points out bleeding
or swelling. On the other hand, some individuals with
comparatively minor physical damage report being totally
immobilized and demoralized by pain. A single parent
with a sarcoma complained of severe unremitting pain
that was interlaced with tearful concern about her failure
to discuss her terminal prognosis with her adolescent son.
When an appropriate meeting was arranged to plan for
his future and discuss her fate with him, the pain
resolved.11

Pain perception is influenced by one’s state of con-
sciousness. For example, chronic pain tends to be worse
during evenings and weekends when people are not dis-
tracted by routine activities. It is often reduced during
sleep, but may in fact interfere with sleep; more severe
kinds of pain can substantially reduce sleep efficiency.
Many of the more potent drugs that treat pain reduce
alertness and arousal, an often unwanted side effect or
one that can lead to abuse of analgesic medications.

ATTENTION TO PAIN

Like any other perceptual phenomenon, pain is modu-
lated by attentional processes: you have to pay attention
to pain for it to hurt. Novelty tends to enhance pain
perception (as with an acute injury), although over-
whelming and serious injury is sometimes accompanied
by a surprising absence of pain perception until hours
afterwards. This traumatic dissociation has been observed
in victims of natural disaster, combat, and motor vehicle
accidents.12

Somatic perception is modulated by the cortex, which
enhances or diminishes awareness of incoming signals.
Recent neuropsychological and brain-imaging research
has demonstrated at least three attentional centers that
modulate perception: a posterior parieto-occipital
orienting system, a focusing system localized to the
anterior cingulate gyrus, and an arousal–vigilance system
in the right frontal lobe.13, 14 These systems provide,
among other things, for selective attention to incoming
stimuli, allowing competing stimuli to be relegated to the
periphery of awareness.

When Melzack postulated the gate control theory of
pain decades ago,15 it was observed that higher cortical
input could inhibit pain signals as well. They cited Pav-
lov’s observation that repeated shocks to dogs eventually
failed to elicit pain behavior, i.e. the dogs habituated to
the painful signals, and this could only be explained as
cortical inhibition of pain response. Thus, in their model,
there is room for descending inhibition of pain, for
example via the substantia gelatinosa, as well as compe-
titive inhibition at the spinal ‘‘gate,’’9 now thought to
involve endogenous opiates. The important concept we
gain from this theory is the interaction between central
perception and modulation of noxious stimuli at the
periphery.

MEANING OF PAIN

It has been known for half a century that the meaning
structure in which pain is embedded influences the
intensity of pain. In his classic study, Beecher16 noted
with surprise that soldiers who were quite badly wounded
on the Anzio beachhead seemed to require very little
analgesic medication. He subsequently examined a mat-
ched group of civilian surgical patients at Massachusetts
General Hospital with equal or less serious surgically
induced wounds. They demanded far higher levels of
analgesic medication than did the combat soldiers. Bee-
cher concluded that this disparity was based on a differ-
ence in the meaning of the pain. To combat soldiers, the
pain was almost welcome as an indication that they were
likely to get out of combat alive, whereas to the surgical
patients it represented an interference with life and a
threat to survival. This means that patients who interpret
pain signals as an ominous sign of the worsening of their
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disease are likely to experience a greater intensity of pain.
This hypothesis has been confirmed, for example, among
cancer patients. Those who believe the pain represents a
worsening of their disease show more pain.17 Indeed, the
meaning of the pain and associated anxiety and depres-
sion accounted for more variance in pain than did the site
of metastasis.

MOOD DISORDERS AND PAIN

Anxiety and depression are often associated with a pro-
found sense of helplessness. They are noted as frequent
concomitants of pain.18, 19, 20 This early work implied that
patients with psychopathology complained more about
pain. Later work suggested that there is an interaction and
that perhaps chronic pain amplifies or produces depres-
sion.21, 22 Indeed, the presence of significant pain among
cancer patients is more strongly associated with major
depressive symptoms than is a prior life history of
depression.23

Depression is the most frequently reported psychiatric
diagnosis among chronic pain patients. Reports of
depression among chronic pain populations range from
10 to 87 percent.24 Patients with two or more pain con-
ditions have been found to be at elevated risk for major
depression, whereas those patients with only one pain
condition did not show such an elevated rate of mood
disorder in a large sample of health maintenance orga-
nization (HMO) patients. The relative severity of the
depression observed in chronic pain patients was illu-
strated by Katon and Sullivan,25 who showed that 32
percent of a sample of 37 pain patients met criteria for
major depression and 43 percent had a past episode of
major depression.

Anxiety is especially common among those with acute
pain. Like depression, it may be an appropriate response
to serious trauma through injury or illness. Pain may
serve a signal function or be part of an anxious pre-
occupation, as in the case of the woman with the sarcoma
cited above under Cortical modulation of pain. Similarly,
anxiety and pain may reinforce one another, producing a
snowball effect of escalating and mutually reinforcing
central and peripheral symptoms.

HYPNOSIS

Central psychological approaches to pain control can be
highly effective analgesics and are underutilized.26 It has
been known since the middle of the 1800s that hypnosis is
effective in controlling even severe surgical pain.27 Hyp-
nosis and similar techniques work through two primary
mechanisms: muscle relaxation and a combination of
perceptual alteration and cognitive distraction. Pain is not
infrequently accompanied by reactive muscle tension.
Patients frequently splint the part of their body that hurts.

Yet, because muscle tension can by itself cause pain in
normal tissue and because traction on a painful part of
the body can produce more pain, techniques that induce
greater physical relaxation can reduce pain in the per-
iphery. Therefore, having patients enter a state of hyp-
nosis so that they can concentrate on an image that
connotes physical relaxation, such as floating or lightness,
often produces physical relaxation and reduces pain.

The second major component of hypnotic analgesia is
perceptual alteration. Patients can be taught to imagine
that the affected body part is numb. Temperature meta-
phors are often especially useful, which is not surprising
given the fact that pain and temperature sensations are
part of the same sensory system – the lateral spinotha-
lamic tract. Thus, imagining that an affected body part is
cooler or warmer using an image of dipping it in ice water
or heating it in the sun can often help patients transform
pain signals. This is especially useful for extremely hyp-
notizable individuals who can, for example, relive an
experience of dental anesthesia and reproduce the drug-
induced sensations of numbness in their cheek, which
they can then transfer to the painful part of their body.
They can also simply ‘‘switch off ’’ perception of the pain
with surprising effectiveness.28, 29 Some patients prefer to
imagine that the pain is a substance with dimensions that
can be moved or can flow out of the body as if it were a
viscous liquid. Others like to imagine that they can step
outside their body to, for example, visit another room in
the house. Less hypnotizable individuals often do better
with distraction techniques that help them focus on
competing sensations in another part of the body.

The effectiveness of the specific technique employed
depends upon the degree of hypnotic ability of the sub-
ject.30 For example, while most patients can be taught to
develop a comfortable floating sensation on the affected
body part, highly hypnotizable individuals may simply
imagine a shot of Novocain (procain hydrochloride) in
the affected area, producing a sense of tingling numbness
similar to that experienced in dental work. Other patients
may prefer to move the pain to another part of their body,
or to dissociate the affected part from the rest of the body.
As an extreme form of hypnotically induced, controlled
dissociation, some highly hypnotizable patients may
imagine themselves floating above their own body,
creating distance between themselves and the painful
sensation or experience. To some more moderately hyp-
notizable patients, it may be easier to focus on a change in
temperature, either warmth or coolness. Low hypnotiz-
able subjects often do better with simple distraction,
focusing on sensations in another part of their body, such
as the delicate sensations in their fingertips.

The images or metaphors used for pain control employ
certain general principles. The first is that the hypnotically
controlled image may serve to ‘‘filter the hurt out of the
pain.’’ They also learn to transform the pain experience.
They acknowledge that the pain exists, but there is a
distinction between the signal itself and the discomfort
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the signal causes. The hypnotic experience, which they
create and control, helps them transform the signal into
one that is less uncomfortable. So patients expand their
perceptual options by having them change from an
experience in which either the pain is there or it is not to
an experience in which they see a third option, in which
the pain is there but transformed by the presence of such
competing sensations as tingling, numbness, warmth, or
coolness. Finally, patients are taught not to fight the pain.
Fighting pain only enhances it by focusing attention on
the pain, enhancing related anxiety and depression, and
increasing physical tension that can literally put traction
on painful parts of the body and increase the pain signals
generated peripherally (Box 13.1).

For patients undergoing painful procedures, such as
bone marrow aspirations, the main focus is on the hyp-
notic imagery per se rather than relaxation. This works
especially well with children since they are so highly
hypnotizable and easily absorbed in images.31, 32 Patients
may be guided through the experience while the proce-
dure is performed, or a given scenario can be suggested
and later the patient can undergo the experience hypno-
tically while the procedure is under way. This enables
them to restructure their experience of what is going on
and dissociate themselves psychologically from pain and
fear intrinsic to their immediate situation. A large-scale
randomized trial compared hypnosis with nonspecific
emotional support and routine care during invasive
radiological procedures. All patients had access to patient-
controlled intravenous analgesic medication consisting of
midazolam and fentanyl. The hypnosis condition pro-
vided significantly greater analgesia and relief of anxiety,
despite patient use of one-half the medication. Further-
more, with hypnosis there were fewer procedural com-
plications such as hemodynamic instability, the
procedures took on average 18 minutes less time, and the
overall cost was reduced by $348 per procedure.33 A
standardized 15-minute script before surgery for breast

cancer resulted in substantial reduction in pain, medica-
tion use, procedure time, and cost.34, 35 Modern virtual
reality techniques have also been shown to enhance
hypnotic analgesia.36 Thus hypnosis is increasingly used
in the medical setting in conjunction with pharmacolo-
gical and other pain interventions.

SELF-HYPNOSIS

Hypnotic techniques can easily be taught to patients for
self-administration.5, 6 Pain patients can be taught to
enter a state of self-hypnosis in a matter of seconds with
some simple induction strategies, such as looking up
while slowly closing their eyes, taking a deep breath and
then letting the breath out, their eyes relax, and imagining
that their body is floating and that one hand is so light it
can float up in the air like a balloon. They are then
instructed in the pain control exercise, such as coolness or
warmth, tingling, or numbness, and taught to bring
themselves out by reversing the induction procedure,
again looking up, letting the eyes open, and letting the
raised hand float back down. Patients can use this exercise
every one to two hours initially and any time they
experience an attack of pain.37, 38 They can evaluate their
effectiveness in conducting the pain control exercise by
rating on a scale from 0 to 10 the intensity of their pain
before and after the self-hypnosis session. As with any
pain treatment technique, hypnosis is more effective when
employed early in the pain cycle, before the pain has
become so overwhelming that it impairs concentration.
Patients should be encouraged to use this technique early
and often because it is simple and effective39 and has no
side effects.40

Although not all patients are sufficiently hypnotizable
to benefit from these techniques, two out of three adults
are at least somewhat hypnotizable,4 and it has been
estimated that hypnotic capacity is correlated at a 0.5 level
with effectiveness in medical pain reduction.41 Further-
more, clinically effective hypnotic analgesia is not con-
fined to those with high hypnotizability,26 and many
subjects who experience little analgesia still find hypnotic
techniques helpful for other reasons, such as relaxation.42

HYPNOSIS WITH CHILDREN

Hypnosis is especially effective in comforting children who
are in pain (see Chapter 40, Mind/body skills for children
in pain). Several good studies have shown greater efficacy
than placebo attention control.31, 32, 43 Hypnotic techni-
ques, including going over favorite stories, are quite
effective in removing the child from the immediacy of both
pain and anxiety.43 Hypnosis seems to have advantages
over distraction, especially among young children under-
going medical procedures.43 This is likely because children
as a group are more hypnotizable than adults.44 Their

Box 13.1 Components of pain treatment
utilizing self-hypnosis

� Explain hypnosis.
� Measure hypnotizability.
� Induce relaxation by concentrating on

‘‘floating.’’
� Hypnotic analgesia:

– concentrate on a competing sensation;
– warmth, coolness, tingling, lightness, or
heaviness;

– filter the hurt out of the pain.
� Anxiety control: screen technique.
� Exit from self-hypnotic state.
� Instructions in practicing self-hypnosis.
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imaginative capacities are so intense that separate relaxa-
tion exercises are not necessary. Children naturally relax
when they mobilize their imagination during the sensory
alteration component of hypnotic analgesia. Self-manage-
ment utilizing hypnosis and related imagination exercises
is becoming a first-line treatment for such problems as
headaches among children.45 In a randomized trial invol-
ving the use of hypnosis or routine distraction techniques
for children undergoing voiding cystourethrograms, hyp-
nosis proved more effective in reducing pain and distress,
facilitating catheterization, and it shortened the procedure
time by an average of 17 minutes.46

MECHANISMS OF HYPNOTIC ANALGESIA

Recent research indicates cortical effects of hypnotic
analgesia exercises, including reduced early receptor
potential (ERP) amplitude in response to somatosensory
stimuli47 and increased frontal and parietal blood flow.48

A positron emission tomography (PET) study indicated
reduced activation of the anterior cingulate gyrus during
hypnotic analgesia when the hypnotic instruction was that
the pain would bother subjects less.49 However, different
wording during hypnosis involving a suggestion of
reduced pain perception resulted in analgesia mediated by
reduced activity in somatosensory cortex.50 Thus, hyp-
notic alteration of nociception seems to involve cortical
modulation of pain perception. A recent PET study of
hypnotic alteration of color vision provides further evi-
dence of changes in primary association cortex func-
tion.51 When highly hypnotizable subjects were instructed
to perceive a gray-tone grid as filled with color, there was
a significant increase in blood flow in the lingual gyrus,
the primary brain site for color processing. Conversely,
when a colored image was ‘‘drained’’ of color hypnoti-
cally, blood flow in that region decreased. Thus, with
hypnosis, ‘‘believing is seeing,’’ and hypnotic changes in
sensation are accompanied by changes in brain function
that indicate an actual change in perception, not merely
an altered response to perception.

A number of studies have tested the idea that endo-
genous opiates are involved in hypnotic analgesia.
However, with one partial exception,52 studies with both
volunteers53 and patients in chronic pain54 have shown
that hypnotic analgesia is not blocked and reversed by a
substantial dose of naloxone given in a double-blind,
crossover fashion. Therefore, the cortical attention
deployment mechanism is currently the most plausible
explanation for hypnotic reduction of pain.

OTHER FORMS OF SELF-REGULATION FOR
PAIN

Nearly every self-regulation technique that is used in the
treatment of pain and related anxiety and depressive

symptoms, including hypnosis, combines various forms
of physical relaxation with cognitive restructuring. The
principle of combining imagery with physical relaxation is
associated with such techniques as systematic desensiti-
zation and progressive muscle relaxation. During these
treatments, patients are instructed to maintain a physical
sense of relaxation, while restructuring pain-related fears.
A stimulus hierarchy is then developed from least to most
stressful. Patients are taught to develop their own sce-
narios and to augment or reduce the intensity of the
stimulus within seconds, as the therapist helps them to
construct and evaluate analgesic imagery. These techni-
ques are designed to disrupt the conditioned association
between pain, anxiety about disease, and somatic tension
which amplifies pain and focuses more attention on it.
With all such approaches, patient practice of the techni-
ques learned is crucial to sustained effectiveness,
and should encourage patients to enhance their sense of
control over symptoms.55

Mindfulness-based stress reduction

One successful but somewhat different approach to self-
regulation for pain has been mindfulness-based stress
reduction. Based upon Eastern Buddhist meditative tra-
ditions, the approach involves exercises aimed at altering
the management of consciousness and the experience of
perception in general, rather than influencing pain in
particular.56, 57, 58, 59 In this practice, subjects are taught to
spend approximately 30 minutes twice a day in a quiet
state of meditation, focusing on present experience,
inducing physical relaxation, and seeing anxieties as a
focus on future possibilities that take away from enjoy-
ment of the moment. The three main components of this
practice are: focused attention, open presence, and com-
passion. Normal subjects show an increase in pain toler-
ance after being taught mindfulness techniques.55 Such
techniques have proven quite effective with chronic
pain,60, 61 for example among older adults with back
pain,62 and have been shown to speed healing time for
patients with psoriasis.63

Biofeedback

A National Institutes of Health (NIH) Technology
Assessment Panel reported that techniques such as hyp-
nosis and biofeedback are effective in reducing chronic
pain.64 Although hypnosis focuses on internally generated
images, biofeedback utilizes external feedback from
monitors that assess heart rate, skin conductance, skin
temperature, blood pressure, muscle tension, and other
physiological measures. These measures are related to the
functioning of the autonomic and peripheral nervous
systems, and biofeedback training in modulation of per-
ception can facilitate anxiety and pain reduction.65, 66
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Often, pain can be attenuated by altering peripheral skin
temperature in the affected area. Similarly, skill in redu-
cing muscle tension via muscle tension biofeedback may
reduce secondary intensification of pain. Thermal bio-
feedback is effective in reducing the sensory component
of phantom limb pain67 and muscle tension biofeedback
is useful for whiplash injuries.68 Such training is also
useful for headaches, especially among children and
adolescents.69 Thus, training in reducing physiological
responses to pain, such as muscle tension, sweating, and
vasoconstriction, can help to interrupt the feedback
cycle of somatic distress and affective preoccupation that
frequently intensifies pain.

MANAGING EXPECTANCY

Expectancy has well-established effects on pain, both
through placebo and nocebo (worsening) of pain.
Mechanisms of such effects include classical condition-
ing70, 71 which is neurologically explainable in part
through coactiviation of the anterior cingulate gyrus,
which engages in focal attention and conflict detection,72,
73 and the periaqueductal gray, which process pain.74

Negative expectancy leading to increase in pain, the
nocebo effect, may be mediated by secretion of chole-
cystokinin.75, 76 It is particularly important to separate the
expectation of efficacy of psychological techniques from
speculation about the etiology of the pain. Many patients
(and doctors) assume that, if a psychological or placebo
intervention reduces pain, the pain itself is ‘‘supra-
tentorial.’’ Nothing could be further from the truth.
People can, as noted above, diminish or even ignore
major injury and other forms of physical pain. The tissue
injury is real, but they learn to alter their perception of it.
To imply to a patient that such success means that the
pain is not ‘‘real’’ undermines motivation and can be
perceived by patients as insulting. Rather, it is best to
utilize a ‘‘rehabilitation’’ model, teaching patients that
they are learning to overcome a serious pain problem
rather than proving that it was not so bad in the first
place. In this way, patients can receive immediate emo-
tional gratification from improvement, rather than feel
ashamed of their ability to reduce pain.

CONCLUSION

The old dichotomy between peripheral and central pain is
being replaced by a more complex and comprehensive
analysis that evaluates central and peripheral components
of pain and designs interventions that take advantage of
therapeutic opportunities at all levels of pain perception
processing. This point of view is important because it
underscores the fact that successful psychosocial inter-
vention for reducing pain may occur via understandable
neurological mechanisms and does not prove that the

pain is largely functional. In the same way, successful
pharmacological intervention does not prove that the
pain is completely peripheral in origin. Most pain syn-
dromes are a combination of physical and neu-
ropsychiatric distress and dysfunction and require a
combination of biological and psychosocial intervention
to be optimally effective. In particular, effective strategies,
such as hypnosis, that provide a means for self-regulation
of pain reduce the helplessness associated with pain, as
well as inducing physical relaxation and literally altering
pain perception, not just response to pain input. The
strain in pain lies mainly in the brain.
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KEY LEARNING POINTS

� Biofeedback is a self-regulation approach that is used in

two basic ways in pain management.
� One approach uses feedback of muscle tension,

peripheral temperature, and/or skin conductance to help

facilitate overall relaxation and reduce general arousal.
� The other approach uses a comprehensive

psychophysiological assessment (that includes multiple

stimulus conditions and multiple response measures) to

identify specific modalities to train.
� Biofeedback is rarely used in isolation; rather it is more

typically combined with other cognitive and behavioral

procedures to optimize effectiveness.
� Efficacy and meta-analytic reviews document its

effectiveness for varied pain conditions.

INTRODUCTION

Pain is a complex, multiply determined behavior that
typically requires a multifaceted, multidimensional, and
multidisciplinary approach. Biofeedback is often a com-
ponent of treatment and, although this chapter focuses on
biofeedback as an isolated technique, it is rarely if ever
applied in isolation. It is often combined with various
cognitive and behavioral approaches (see Chapter 13,
Self-regulation skills training for adults, including relaxa-
tion and Chapter 15, Contextual cognitive-behavioral
therapy). More typically, it is one of many options that
patients and therapists consider.

Biofeedback has been defined as:1

ya process in which a person learns to reliably
influence physiological responses of two kinds: either
responses which are not ordinarily under voluntary

control or responses which ordinarily are easily
regulated but for which regulation has broken down
due to trauma or disease.

The process of biofeedback involves three operations. In
the first step, a biological response is detected and
amplified by using certain measurement devices (or
transducers) and electronic amplifiers. The bioelectrical
potentials detected at this stage are in a form that is
difficult to utilize in biofeedback. For example, raw or
unprocessed muscle tension potentials resemble the static
that one usually sees between channels of a radio, and
few individuals would be capable of detecting even gross
changes in electrical activity when displayed in this
manner. The second step involves converting the bio-
electrical signals to a form that can be easily understood
and easily processed by the patient. Averaging the elec-
trical signal over a specified time period and filtering out



unwanted aspects of the signals are examples of ways in
which this is accomplished. The third step involves the
relatively immediate feedback of a meaningful signal to
the patient. This feedback is most often presented in
auditory and visual modalities and in either binary
(signal on/signal off at a specified threshold value;
commonly used when shaping is a goal) or continuous
proportional fashion (as muscle tension decreases, the
tone or click rate decreases); on occasion, combinations
of both are used. With all responses, care must be taken
to ensure that areas of sensor placement are adequately
prepped and that the measuring devices are placed on
the proper locations. These factors are especially crucial
in electromyography (EMG) and electroencephalography
(EEG) because of the weak electrical signals that are
detected. Here, electrode sites may need to be cleaned
thoroughly with acetone or alcohol and lightly abraded
(although advances in instrumentation are making this
less necessary). With some recordings, a conductive
gel or electrolyte is placed between the electrodes and the
subject’s skin to facilitate conductance and reduce
measurement artifact (some sensors come pregelled).
More detailed discussion of physiology, electrical theory,
and bases of the primary responses utilized in biofeed-
back may be found in Peek2 and various chapters
within Andreassi,3 Cacioppo et al.,4 and Stern et al.5

Various theories have been used to account for bio-
feedback, ranging from operant learning to cognitive and
expectancy models.6

APPROACHES TO BIOFEEDBACK

Three different rationales or approaches have been offered
for the use of biofeedback in pain management;7, 8 here,
for simplicity, they will be termed general, specific, and
indirect.

General approach

The general approach employs biofeedback as an aid to
general or overall relaxation training. Two assumptions
underlie this use. Assumption 1 is that a reduction in
general arousal leads to a concurrent reduction in central
processing of peripheral sensory inputs. Assumption 2
derives from the observed relationship between anxiety
and pain – anxiety is associated with decreased pain tol-
erance and increased reports of pain. Therefore,
achievement of a more relaxed state should lead to con-
comitant reductions in anxiety, which in turn enhance
pain tolerance and decrease pain reports. Researchers
using realtime functional magnetic resonace imaging
(fMRI) have shown that distraction, a component of self-
regulation, activates brain structures (primarily the peri-
aqueductal gray) associated with pain regulation.9, 10

Activation of these brain structures has been implicated in

the anticipation of pain11 and the anxiety associated with
pain.12 The anticipation of pain and the activation of
these brain structures prior to an expected painful sti-
mulus may account for the enhanced sensitivity to pain
shown by patients with chronic pain10 (see Andrasik and
Rime13 for a more extended discussion). Thus, one can
make the case that nearly all pain patients could benefit
from relaxation and tension reduction. Thus, this
approach is probably the most common. It also requires
the least technical proficiency.

Specific approach

The specific biofeedback approach attempts to target and
modify the physiological dysfunction or response system
assumed to underlie the pain condition. This approach
has its origins in the pain–spasm–pain cycle first descri-
bed by Bonica.14 In implementing this approach, thera-
pists assess psychophysiological responding, under varied
stimulus conditions, in the modalities assumed to be
relevant to the condition being treated. In the text to
follow, comments will be restricted to peripheral mea-
sures, as these have garnered the greatest attention by
researchers and clinicians. Furthermore, most of the
examples presented here relate to muscle tension, as this
is the response modality found most useful when working
with pain patients. Readers seeking information about the
much less studied central measures of pain are referred
to Flor.8

Flor8 has pointed out the functions, utility, and
advantages of psychophysiological data collection when
using the specific approach to the treatment of chronic
pain. Use of this approach helps to:

� provide evidence for the role of psychological factors
in maladaptive physiological functioning;

� satisfy, thus, a necessary prerequisite or justification
for the use of biofeedback therapy;

� facilitate tailoring of treatments to patients;
� allow therapists and researchers to document efficacy,

generalization, and transfer of treatment;
� identify potential predictors of treatment response;
� serve as a source of motivation (e.g. patients come to

realize they are able to influence bodily processes by
their own thoughts, emotions, and actions; their
feelings of helplessness decrease; they concurrently
become more open to psychological approaches in
general, etc.).

Key components of the psychophysiological assessment
(or ‘‘psychophysiological stress profile’’ as some have
labelled this approach) are summarized in Table 14.1 and
are discussed more fully in Flor8 and Arena and
Schwartz,15 among others. A brief outline of the various
stages involved in carrying out a psychophysiological
assessment follows.
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ADAPTATION

The adaptation component is included for three main
reasons:

1. to allow patients to become familiar with the
setting and recording procedure;

2. to minimize presession effects (rushing to the
appointment, temperature and humidity
differences between office and outdoors);

3. to permit habituation of the orienting response
and allow the response to stabilize.

Although the need for a prebaseline period is widely
acknowledged, scant research has been conducted to help
identify key parameters of adaptation. Most, but not all,
individuals will adapt within 5–20 minutes (some indi-
viduals, though, are not fully adapted even after a stan-
dard 50/60-minute session). Practitioners are encouraged
to extend this period until some stability is achieved for
the key responses of interest (variability is minimized, the
trend line levels off). Patients are instructed merely to sit
quietly during this period.

BASELINE

Once adapted, the clinician will need to collect some type
of baseline data. The baseline data serve as the basis of
comparison for subsequent assessment phases and as the
basis for gauging progress within and across future
treatment sessions. Again, there are no definitive data to
document the optimal approach (Should eyes be open or
closed? Should the patient be fully reclined or sitting
upright? Should conditions be neutral or designed to
promote relaxation?) or the desired duration of baseline
data collection. In clinical practice, the baseline period

typically ranges from one to five minutes, sufficient to
obtain an adequate sample.

When the goal of biofeedback is generalized relaxation,
it is useful to collect a second baseline to assess preexisting
abilities to regulate physiology. To accomplish this, the
patient is instructed as follows: ‘‘I would now like to see
what happens when you try to relax as deeply as you can.
Use whatever means you believe will be helpful. Please let
me know when you are as relaxed as possible.’’ Often, it is
found that the techniques currently being employed by a
patient are not achieving the desired effect, which can be
therapeutic in its own right.

It was once believed that elevated resting levels of
muscle tension might be a unique characteristic of
patients experiencing chronic pain. A review of 60 psy-
chophysiological investigations conducted with headache,
back, and temporomandibular pain and dysfunction
(TMD) patients found minimal support for this notion.16

Research on this topic, however, is compounded by
questions about measurement reliability and stability.8, 15

REACTIVITY

The third component investigates psychophysiology in
response to simulated stressors that are personally rele-
vant or to conditions that approximate real-world events
that are associated with pain onset or exacerbation. Again,
there is no standard, empirically validated approach.
Some examples of commonly used stimulus conditions
are:

� negative imagery, wherein a patient concentrates on a
personally relevant unpleasant situation (the details
of which have been obtained during the intake
interview);

Table 14.1 Components to a psychophysiological assessment for chronic pain.

Component Brief description

Adaptation/habituation Time to adjust to clinic/laboratory setting and to allow responses to stabilize

Baseline

At rest Serves as basis of comparison for subsequent data collection

Preexisting abilities Assess current abilities to relax

Stress reactivity/real world Simulate situations that occur in everyday life

Reactivity

Somatic Body position and posture; dynamic movement, such as standing, sitting, bending, lifting, walking, etc.;

work task, such as typing on a keyboard

Psychological Stressful imagery, such as a negative encounter with a colleague or family member

Stress recovery Time required to return to the baseline level

Muscle scanning Brief sequential recordings from multiple bilateral sites under varied conditions

Muscle discrimination Estimation of muscle tension levels
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� cold exposure (e.g. Raynaud’s disease) or cold pressor
test (as a general physical stressor);

� movement, such as sitting, rising, bending, stooping,
or walking;

� load bearing, such as lifting or carrying an object;
� operation of a keyboard, given the ubiquitous nature

of computer usage.

Although baseline differences for EMG have not been
found to reliably characterize pain disorders, symptom-
specific responses to stimuli have been found for certain
pain conditions on a more consistent basis (for a review,
see Flor8).

RECOVERY

Another component involves assessing recovery or return
to baseline, as one of the distinguishing features of a pain
or stress response is the inability to recover in a timely
manner. If multiple stressful stimuli are presented to a
patient, then a poststress recovery period is recommended
after each stimulus presentation. This phase continues
until the patient’s physiology returns to a value close to
that observed prior to stimulus presentation (often,
responses do not fully return to their starting values).

The above components constitute the basic approach
to psychophysiological assessment. The two remaining
components, listed in Table 14.1, are less common in
practice, but may be useful as well. We will return to the
two remaining components in Muscle scanning and
Muscle discrimination below.

Figure 14.1 provides a sample psychophysiological
profile. EMG activity was recorded bilaterally from three
sites (masseter, frontal, and trapezius muscles) during
baseline, imagined neutral, stress, and pain situations, as
well as during extended mental stress (difficult mathe-
matical problems) and movement. Skin conductance and
heart rate were monitored as well. The following infor-
mation was obtained from this evaluation.

� EMG resting values were markedly elevated and
asymmetrical;

� EMG values increased in response to imagery and
this was particularly so for the imagined pain
episodes;

� EMG values were markedly exacerbated by
movement;

� Skin conductance and heart rate were found to be
unresponsive.

Treatment would then be focused on reducing tension in
relevant muscles and altering responding during pre-
sentations of simulated aversive situations, such as the
therapist displaying verbal aggression to the patient.

MUSCLE SCANNING

Cram17 developed an approach that permits a therapist
to assess EMG activity quickly from a greater number of
sites than we have disussed thus far and in a manner that
does not require a large number of recording channels
(only two are needed). This approach is made possible
by the use of two hand-held ‘‘post’’ electrodes, which
are used to obtain brief (around two seconds per
site) sequential bilateral recordings while the patient is
sitting and standing. Before his death, Cram was devel-
oping a normative database designed to help the thera-
pist determine whether any readings are abnormally
high or low and whether any asymmetries (right side
versus left side differences) existed, as these were thought
to be suggestive of bracing or favoring of a position or
posture. The goal of biofeedback, in this application, is
to return aberrant readings to a more normal state.
Although this type of approach seems straightforward at
first, in effect it is more complex. A number of factors
can influence the readings obtained, including the
angle and force by which the sensors are applied, the
amount of adipose tissue present (fat acts as an insulator
and dampens the signal), and the degree to which
the sensors are placed in a similar location to that used
for the norming sample (plus other variables that
affect EMG in general). Sella18 employs a similar
approach.
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Figure 14.1 Phases of the examination, with

only select measures being displayed. ML,

masseter left; MR, masseter right; TL, trapezius

left; TR, trapezius right. Data from Flor.8
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MUSCLE DISCRIMINATION

Some have speculated that an inability to perceive bodily
states accurately may be one of the factors serving to
maintain chronic pain. Flor and colleagues found that
patients with chronic pain were unable to perceive muscle
tension levels accurately in both the affected and non-
affected muscles and that, when exposed to tasks requir-
ing production of muscle tension, these patients
overestimated physical symptoms, rated the task as more
aversive, and reported greater pain.19, 20 These findings
point to a heightened sensitivity.

Flor8 has outlined a procedure that can be easily used to
assess muscle discrimination abilities in a clinical setting.

� Present the patient with a bar of varying height that
is displayed on a monitor.

� Instruct the patient to tense the targeted muscle to
the level reflected in the height of the bar.

� Vary the bar height from low to high.
� Correlate the EMG readings obtained with the actual

heights of the bars.
� Define as ‘‘good’’ discrimination abilities correlation

coefficients Z0.80.
� Define as ‘‘bad’’ or poor discrimination abilities

correlation coefficients r0.50.

SUMMARY

Finally, Flor8 has offered a number of recommendations
for conducting psychophysiological assessment with pain
patients. These are reproduced in Box 14.1.

Indirect approach

What is termed here as the ‘‘indirect’’ approach for
employing biofeedback with pain patients is used more
for clinical than for empirical reasons.7 This model views
biofeedback as a means of facilitating psychosomatic
therapy. Take the case of the pain patient who steadfastly
holds to a purely somatic view and refuses to accept
the notion that other factors (emotional, behavioral,
environmental) may be precipitating, perpetuating, or
exacerbating pain and somatic symptoms. With such
patients, a referral for biofeedback is likely to be less
threatening (it is construed as a physical treatment for a
physical problem) and to at least open the door for help.
As physiological insight is acquired, such patients may
begin to comprehend the broader picture, i.e. the inter-
play of physical and psychological factors. In fact, it is not
all that uncommon for a pain patient who denies psy-
chological factors upon entry to therapy to make a
request such as the following after just a few sessions of
biofeedback: ‘‘Doc, how about turning off the biofeed-
back equipment today. I want to talk about a few things.’’
From this point on, session time is divided between

biofeedback and psychotherapy. Nothing further will be
said about this aspect. We continue with more extended
discussion of the general and specific approaches.

BIOFEEDBACK AS A GENERAL AID TO
RELAXATION

Any response modality indicative of heightened arousal
theoretically can serve as a target for promoting relaxa-
tion. In practice, three have served most commonly as
targets for overall relaxation – muscle tension, skin con-
ductance (perhaps better known as sweat gland activity),
and peripheral temperature. These modalities, termed the
workhorses of the biofeedback general practitioner,21 are
easily collected, quantified, and interpreted and are dis-
cussed below under Electromyographic-assisted relaxa-
tion, Skin conductance-assisted relaxation, and Skin
temperature-assisted relaxation. Other responses can be
of value as well, including heart rate, respiration, and
blood volume, but these will not be addressed further (for
a discussion, see Flor8).

Electromyographic-assisted relaxation

The rationale for employing muscle tension (and skin
conductance) feedback to facilitate relaxation is

Box 14.1 Recommendations for
psychophysiological assessment

� Use multiaxial classification of patients to
identify specific somatic and psychosocial
characteristics of the patients.

� If possible, use normative data from controls.
� Control for pain status (i.e. test in a pain-free

and a painful state, if possible).
� Control for medication (i.e. make sure patient

has not taken analgesic or psychotropic
medication for several days, if possible).

� Use sites both proximal and distal to the
painful site.

� Make sure that the measures selected are
relevant for the specific type of pain being
studied (e.g. temperature recordings for
Raynaud syndrome, rather than EMG levels).

� Use ecologically valid methods of stress
induction (i.e. use self-selected stressors; test
stressfulness by assessing subjective stress
rating, heart rate, or skin conductance levels).

� Use sufficiently long adaptation phases and
baselines.

� Use a syndrome-specific and a general
autonomic measure.
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straightforward. The basis of the EMG signal is the small
electrochemical changes that occur when a muscle con-
tracts. By placing a series of electrodes along the muscle
fibers, the muscle action potentials associated with the ion
exchange across the membrane of the muscles can be
detected and processed. (When single motor units are the
focus of treatment, as in the case of muscle rehabilitation,
fine wire electrodes that penetrate the skin surface are
used.) EMG monitoring from surface sites is accom-
plished by the use of two active electrodes, separated by
one ground electrode, to set up two separate circuits to
detect electrical activity that leaks up to the skin surface.
With this arrangement, the resultant signal is the differ-
ence between the two circuits (with the amount sub-
tracted out considered to be noise). When EMG is used
for generalized relaxation, sensors are typically placed on
the forehead region (one active sensor about 2.5 cm above
the pupil of each eye, with the ground or reference sensor
placed above the bridge of the nose). This placement,
which employs large-diameter sensors, is sensitive to
muscle tension from adjacent areas, possibly down to the
upper rib cage.22 Originally, it was believed that reduc-
tions in forehead muscle tension would automatically
generalize to most other untrained muscles (hence, pro-
moting a state of cultivated low arousal). This does not
automatically occur,23 so clinicians may need to train
patients from several sites in the course of general
relaxation treatment (or combine biofeedback with other
approaches).

Surface EMG has a power spectrum ranging from
about 20 to 10,000Hz. Some of the commercially avail-
able biofeedback machines sample a very limited amount
of this range. For example, some machines filter out EMG
occurring below 100Hz. This misses much of the EMG
power spectrum and results in lower readings overall.
Clinicians need to be aware of the bandpass of their
equipment and to realize that readings obtained from one
machine may not be comparable with those obtained on
another machine where different settings may be
employed. Some of the other factors affecting measure-
ment quantity include sensor type and size, sensor
placement on the muscle, and distance between sensors.

Skin conductance-assisted relaxation

Electrical activity of the skin, or sweating, has long been
thought to be associated with arousal. In fact, in the late
1800s, Romain Virouroux included measures of skin
resistance to facilitate understanding when working with
cases of hysterical anesthesias.2, 24 Electrodermal activity
became popular and was thought of as a way to read the
mind when used by Carl Jung in the early 1900s in word-
association experiments. Two separate portions of the
central nervous system are believed to be responsible for
control of the electrodermal activity.25 Sensors are typi-
cally placed on body surface areas that are most densely

populated with ‘‘eccrine’’ sweat glands (such as the palm
of the hand or the fingers), as these respond primarily to
psychological stimulation and are innervated by the
sympathetic branch of the autonomic nervous system.5

Conductance measures (the reciprocal of resistance;
measured in micromhos or microsiemens), as opposed to
resistance measures, are preferred in clinical application
because the former measures have a linear relationship to
the number of sweat glands that are activated. This per-
mits a straightforward explanation to patients (as arousal
increases, so does skin conductance; focusing on
decreasing skin conductance helps to lower arousal and to
achieve an overall state of relaxation).

Skin temperature-assisted relaxation

It is less obvious why skin temperature has been targeted
for general relaxation. This is because the first clinical
application resulted from a serendipitous finding by
clinical researchers at the Menninger Clinic (Topeka, KS,
USA). During a standard laboratory evaluation, it was
noticed that spontaneous termination of a migraine was
accompanied by flushing in the hands and a rapid sizeable
rise in surface hand temperature.26 This led Sargent
et al.26 to pilot test as a treatment a procedure wherein
migraineurs were given feedback to raise their hand
temperatures as a way to regulate stress and headache
activity. Treatment was augmented by components of
autogenic training, leading to a procedure they termed
‘‘autogenic feedback.’’ Noting that constriction of per-
ipheral blood flow is under the control of the sympathetic
branch of the nervous system, these researchers reasoned
that decreases in sympathetic outflow led to increased
vasodilation, blood flow, and a resultant rise in peripheral
temperature (owing to the warmth of the blood). Thus,
temperature feedback may be viewed as yet another way
to facilitate general relaxation. With migraine headache,
other approaches, assumed to be tied more directly to the
underlying physiology, have also been attempted. These
include blood flow in various arteries and EEG. These
approaches are either quite specialized and/or have not
been the focus of extensive research, so they will not be
discussed further.

SELECT TREATMENT CONSIDERATIONS

Individuals seeking biofeedback treatment are often
confused about the nature of their disorder, anxious and
depressed, discouraged, and uncertain about their chances
for improvement. Brief instructions about factors
underlying their condition, pointing out those variables
which potentially may be controlled by the patient, are
often helpful in counteracting the patient’s initial feelings
of helplessness and in mobilizing his/her interest in
treatment. This is followed by a description of
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biofeedback, what will be required during treatment
(frequency and number of sessions, home practice, etc.),
and any ancillary treatment that may be used. The
explanation of biofeedback is best understood when
accompanied by a live demonstration, which points out
the steps involved in measurement and provision of
feedback. Education remains an integral part of treat-
ment, as patients continue to discover more about causes
and new found ways to behave.

When used for purposes of facilitating general relaxa-
tion, initial sessions are typically held in a quiet room,
lights may be dimmed, and the patient semireclined in a
comfortable chair that supports the entire body. Most
clinicians adopt a ‘‘coaching’’ model, noting that a
‘‘coach’’ is someone who has special skills that the patient
does not yet have, but who can impart these skills by
properly timed guidance. With experience, the therapist
learns when the patient needs uninterrupted time to
practice biofeedback and when support and assistance
would be valuable. In fact, the only investigation of
coaching during biofeedback found that learning was
actually impeded when the therapist was overly active and
intrusive.27

Some examples of coaching activities are provided
below.

� Sharing observations for discussion. ‘‘I noticed that a
couple of minutes into the session, your EMG signal
shot up. It seemed you might have been clenching
your teeth then. How about dropping your lower jaw
and moving it just a bit forward? I wonder if anything
particular might have been on your mind then?’’

� Determining when breaks and encouragement might
be needed. Early attempts to lower EMG or skin
conductance or to raise hand temperature are often
met with the opposite effect, and this situation is
paradoxically worsened as patients try harder and
harder. These occurrences can be of great therapeutic
value as they help to demonstrate the relationship
between thoughts and physiological functioning.
Explaining how and why this is happening helps to
counteract frustration and to get the patient back on
track.

� Helping patients to articulate and consolidate
learning.

� Augmenting biofeedback with instruction in
complementary relaxation approaches, as
appropriate.

Biofeedback involves learning a skill and this requires
regular practice and eventually incorporating the learned
skills into day-to-day activities. Some patients become
successful simply by concentrating on the feedback sti-
mulus and becoming aware of corresponding sensations.
Others engage in various mental games or attempt to
empty their minds completely and think of nothing.28 In
the early sessions, patients are encouraged to experiment

with various techniques, but to remain with a given
technique long enough to give it an ample trial period.

A typical treatment session involves the following
components.

� Sensor attachment and time for adaptation.
� Initial progress review: discussion and review of data

collection, attempts at applying skills, problems
encountered, etc., while sensors are being attached
and the patient is adapting.

� Resting baseline: to assess extent of change over time,
as discussed previously.

� ‘‘Self-control’’ baseline: defined as the patient’s ability
to regulate the target response in the desired
direction once training has begun, but in the absence
of feedback;1 this provides an index of the ability to
perform the biofeedback skills outside the treatment
setting and when instrumented feedback is not
available.

� Actual feedback for 20–40 minutes that is continuous
or interrupted by breaks.

� Final resting or self-control baseline: to assess extent
of learning within the session.

� Final progress review, homework assignment, etc.

The feedback can be interspersed with stress trials or
simulated work conditions to help the patient to increase
his or her stress-coping skills and transfer trials where the
biofeedback signal is turned off and the patient works on
reaching machine-independent self-regulation.

Each session should end with a review of the strategies
that were explored during the session and an appraisal of
the effectiveness of each. Once the patient has shown some
abilities to regulate target physiological levels in the clinic,
practice outside the office is encouraged. Initially, this
practice is performed in a setting maximally conducive to
achieving a relaxed state or concentrating on the task at
hand. Subsequently, patients are instructed to practice
during everyday, but low stress, activities (when driving,
shopping, standing in line, during a coffee break, etc.). The
final goal is to employ learned biofeedback skills to coun-
teract the build up of stress and physiological arousal. Skills
have to be highly developed to be successful at this step.

Thus, the goals of biofeedback are for the patient to be
able to discriminate when the target response is in need of
control, effect the necessary change in the absence of
feedback, apply the learned skills in the real world, and
continue use of these skills over the long term. Therapists
need, then, to be concerned with generalization and
maintenance of learned skills. Lynn and Freedman29 have
identified a number of procedures for helping to make
biofeedback training effects more durable. Among those
which may be most easily implemented by the clinician
are:

� overlearning the target response;
� incorporating booster treatments;
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� fading or gradually removing feedback during
treatment (which we have previously described as
transfer trials);

� training under stimulating or stressful conditions
(during noise and distractions, while engaged in a
physical or mental task, etc.);

� employing multiple therapists (possible in group
practices);

� varying the physical setting;
� providing patients with portable biofeedback for use

in real-life situations;
� augmenting biofeedback with other physiological

interventions and with cognitive and behavioral
procedures.

A number of procedures can be used to augment bio-
feedback treatments for pain, especially when biofeedback
is used for general relaxation.

Imagery

The first and simplest adjunctive procedure involves
imagining a pleasant or relaxing scene, such as lying on a
blanket at the beach while listening to the waves roll in
and out or walking through a pleasant meadow on a
warm, sunny day. It is best that patients avoid images that
involve sexual content or vigorous physical activity (as
these activities can increase rather than decrease arousal)
and include as many sensory modalities (touch, sound,
smell) and details as possible.28, 30 It is recommended that
patients practice employing several different relaxing
images, so that they can switch to another image if the
selected one is not working at a given time. With practice,
images can be recalled quickly and vividly and can be
used effectively to provide mental escape when situations
become seemingly overwhelming.

Diaphragmatic breathing

A second procedure involves relaxed or diaphragmatic
breathing. Most patients find this to be particularly useful
because breathing can be readily brought under voluntary
control, and it is an activity that is vital to survival. The
notion of relaxed breathing is deceptively simple, so most
patients need detailed instructions for correct use.
Improper application can lead to blood gas imbalance
and hyper- or hypoventilation. Also, patients whose initial
respiration rate is high (more than 30 breaths per minute)
may feel quite strange as their breathing rate approaches
the relaxed range. Such patients are instructed to pay no
particular attention to this and are informed that these
peculiar feelings will pass with time. Gevirtz and
Schwartz31 provide an excellent discussion of the topic,
which briefly reviews the physiology of breathing and
provides instructions on how to teach patients to breathe
slowly (to a target range of five to eight breaths per

minute), deeply (to full lung capacity), and evenly (to
facilitate similar rates for exhaling and for inhaling), while
concentrating on the associated physiological sensations.
Having the patient subvocalize a word associated with
relaxation on each exhalation can help cue subsequent
relaxation.

There are various ways to promote the desired
breathing pattern. Patients can practice breathing:

� while holding their arms straight overhead (which
minimizes chest movement);

� while lying on a firm surface, placing a medium-
weight book on the abdomen and raising and
lowering the book with each respiration cycle;

� while placing one hand on the chest and the other
just below the rib cage, breathing in a manner that
limits movement of the hand on the chest and
maximizes movement of the hand on the abdomen.

Gevirtz and Schwartz31 discuss other approaches for
promoting more relaxed breathing, including paced
respiration, breath meditation, breath mindfulness,
rebreathing, pursed-lip breathing, and instrument-based
approaches. This very portable procedure is easily com-
bined with other relaxation techniques.

Autogenic training

A third form of relaxation borrows from the well-devel-
oped body of literature on autogenic training – a medi-
tation-type relaxation. Autogenic training has an
extensive history and involves having patients passively
concentrate on key words and phrases selected for their
ability to promote desired somatic responses.30, 32 When
added to thermal biofeedback, clinicians typically utilize
two of the total six components. Patients are instructed to
focus on feelings/sensations of warmth and heaviness in
the extremities, as this is believed to facilitate increased
blood flow to the extremities, which accounts for per-
ipheral warming and a reduction in sympathetic nervous
arousal. It is recommended that patients develop their
own phrasing and subvocalize these phrases numerous
times (between 50 and 100) during practice in order to
maximize effects.28

Progressive muscle relaxation training

The fourth and final technique, progressive muscle
relaxation training, has the most extensive empirical basis
(see below under Evidence base), but it is also the most
complex. In this approach, patients engage in a systematic
series of muscle-tensing and -releasing exercises, designed
first to help the patient discriminate various levels of
muscle tension, which makes it easier for the patient then
to achieve an overall or generalized state of relaxation.
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Andrasik21 describes a typical relaxation training
regimen, which is outlined in Table 14.2.

The following points are stressed when introducing
this form of relaxation training.

� Relaxation training consists of systematic tensing and
relaxing of major muscle groups.

� Tensing muscles, even for a brief period, and then
releasing them results in the muscles reflexively
achieving a subsequent lower level of tension.

� Experiencing a broad range of muscle tension levels
enables patients to better discriminate when muscle
tension is building, a goal that is consistent with
Flor’s work on muscle discrimination difficulties
mentioned above under Muscle discrimination.

� Once discrimination abilities are improved and skills
for rapidly relaxing muscles are acquired, the
technique can be used to counteract tension build up
as it occurs throughout the day (termed ‘‘applied
relaxation’’).

� Achieving a deep state of relaxation is a learned skill
that requires regular practice.

� The procedure will first focus on all major muscle
groups, but groups will subsequently be combined
over time in order to permit rapid deployment.

The procedure the authors commonly employ begins by
having the patient sequentially tense and relax 14 separate
muscle groupings in the 18 steps indicated in Box 14.2.
Before formal instruction, the patient is asked to complete
a few practice tension–release cycles to ensure that the
tension generated is proper (neither incomplete nor
overly zealous) and is confined to the target group.
Muscles that are very painful or that have been strained
are omitted so as not to cause further problems. Target
muscle groups are tensed for five to seven seconds and
then relaxed for 20–30 seconds, which constitutes a
complete cycle. The patient is instructed to attend to the

sensations associated with tension and relaxation during
each cycle. If a patient prefers a different muscle sequence,
it is acceptable to modify the sequence. However, once
modified, it is important that the patient adheres to the
same order. Patients may be periodically instructed to
mentally scan select muscle groups that have been tar-
geted previously in order to identify any residual tension.
If detected, another tension–release cycle may be com-
pleted. Various procedures, all involving therapist sug-
gestions, may also be used to promote a deepened sense of
relaxation (such as having the therapist count out loud
backwards from five to one and instructing the patient
that a deeper level of relaxation will be experienced with
each successive count). Relaxed breathing and imagery are
added early on, in the manner described above under
Select treatment considerations. Once the patient has
made adequate progress at tensing and relaxing the 14
major muscle groups, the therapist begins to combine
various muscle groups in order to abbreviate the proce-
dure – first to eight total muscle groupings and then to
four groupings (see Table 14.3).

Muscle discrimination training can be added to facil-
itate abilities to detect even trace amounts of tension
increases. To demonstrate this aspect, a patient is asked to
engage in a complete tension–release cycle involving the
hand and lower arm, then to tense these muscles by only
half as much. This is followed by a tension cycle involving
only one-quarter as much force. Once the concept of
differential tension is understood, the patient is instructed
to apply differential muscle tensing to the muscles most
associated with pain. This may be done while EMG
activity is recorded and displayed on a monitor (see above
under Muscle discrimination). Final techniques concern
relaxation by recall and cue-controlled relaxation. To
implement relaxation by recall, the patient is instructed
first to recall the sensations associated with relaxation and
then to attempt to reproduce these sensations without the
aid of tension and release cycles. Actual tension–release

Table 14.2 Outline of a progressive muscle relaxation training program.

Week Session Introduction and
treatment
rationale

No. of
muscle
groups

Deepening
exercises

Breathing
exercises

Relaxing
imagery

Muscle
discrimination
training

Relaxation
by recall

Cue-
controlled
relaxation

1 1 X 14 X X

2 14 X X X

2 3 14 X X X X

4 14 X X X X

3 5 8 X X X X

6 8 X X X X X

4 7 4 X X X X X

5 8 4 X X X X X X

6 9 4 X X X X X X

7 None

8 10 4 X X X X X X
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cycles are used only as needed to promote the desired
somatic state. Practice outside the office is necessary to
maximize the effects and patients are typically instructed
to practice techniques taught them once or twice per day.
Audiotapes and DVDs, prepared commercially or by the
therapist during an actual session with the patient, can
facilitate home practice.

The reader is referred to Andrasik,33 Arena and Blan-
chard,28 Lichstein,34 Smith,35 and select chapters from
Lehrer et al.36 for further information about relaxation in
general.

FINAL TREATMENT CONSIDERATIONS

There are no firm criteria for deciding when to terminate
biofeedback. When biofeedback is used as a general
relaxation technique, patients are typically provided with

a set number of treatments, typically ranging from 8 to
12. In practice, the number of sessions is determined
according to clinical response, as gauged by the degree of
symptom relief and/or adequacy of control of the target
physiological response. Skilled therapists come to sense
when treatment has reached the point of diminishing
returns or marginal utility (i.e. response reaches a plateau
and further effort does not alter the situation). Some have
argued for using a specific physiological training criterion
as a deciding factor, e.g. ability to reduce and keep EMG
levels below a certain value for a specified time, ability to
raise hand temperature above a certain value within a
specified time period, etc. This intuitive notion has great
clinical appeal, but we are not yet at a point where it is
possible to advocate for a specific approach.

Few difficulties have been reported when using bio-
feedback as a general relaxation procedure. A small portion
of clients may experience what has been termed ‘‘relaxa-
tion-induced anxiety,’’ noted to be a sudden increase in
anxiety during deep relaxation that can range from mild to
moderate intensity and that can approach the level of a
minor panic attack.37 It is important for the therapist to
remain calm, reassure the patient that the episode will pass,
and, when possible, have the patient sit up for a few
minutes or even walk about the office when this happens.
With patients who are believed to be at risk for relaxation-
induced anxiety, it may be helpful to instruct them to focus
more on the somatic aspects as opposed to the cognitive
aspects of training28 (see Schwartz et al.38 for a discussion
of other problems and solutions).

SPECIFIC BIOFEEDBACK APPROACHES

Much of the research conducted to date has focused on
the value of biofeedback as a general approach to decrease
stress, tension, and pain. With certain pain conditions,
more specific approaches are emerging as either alter-
native or preferred treatments for patients with certain
characteristics. A few brief examples are given for
purposes of illustration.

Box 14.2 Fourteen initial muscle groups
and procedures for tensing in 18 steps

1. Right hand and lower arm (have client make
fist, simultaneously tense lower arm)

2. Left hand and lower arm
3. Both hands and lower arms
4. Right upper arm (have client bring his/her

hand to the shoulder and tense biceps)
5. Left upper arm
6. Both upper arms
7. Right lower leg and foot (have client point his/

her toe while tensing the calf muscles)
8. Left lower leg and foot
9. Both lower legs and feet

10. Both thighs (have client press his/her knees
and thighs tightly together)

11. Abdomen (have client draw abdominal muscles
in tightly, as if bracing to receive a punch)

12. Chest (have client take a deep breath and hold
it)

13. Shoulders and lower neck (have client ‘‘hunch’’
his/her shoulders or draw his/her shoulders up
towards the ears)

14. Back of the neck (have the client press head
backwards against headrest or chair)

15. Lips/mouth (have client press lips together
tightly, but not so tight as to clench teeth; or
have client place the tip of the tongue on the
roof of the mouth behind upper front teeth)

16. Eyes (have client close the eyes tightly)
17. Lower forehead (have client frown and draw

the eyebrows together)
18. Upper forehead (have client wrinkle the

forehead area or raise the eyebrows)

Table 14.3 Abbreviated muscle groups.

Eight-muscle groups Four-muscle groups

1. Both hands and lower arms 1. Arms

2. Both legs and thighs 2. Chest

3. Abdomen 3. Neck

4. Chest 4. Face (with a particular

focus on the eyes and

forehead)

5. Shoulders

6. Back of neck

7. Eyes

8. Forehead
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The studies used to support claims for efficacy of
EMG biofeedback for recurrent headache have monitored
muscle activity almost exclusively from the forehead area,
despite patients reporting other sites as being central to
their pain (such as occipital, temporal, neck, and
shoulders). Support exists for feedback from the upper
trapezius muscles39 and for an interesting and creative
novel approach termed the ‘‘frontal–posterior neck
placement.’’

Nevins and Schwartz40 noted over 20 years ago that
the occipitalis area is a site of headache activity for
certain tension-type patients. The difficulty for clinicians
has been finding an easy way to monitor EMG activity
from this site (without shaving portions of the head).
Nevins and Schwartz found that by placing one active
electrode on the frontal area and the remaining active
electrode on the posterior neck on the same side, the
summated electrical activity between these sites closely
approximated that which occurred in the occipital area.
Hudzynski and Lawrence41 subjected this notion to a
controlled experiment, involving subjects with tension-
type headache and those who were headache-free, that
compared two different static sensor placements: the
typical bifrontal forehead placement and a placement
involving the bilateral frontal-posterior neck location.
Bilateral EMG readings were also taken from the temple,
masseter, sternocleidomastoid, and cervical areas utiliz-
ing muscle scanning.17 Frontal-posterior neck readings
best discriminated headache and nonheadache patients,
and these readings could further distinguish headache
from headache-free periods in headache patients. Hud-
zynski and Lawrence42 subsequently published normative
data to help clinicians gauge when EMG elevations,
obtained when clients are both sitting and standing
and when both narrow and wide filter settings are
used, may be of clinical consequence. This approach has
received limited attention, although it merits further
investigation.

For TMD, in addition to frontal sites, biofeedback is
provided from masseter and temporalis muscles.43, 44, 45

Work undertaken by Sherman46 has helped to identify
the most appropriate biofeedback treatment for patients
experiencing phantom limb pain. Pain described as
burning, throbbing, and tingling was associated with
decreased temperature in the stump, whereas pain
described as cramping was preceded by and associated
with EMG changes. Targeting biofeedback accordingly
leads to the greatest outcome.

Arena (cited within Arena and Blanchard28) describes
a simplified, more straightforward approach to an indi-
vidualized biofeedback treatment for chronic low back
pain. Treatment begins with EMG biofeedback-assisted
relaxation, initially from the frontal or forehead area,
which is then followed by feedback of the trapezius
muscles, all performed with the patient sitting in a
comfortable chair or recliner. Once the basic strategies are
acquired, positions are changed in order to facilitate

generalization of training effects. The patient practices in
a comfortable office chair (with arms supported), then
moves to an office chair without arm support, and then to
a standing position. This phase of training continues for
12–16 sessions.

If improvement is insufficient and the patient has not
had a prior course of general relaxation training, then
this may be pursued. If this is unwarranted or has been
unsuccessful, then an abbreviated psychophysiological
assessment is conducted to analyze the problem further.
EMG sensors are placed bilaterally on the paraspinals
(L4–L5) and the biceps femoris (back of the thigh).
Recordings are made in at least two positions: sitting
with back supported in a recliner and standing with arms
by the side. These sites were selected because they pro-
vided greater information than other sites (such as
quadriceps femoris or gastrocnemius) in previous
examinations. References for these, and other EMG pla-
cement sites, may be found in Basmajian and DeLuca47

and Lippold.48

The resulting data reveal one of three patterns of
abnormality: (1) unusually low muscle tension levels
(which Arena states most typically occurs with nerve
damage and muscle atrophy); (2) unusually high muscle
tension levels (which Arena states is the most common
finding); and (3) left-right asymmetry, wherein one side
has normal muscle activity and the other side is either
abnormally high or low. Treatment centers on returning
EMG values to normal levels. Arena notes that much can
be learned by examining gait and posture and correcting
faulty positions as well. Sella18, 49 has also commented on
these postural aspects.

The approach that Arena describes is appealing because
of its simplicity. The difficulty is in determining normal
versus abnormal values. Experience with a considerable
number of patients is necessary for this, as Arena and
colleagues do not have a developed comparison data bank,
such as that prepared by Cram17 and Sella.18

Finally, some researchers have turned their attention to
the psychophysiological model of Travell and Simons,50

who postulated that a large percentage of chronic muscle
pain results from trigger points. Hubbard51 has expanded
upon their view using the following line of reasoning.

� Muscle tension and pain are sympathetically
mediated hyperactivity of the muscle stretch
receptors, or the muscle spindles.

� Muscle spindles, which are scattered throughout the
muscle belly (hundreds within the trapezius muscle),
are encapsulated organs that contain their own
muscle fibers.

� Although traditionally viewed as a stretch sensor, the
muscle spindle is now recognized to be a pain and
pressure sensor and an organ that can be activated
by sympathetic stimulation.

� Thus, the pain associated with trigger points arises in
the spindle capsule.
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Support for this model comes from studies where careful
needle electrode placements have detected high levels of
EMG activity in the trigger point itself, but data collected
from adjacent nontender sites just 1 cm away are relatively
silent.52 Furthermore, when exposed to a stressful stimulus,
EMG activity increases at the trigger point, but not at the
adjacent site.53 This work provides further evidence of the
link between behavioral and emotional factors and
mechanisms of muscle pain. As a result of their basic
research, Gevirtz et al.54 have developed a comprehensive
treatment program that uses EMG biofeedback to facilitate
muscle tension awareness in sessions and in daily life
activities, to identify stressors triggering increased EMG
activity, and to assist patients in finding improved ways to
cope with tension-producing situations.

EVIDENCE BASE

Multiple meta-analyses have been conducted for bio-
feedback, other active treatments (behavioral and phar-
macological), and various control conditions for
recurrent headache (see Andrasik55 for a recent review).
Early meta-analyses excluded very few of the available
studies; poorly designed studies were included along
with expertly designed studies if sample sizes met a
minimum criterion. More recent analyses have been
much more selective about studies included for analysis.
For example, the Agency for Health Care Policy and
Research (AHCPR) meta-analysis56 located 355 beha-
vioral and physical treatment (acupuncture, transcuta-
neous electrical nerve stimulation, occlusal adjustment,
cervical manipulation, and hyperbaric oxygen) articles.
However, only 70 of the studies were controlled trials of
behavioral treatments for migraine and only 39 of these
trials met criteria for inclusion in the analysis. In a
recent study on the efficacy of biofeedback in migraine
headache57 the average effect size was 0.58 with clear
positive effects on frequency of migraine attacks and
perceived self-efficacy. Blood volume pulse feedback
yielded higher effects than peripheral temperature or
EMG feedback. Effects were stable over time and treat-
ment with home training proved more efficacious than
pure clinic treatment.

In addition to meta-analytic approaches, various
groups have assembled panels to conduct evidence-based
reviews, wherein rigorous methodological criteria are
used to evaluate every study under consideration. Evi-
dence-based analyses have been performed by the Divi-
sion 12 Task Force of the American Psychological
Association58 and the US Headache Consortium (com-
posed of the American Academy of Family Physicians,
American Academy of Neurology, American Headache
Society, American College of Emergency Physicians,
American College of Physicians–American Society of
Internal Medicine, American Osteopathic Association,
and National Headache Foundation).59

Consideration of the findings from the above evalua-
tive sources leads to the following conclusions.

� Biofeedback (and other relaxation or psychologically
based approaches) leads to significant
reductions in headache activity, ranging from 30 to
60 percent.

� Conversely, there is a sizeable number of patients
who are nonresponders or partial responders
(approximately 40–70 percent). Prediction of
treatment response and careful treatment planning
become particularly important when attempting to
improve upon this outcome.

� Improvements exceed those obtained for various
control conditions.

� Nonpharmacological treatments produce benefits
similar to those obtained for pharmacological
treatments.

� Combining treatments can increment effectiveness,
especially so for nonpharmacological combined with
pharmacological. However, the net gain of adding a
second treatment modality beyond a single treatment
is sometimes relatively small, again stressing the
importance of finding the right therapy fit for an
individual patient.

� Most studies of biofeedback and related approaches
have included subjects that continued their
consumption of any number of pharmacological
agents while undergoing nonpharmacological
interventions. Only a very few studies have
systematically isolated pure treatments.

The US Headache Consortium59 concluded that beha-
vioral treatments, such as biofeedback, may be particu-
larly well suited for patients having one or more of the
following characteristics.

� Patient prefers such an approach.
� Pharmacological treatment cannot be tolerated or is

medically contraindicated.
� Response to pharmacological treatment is absent or

minimal.
� Patient is pregnant, has plans to become pregnant, or

is nursing.
� Patient has a long-standing history of frequent or

excessive use of analgesic or acute medications that
can aggravate headache.

� Patient is faced with significant stressors or has
deficient stress-coping skills.

A meta-analysis has recently been completed for bio-
feedback-based treatments for TMD. This analysis60

revealed a mean improvement rate of 68.6 percent for
active treatment compared with 34.7 percent for various
control conditions. Effect size scores for pain measures
were 1.04 and 0.47 and for examination results were 1.33
and 0.26 for biofeedback and controls, respectively.
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Effects noted at the end of treatment were either main-
tained or improved during follow-up evaluations, some of
which extended over two years.

In the research literature, biofeedback treatments for
chronic pain other than headache and TMD are varied in
their approach and fewer in number; limited direct
replications have been attempted. Reviews by various
panels61, 62 and a meta-analysis63 provide support for
biofeedback as an effective treatment for chronic pain.
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KEY LEARNING POINTS

� Many responses for reducing chronic pain can actually

result in reduced patient functioning.
� Psychological approaches to chronic pain have evolved

over the past 40 years, beginning with a focus on overt

behavior and the environment, adding a relative

emphasis on thoughts and beliefs, and, most recently,

integrating more fully the behavioral and cognitive

emphases of these earlier phases.
� In a contextual cognitive-behavioral approach,

psychological events are considered in terms of their

relations of influence on emotions and behavior,

influence that is considered situationally dependent and

determined by the patient’s history.

� Core functional contextual processes of suffering and

disability include experiential avoidance, cognitive

fusion, values failures, and loss of contact with present

moment. In turn, core therapeutic processes include

acceptance, cognitive defusion, values clarification and

values-based action, and mindfulness.
� A preliminary, randomized, pilot trial, a waiting phase

controlled trial, and clinical significance analyses

demonstrate that patients achieve significant benefits

following contextual cognitive behavioral treatments for

chronic pain and that these treatments operate, at least

in part, according to the proposed treatment processes.

INTRODUCTION

The trouble with chronic pain is that it is chronic.
Although the experience of chronic pain can be modifiable,
this is in most cases incomplete, and can bring its own
costs. It is perhaps a cruel irony that many ways to attempt
to reduce pain do not improve daily living but restrict it.
Effects of extended rest, avoidance, retirement, the endless
search for new treatments, and side effects from medica-
tions can highlight this problem. The inevitable tradeoffs

between the rigid pursuit of pain relief and the flexible
pursuit of a full life are the focus of recent treatment
developments, perhaps more explicitly than they have been
in the past. The question asked in these treatments is not
‘‘how can we reduce pain?’’ but ‘‘how can we improve
participation in life by whatever means, whether pain is
reduced in the process or not?’’

It might be noticed that there has been a natural and
healthy evolution within the cognitive and behavioral
therapies for chronic pain. It is worth reviewing this



process as it may point to where we will go next. Forty
years ago a significant advance was made by those who
called for a focus on patient behavior and social cir-
cumstances as a means for reducing the suffering and
disability of those with chronic pain. This was called the
operant behavioral approach.1 In turn, roughly 25 years
ago, this focus was expanded to include patients’ beliefs,
interpretations, attention, other cognitive processes,
and pain-coping strategies. This was called the cognitive-
behavioral approach or cognitive-behavioral therapy
(CBT).2 As our understanding of psychological and
behavioral processes improves, and as the wider field of
clinical psychology evolves, an opportunity exists for
further developments of our model and methods of
chronic pain management. The chapter focuses on one
possible direction for these developments.

WHAT IS CONTEXTUAL COGNITIVE-
BEHAVIORAL THERAPY?

Contextual cognitive behavioral therapy (CCBT) is an
expansion of CBT for chronic pain.3 It includes a broad,
deep, and theoretically integrated conceptual model and
adds a number of distinctive therapeutic methods to
those that are currently available within CBT. Its theore-
tical foundation is what is called ‘‘functional con-
textualism.’’4 While to fully describe this philosophy is
beyond the scope of this chapter, what it yields in the
form of CCBT can be defined briefly as a pragmatic,
nonmechanistic, behaviorally focused, and cognitive
approach to chronic pain. CCBT integrates the emphasis
on the environment and overt behavior from the operant
behavioral approach with the emphasis on the pain suf-
ferer’s cognitive and emotional experiences from CBT.
The ‘‘environment’’ within CCBT, however is defined
historically and psychologically, or functionally, and is
referred to as ‘‘context.’’ Cognitive and emotional
experiences are considered in a unique way as well, not
based on whether they look maladaptive, but in their

relations with overt action, or the influence they exert.
Thus, behavior is considered to be contextually deter-
mined via relations with events in the environment, both
inside and outside the body, relations that are determined
by the individual’s history, their experiences, or learning.
Furthermore, notions of cause and effect are not con-
sidered true or false in an ultimate sense but are merely
tools for achieving practical results and are, therefore,
pragmatically true to the extent they achieve desired
results.

Within the CCBT framework, people suffer largely from
normal processes of thinking and language, and from the
ways these engender psychological inflexibility.3, 4 In the
work from our group, the focus has been on processes of
suffering including experiential avoidance, cognitive
fusion, values-failures, and loss of contact with present
moment, or their allied therapeutic processes: acceptance,
cognitive defusion, values clarification and values-based
action, and mindfulness. This model of suffering and
disability in chronic pain is depicted in Figure 15.1. The
figure shows that processes of psychological inflexibility
(i.e. experiential avoidance, cognitive fusion, etc.) both
arise from and contribute back into the processes by which
pain leads to suffering and disability. It also shows that
these processes are not wholly independent, but sub-
stantially overlap in the qualities they add to behavior
patterns. The purpose of this chapter is to review the
framework underlying CCBT and summarize data sup-
porting its applicability to chronic pain management.

ACCEPTANCE OF CHRONIC PAIN

We have provided a number of converging definitions of
acceptance of chronic pain in the past.5, 6 In essence it is a
quality of behavior that is realistic, flexible, practical, and
free from unnecessary restrictions from pain. It is the free
engagement in activity with pain present and a relative
absence of attempts to control or avoid pain.6 We have
most frequently measured acceptance of pain with the
Chronic Pain Acceptance Questionnaire.6, 7

Experiential
avoidance

Values
failure

Loss of contact with
present reality 

Disability
and

suffering

Pain
Cognitive
fusion  

Figure 15.1 A contexual cognitive-behavioral

model of chronic pain and disability.
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Currently there are approximately 21 published studies
of acceptance of pain including experiments,8, 9, 10 clinical
studies,5, 6, 11, 12, 13 and treatment outcome studies.14, 15, 16

Overall, in the clinical studies, acceptance of chronic pain
has been shown to predict patient physical, social, and
emotional functioning, work status, and medication use,
both in retrospective and prospective analyses, and to do
so independent of pain and relevant patient background
variables. We have demonstrated that, as a predictor of
key aspects of patient functioning, a measure of accep-
tance of chronic pain is significantly better than a stan-
dard measure of coping with pain11, 17 or a measure of
attention and vigilance to pain.18

Acceptance can be a difficult process to grasp con-
ceptually. It can sound like a belief or way of thinking. To
the patient it can sound like giving up or resignation.
Ironically, it can even sound like positive thinking.19

Technically, in our applications, it is not intended to
mean any of these things. By its definition it is a process
outside of the content thinking and believing. It is not a
mental act but a quality of whatever action is taken in
relation to pain. It is the quality of not struggling with it,
of allowing space in experience for it, and being willing to
have it present, whether one thinks or believes one can or
not. It is not a global act of giving up but selective actions
of ‘‘giving up’’ responding to pain as if it is a barrier to
functioning or needs to change. With acceptance, contact
with pain occasions awareness, watching, or flexible
responding; not avoiding, bracing, wrestling, or restricted
responding. Positive thinking or optimistic beliefs may
achieve an ostensibly similar behavior pattern, but this is
functionally a different process.

COGNITIVE DEFUSION

As humans we have an ability that other animals do not
have. We can respond to events located in other places and
at other times as if they are present. It is our ability to use
language and thinking that makes this so. Much of the time
we do not have direct contact with situations in life but
only with verbally constructed versions of these situations.
Our experiences are filtered and modified through our
interpretations, evaluations, thoughts, and beliefs. ‘‘Cogni-
tive fusion’’ is the description of this process by which our
thoughts become merged with, or undistinguished from,
the events they describe or the person who has them.4

Most cognitive-behavioral therapies in general include
work with thoughts and beliefs in some way, whether that
be, for example, a focus on rational or irrational beliefs,20

or a focus on automatic thoughts and schemas.21 Some of
CBT advocates the disputing or restructuring of irrational
beliefs or dysfunctional automatic thoughts. There are,
however, many forms of CBT, which focus on differing
levels and forms of cognition and apply differing methods
for addressing these. This has led to some to criticize CBT
for lacking a unifying theory of change.22 Other studies in

patients with anxiety and depression have questioned
whether changes in dysfunctional attitudes are primarily
responsible for benefits of CBT23 and whether methods
directed at change in automatic thoughts or core schemas
are necessary for positive treatment outcomes.24, 25

The model of cognition underlying CCBT is based
directly on the approach of acceptance and commitment
therapy (ACT).4 Within this approach cognitive change
can happen at two levels, the level of content, what
thoughts look like or how frequently they occur, and the
level of function or context, the impact thoughts exert on
other responses. While work with both levels will have
therapeutic value in different situations, a relative emphasis
is placed on contextual change. A novel therapeutic process
in ACT is what is called ‘‘cognitive defusion,’’ which means
a loosening of the influence of thought content on beha-
vior and increasing contact with potential influences on
behavior beyond thought content. Through cognitive
defusion exercises, the chronic pain sufferer can become
more aware of the process of thinking, and less entangled
in the content of thinking, and can thereby act more
flexibly while in contact with otherwise distressing, dis-
couraging, or restricting thoughts. Cognitive defusion
means a weakening of the role of thoughts as the sole basis
for action without necessarily reformulating the content of
thoughts. By bringing behavior in contact with thoughts in
a different way, and altering the way they are experienced,
in a broader context, cognitive defusion allows free and
healthy action without the necessity of positive thoughts
and beliefs, which often can be hard to achieve.

Cognitive defusion methods include the use of meta-
phor, paradox, humor, and experiential tasks, rather than
logical confrontation, direct verbal persuasion, or empiri-
cal verification.4 Confrontation of dysfunctional beliefs and
cognitions, as is done in cognitive therapy, however, may
also achieve a degree of cognitive defusion. The potential
drawback of methods that direct themselves at change in
content is that they can emphasize the necessity of rational
thinking and reinforce the behavioral imperative of doing,
or feeling emotionally, what the literal content of thought
demands one do or feel. Methods directly targeting cog-
nitive fusion will include exercises that raise awareness of
(1) the experience of having a thought rather than being
stuck in the content of the thought, (2) the experience of
difficulties presented by trying to control thoughts, (3) the
unworkability of following some thought content, and
(4) the ability to act according to what the person feels is
important while in contact with thoughts that ‘‘say’’
otherwise. This creates flexibility in the relationship
between thoughts and action.

VALUES CLARIFICATION AND VALUES-BASED
ACTION

‘‘Values’’ are defined as chosen life directions. They can
also be considered as qualities of behavior that reflect
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what the individual cares most about in their life. Values
are made up of the answers to the question, ‘‘What do you
want your life to stand for?’’4 The usefulness of values-
based processes in chronic pain comes when the pain
sufferer’s life has become stuck in a focus on pain, and
other unwanted experiences, and has lost contact with
what they would hold as most important. For many
chronic pain sufferers daily life can be about struggling
with, trying to control, and seeking relief from, pain, and
not about family, friends, intimate relations, work, health,
and growth or learning, or other concerns that constitute
a full and vital life. A focus of clarifying values, and
enhancing values-based action, is a means for reducing
this focus on pain as the primary guide for action.

Values-related processes have been discussed across a
range of psychological approaches in the past, including
client-centered therapy26 and motivational interview-
ing.27 However, it does not appear that they have been
formally emphasized in CBT in the past as they have been
in ACT. A number of recent attempts to measure values-
related processes have arisen from this new emphasis with
ACT and CCBT, including in general samples28 and in
chronic pain.29

Our first study of values included 140 consecutive
patients with chronic pain seen for an assessment in a
specialty pain center in the UK. For this study we devel-
oped a brief measure of values called the Chronic Pain
Values Inventory (CPVI).29 The CPVI asks patients to
consider their values in domains of family, intimate rela-
tions, friends, work, health, and growth or learning, and to
first rate the importance with which they hold their values
and then the success they have living according to them.
Results from this study demonstrated that patients’
importance ratings are universally higher than their success
ratings. Average success ratings positively correlated with
acceptance of pain and negatively correlated with a mea-
sure of avoidance. Importantly, the average success ratings
correlated significantly with measures of disability,
depression, and pain-related anxiety, and, in regression
analyses, predicted significant variance in patient func-
tioning independent of acceptance of pain.29

Values clarification is not necessarily an easy process.
In most cases it requires that patients examine circum-
stances that may be very painful to examine. When a
patient honestly identifies what is important to them and
also realizes they are not acting that way, they may
experience profound loss, embarrassment, shame, or
guilt. The pain of looking at values may lead patients to
avoid doing it. Also, many patients find it difficult to
identify what is important to them separate from what
others or society specify should be important to them. It
can be essential for patients to work through this. Taking
a particular course of action to avoid disapproval from
others is not the same behavior pattern as taking it in the
service of what one about cares about most. Finally,
patients may immediately close themselves off from par-
ticular directions when they label them as ‘‘impossible’’

but that idea need not limit values-based action and need
not lead one to reject a particular value. Directions that
our minds say are impossible in one particular moment
can turn out quite approachable, if possibly in small steps,
when looked at more flexibly or in a different moment.

MINDFULNESS

Chronic pain sufferers often get excessively caught up
with their own sensations, emotions, and thoughts and
can have their behavior become disorganized, impulsive,
or ineffective. They can have the natural pain, stress, and
unwanted experiences in life magnified in their effects by
the ways they struggle, act defensively, harden their stance
toward these things, or multiply their distress by feeling
and acting distressed about their distress, and so forth.
These processes entail a loss of contact with the present
moment and a hyperreactivity to experiences to which the
individual need not react. A remedy for these processes of
suffering is training in a skill set including accurate,
present-focused, and accepting awareness, or what is
called mindfulness.30 To say this somewhat more techni-
cally, mindfulness is a process of contact with events in
experience that alters some of the otherwise automatic
functions of these events. The predominant attitudes of
mindfulness include openness, curiosity, gentleness, and
compassion.

Mindfulness differs from other commonly used
methods, such as relaxation, for example. Relaxation is
often carried out with the goal of controlling what is
experienced, usually to reduce sensations or emotions of
tension and stress. Mindfulness, on the other hand, is
carried out to practice being aware of sensations and
emotions without doing anything else about them. Gui-
ded imagery exercises are another example. These are
often performed to change the content of what is being
experienced and to gain the emotional and behavioral
effects that come with that. Mindfulness is carried out to
watch and learn from whatever content spontaneously
occurs in experience while maintaining a connection with
the present moment and an attitude of interested neu-
trality. There are many types of mindfulness exercises;
some that include a focus on the body, on sensations of
breathing, or on sensations during movement,30 and
some that can include the use of an imagined scene.4

Although mindfulness has been an interest within pain
management for many years, there is still a relative lack of
data regarding its usefulness. There are uncontrolled trials
supporting the role of mindfulness-based methods as
treatment for chronic pain31, 32 and supportive conclu-
sions from meta-analyses of mindfulness-based treat-
ments for a range of conditions, including pain.33, 34

Further study is needed.
We recently completed a study of mindfulness in

patients with chronic pain.35 In our study we adminis-
tered the Mindful Attention Awareness Scale (MAAS)36 to
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a sample of 105 consecutive patients with chronic pain
seeking specialty treatment in the UK. The MAAS is a 15-
item measure of mindfulness in which each of the items is
negatively keyed (i.e. ‘‘I could be experiencing some
emotion and not be conscious of it until some time later,’’
‘‘I find it difficult to stay focused on what’s happening in
the present,’’ ‘‘I find myself preoccupied with the future or
the past’’). Items are rated from 1 (‘‘almost always’’) to 6
(‘‘almost never’’) and yield a single summary score.
Correlation analyses showed that mindfulness was posi-
tively correlated with acceptance of pain and negatively
correlated with measures of pain-related distress, anxiety,
depression, interference with cognitive functioning, and
pain medication use. Based on multiple regression ana-
lyses in which age, gender, education, duration of pain,
pain intensity, and acceptance of pain, were entered first,
mindfulness added a significant increment to explained
variance in five of eight equations, explaining significant
variance in depression, pain-related anxiety, as well as
physical, psychosocial, and ‘‘other’’ disability. Mindfulness
was a particularly good predictor of depression and
‘‘other’’ disability where in each case it accounted for 11
percent of the variance after the series of other potential
predictors were taken into account. The variance in
these equations accounted for by acceptance and mind-
fulness combined averaged 28 percent across the eight
equations.35

CHRONIC PAIN IN A SOCIAL CONTEXT

A functional contextual approach to chronic pain has
several implications for the role of social influences on
pain and suffering. These include a potentially more
sophisticated analysis of the role of significant others in
chronic pain,37 models of ‘‘self,’’38 and the role of social
influence in treatment.3

For years, the role of social responses in chronic pain
has been either framed as a process of reinforcement or
punishment for overt displays of pain and disability1 or
perhaps as a buffer or stressor in the emotional experience
of chronic pain.39 Recent analyses of solicitous and
punishing spouse responses suggest that the traditional
operant behavioral framework is probably incomplete.37

Social responses to pain and suffering will blend with
multiple concurrent influences on behavior patterns
including cognitive and emotional influences, and the
effects they exert will depend on the functions they have
acquired, not merely their topography. A person with
pain who responds with activity avoidance may have that
pattern so tightly controlled by thought and emotional
content that other immediate social influences play little
role (note that the role of thought content itself, however,
is of a social origin). Alternatively, that pattern may be
strengthened in some situations if social responses are
psychologically relevant, contact the behavior, interact
with it to strengthen it, and are not otherwise

overwhelmed by other influences. Further still, a patient
who is suffering and experiences an angry or frustrated
reaction from those in their environment may feel inva-
lidated, or like their suffering is not believed, and may act
to rigidly defend the legitimacy of their problems in the
future. Either of these ostensibly different patterns could
lock the patient into a pattern of greater suffering and
disability.3, 37 It is not the appearance of the response as
either ‘‘solicitous’’ or ‘‘punishing’’ that is critical but it is
the wider context, the pain sufferer’s history and the
broader psychological situation, which gives those
responses their meaning and function.

There are many different understandings of ‘‘self.’’
One longstanding division is whether the self is best
understood as an object or subject, ‘‘self-as know’’ or
‘‘self-as-knower.’’40 Many authorities agree, however, that
our sense of self arises in social situations and is there-
fore social in origin.40, 41 We learn an awareness of who
we are as this becomes important for others. In turn we
expect ourselves, and are expected by others, to act
consistently with this sense of our self.4 To act unpre-
dictably or ‘‘not like our self ’’ is met with discouraging
responses in many social situations. Two problems arise
from this situation for those with chronic pain. First,
unrealistic social pressure for behavioral consistency can
come to bear on chronic pain sufferers whose pain leads
them to experience many changes in their roles and
behavior, and whose behavior changes in relation to
private experiences that are not fully understood by
casual observers. This can be distressing and restricting,
such as when essentially arbitrary social influences press
for behavior patterns that are otherwise ineffective, fail-
ing to bring desired results or bringing undesired ones.
Second, through processes of thinking and speaking we
can come to take too seriously a certain sense or our self,
a self made up our thoughts and beliefs about who we
are, but in many ways otherwise arbitrary, a self that can
be referred to as ‘‘self-as-content.’’4 For chronic pain
sufferers, strongly held beliefs such as ‘‘I never need help
from others,’’ ‘‘I am not the sort of person to feel
depressed,’’ or ‘‘I never talk about my feelings,’’ can be
very limiting, if the person tries to defend these or deny
the reality of experiences to the contrary. This is why
treatment approaches for chronic pain can advocate the
promotion of a different sense of self, a self that does not
depend on the content of thought and belief, but
recognizes a sense of self that is aware of this content, or
a sense of self as the location where this content occurs, a
sense of ‘‘self as context.’’3, 4

The final aspect of social context to discuss involves
the context of the treatment environment. All treatment
for chronic pain is inherently social, whether that is
consciously considered a key therapeutic element or not.
Given the nature of chronic pain there are several
important social challenges to manage. First, many
individuals with complex problems of chronic pain come
with a history of feeling disbelieved, may be sensitive to
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this, and may want to avoid it. This is understandable.
To suffer and to have the legitimacy of that suffering
doubted can be to feel one is being called a liar, and that
one will be abandoned and left with uncontrollable pain.
Anyone would fight to avoid this situation, such as by
trying to prove there is something wrong. Once this
occurs it is a real dilemma in treatment, as it can be
difficult for a person to prove they are suffering and to
improve at the same time. Ways to avoid the patient
feeling discounted include listening and understanding
what they have lost and how they feel, being willing to
feel how bad they feel, and realizing that no matter how
many times you say ‘‘I believe you,’’ it can be easily
undermined. To ask a chronic pain sufferer to perform
physical exercise, for example, or do something they feel
is ‘‘impossible’’ can feel delegitimizing, as it seems to
discount their pain.

A second social concern in treatment is the role of
social pressure from the therapist and subtle forms of
coercion. ‘‘Pressuring’’ patients to participate in treat-
ment, even if done subtly, can sometimes work but it
runs several risks. It may (1) provoke resistance, as most
of us will resist being controlled by others, at least
some of the time, (2) lead to anger at, or avoidance of,
the ‘‘pressure,’’ or (3) create behavior patterns under the
control of the therapist’s social approval or disapproval
that are unsustainable away from the therapy environ-
ment. As discussed above, the remedy for this is to
create a therapy environment that is based on the
patient’s willingness to participate, to give them the free
choice to control what they experience when they hon-
estly wish do to so, and to bring the patient’s behavior in
contact with their values as their guides for action, and
in contact with concordance between what they do and
what they care about, rather than social pressures of
any kind.

CCBT can be a very intensive form of therapy. A
primary focus of treatment includes creating occasions
when patients will have painful experiences when these
are a necessary part of positive change. These provide an
opportunity for learning to meet these with effective
action, with flexibility rather than struggling or avoid-
ance. In order to effectively deliver treatment of this
type, treatment providers will have to ‘‘be there’’ in
treatment. The only honest way to do that is for the
treatment provider to be willing to experience what they
experience when patients experience what they experi-
ence. To say it another way, we are all strongly disposed
to avoid pain and distress. When treatment asks the
patient to be willing to face pain, treatment providers
will need to demonstrate that same willingness. To not
do so is to send the message that that the patient’s pain
is not acceptable to the treatment provider, and probably
should not be to the patient. This may reinforce a long
history of running away from pain on the part of the
patient and may lead to functioning with significantly
less freedom and vitality.

TREATMENT OUTCOME FROM CONTEXTUAL
APPROACHES TO CHRONIC PAIN

Despite the relatively recent development of contextual
approaches, there are a fair number of supportive studies
conducted in related areas, outside of chronic pain, such
as depression,42 relapse following treatment for depres-
sion,43 marital distress,44 polysubstance abuse and opiate
addiction,45 psychotic symptoms,46 and work stress.47

There are three trials related to chronic pain;14, 15, 16 two
of these will be discussed in more detail.

All of our treatment outcome data come from the ‘‘real
situation’’ of a Pain Management Unit set up, not to run
clinical trials, but to deliver services to highly complex
groups of patients who have failed other available services.
In this respect our analyses of treatment outcome results
are more akin to effectiveness studies than efficacy trials
and, thus, seem to require no test of generality to realistic
circumstances. Further, as a national tertiary care center
in the National Health Service, providing services to pain
sufferers who have few if any options, our patient selec-
tion criteria for services are extremely liberal.

Our first study of treatment outcome consisted of 108
chronic pain sufferers seen between March 2001 and July
2002.15 They participated in three- or four-week, full-
time, group-based, treatment courses delivered by a team
of physiotherapists, occupational therapists, nurses, phy-
sicians, and clinical psychologists. Our treatments include
graded physical conditioning, skills training, education,
mindfulness training, and psychological methods based
on the model of CCBT presented above.3 As described
above, many of the psychological methods are experiential
or metaphor-based. An example of one of our treatment
exercises is shown in Box 15.1.

Analyses in our first treatment study were based on
multiple outcome measures administered at initial
assessment, the start of treatment (M=3.9 months later),
immediately following treatment, and then at a three-
month follow-up visit. In our initial report we showed
that patient functioning did not significantly change
during the waiting phase prior to treatment but did sig-
nificantly improve in nine key domains following treat-
ment and remained significantly improved on all
measured domains at follow-up. Patients also showed
significantly increased acceptance of pain during treat-
ment and changes in acceptance were significantly cor-
related with changes in other key outcome variables,
lending support to the notion that acceptance was an
important process in the observed results.15 Figure 15.2
illustrates data from a sample of consecutively treated
cases on our unit. It includes percentage improvements at
posttreatment and follow-up and is substantially similar
to the results from our earlier analyses but includes an
expanded sample size, n= 303 rather than n= 108. The
significant benefits patients achieved include decreased
pain, anxiety, depression, physical and psychosocial
disability, medication use, and physician visits, as well as
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increased walking speed, activity tolerance, and work
status.

It may be noticed that most of the treatment results in
Figure 15.2 are fully maintained at follow-up but the
results for some outcome measures decline and that these
reduced results differ for different outcome measures. For
example, there is a particular reduction in the improve-
ments for depression. In part this may be an effect of
leaving the treatment environment and facing the reality
of the home situation. The more durable results for
physical functioning and acceptance are, in retrospect,
expected, as treatment is primarily designed to improve
behavioral performance and not necessarily to reduce
distressing psychological content, such as cognitive and
emotional aspects of depression.

In our latest study we examined clinically significant
change, but we did this in a particular subset of patients

we treat, those who are most highly disabled.16 In this
study we examined treatment outcome of 53 consecutive
patients treated in a hospital-based course of treatment.
These patients have extremely limited mobility and self-
care and thus are unable to participate in a pain man-
agement course without a minimal amount of nursing
care to assist with transfers, mobility, bathing or dressing,
or other necessary activities of daily life. Our analyses
demonstrated that these patients achieve significant
improvement at posttreatment in pain-related distress,
physical and psychosocial disability, depression, anxiety,
frequency of sit-to-stand in one minute, and hours spent
resting during the day due to pain. Across nine key out-
come domains the highly disabled patients achieved an
average effect size of d= 0.75, similar to the average effect
size for standard treatment cases, d= 0.77. Reliable change
analyses,48 taking into account temporal stability of the

Box 15.1 An example of a metaphor-based, experiential, treatment exercise used in CCBT

PERSPECTIVE AND FOCUS EXERCISE

Background

When working toward life goals, maintaining focus on the circumstances that help you reach those goals is
necessary. Focusing on avoidance of pain or other uncomfortable feelings can interfere with that.

Exercise

The way we view things is often a matter of focus.

1. Put a finger up in front of your face and focus on it. What do you see? How clear are other objects and people
in the room? y Now, notice what happens when you change your focus to the things several feet in front of
you, or to the opposite side of the room. Now what do you see clearly and what seems to blur to a shadow?
y Which kind of focus gives you a broader picture of the world, or enables you to see more of what’s around
you? y Which way would it work best if you needed to see where you are going? y When you focus on
something close up, the things in the distance blur or disappear, become unrecognizable. Likewise, it becomes
more difficult to know if you are headed in the direction you want to go, or if you have arrived at your
destination. If you can change what you are focusing on, the picture you have of the world might be
quite different. You may have a different ‘‘perspective.’’ The finger in front of your face is one thing you can
focus on.

2. ‘‘Problems’’ may happen when you continue to focus only or mainly on one thing so that you can’t see where
you are going. After a while you may think that it is because of the FINGER itself, not because of your
FOCUSING on it. Without the focusing on the finger, it is not the same matter.

Discuss

1. In concrete terms what are your ‘‘destinations’’ and goals?
2. Do goals have value regardless of whether pain is present or absent?
3. What happens when no pain or minimal pain is part of a goal? Does experience show that the original goal

blurs or shrinks as awareness of pain increases?

Modified from: Geiser DS (1992). A comparison of acceptance-focused and control-focused psychological treatments in a chronic pain treatment
center. Unpublished doctoral dissertation, University of Nevada, Reno.
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outcome measures, indicated, for example, that 47.6
percent of patients demonstrated reliable improvement in
total disability and 61.9 percent demonstrated reliable
improvement in depression scores. Applying criteria for
‘‘recovery’’ based on level of posttreatment functioning of
successfully treated standard cases, 52.8 percent of the
highly disabled patients met criteria for clinical recovery
in a least one primary outcome domain, including phy-
sical disability, psychosocial disability, or depression.16

This is akin to saying that for every 1.9 highly disabled
patients treated from this approach one achieves recovery
in at least one key domain of functioning.

SUMMARY

In many parts of the world the dominant culture says that
if we do not like something, we should fix it or avoid it.
This strategy works very well in some circumstances but
not in others. In cases of chronic pain this can lead to
significant restrictions in daily functioning and to con-
siderable suffering. It is natural to attempt to avoid pain
and it is unnatural, in some ways, to consider doing
anything else.

Increasing research findings demonstrate that there is
more than one way to live a free, full, and vital life once

one has chronic pain. Methods available from a long
tradition of behavioral and cognitive therapies are one
way.49 These methods include a wide mixture but tend to
include training in coping and methods designed pre-
dominantly to control or decrease what is felt physically
and emotionally, and to change the content of thought
and belief.50, 51 Another way, rather than coping with or
attempting to exercise control over what is felt, thought,
or believed, is to focus on contextual change.

Current contextually based therapies, such as CCBT,
aim to alter the historical and situational elements that
gives psychological experiences their influence over
behavioral patterns and not to alter the content of psy-
chological experiences themselves. They aim not to reduce
sensations, emotions, and thoughts but to alter how they
are experienced. This is not the sometimes derided ‘‘just
do it’’ approach associated with unfair characterizations
of the ‘‘old-fashioned’’ operant approach. Contextual
change is not superficial but is an attempt to get to the
core of where suffering and behavior disruption are based,
primarily in processes of language and cognition. The
processes in CCBT are perhaps more subtle, less logical,
more metaphorical or paradoxical, less dominantly
change-oriented, and more flexibly balanced between
change and acceptance. Approaches such as CCBT
are intensely emotional and consciously aware of social
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influences, as it seems it should be for patients with
chronic pain who have suffered greatly, are often vulner-
able, and can have complex personal histories.

We have found in our clinical service, based on the
equivalent of effectiveness studies, that a treatment
including processes of acceptance, cognitive defusion,
mindfulness, and values is associated with significant
improvements for chronic pain sufferers seen in tertiary
care. These improvements include emotional, physical,
and social functioning, as well as healthcare use. Together
with other controlled and uncontrolled treatment studies
related to pain and numerous treatment trials outside of
the area of pain, these contextually based treatment
methods appear promising.
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KEY LEARNING POINTS

� Pain-related fear of pain is a normal response when

pain is catastrophically misinterpreted as a sign of

damage.
� Patients often consider physical activity as harmful, but

may not always define their problems in terms of fear.
� In addition to clinical interview, brief questionnaires are

available to identify patients with excessive pain-related

fears.
� Pain-related fear is associated with hypervigilance and

escape/avoidance behaviors that may have short-term

benefits in acute pain, but paradoxically worsen the

problem in the long run.
� Fear reduction can be achieved with a combination of

education about the harmfulness of common physical

activity, the establishment of a fear hierarchy, and the

actual exposure to feared activities.
� Exposure to feared activities can best be provided in the

form of a behavioral experiment.
� Preliminary evidence shows that decreased pain-related

fear is associated with improved daily functioning.

INTRODUCTION

In an attempt to explain how and why some individuals
with musculoskeletal pain develop a chronic pain syn-
drome, biopsychosocial models have been developed,
including the ‘‘fear-avoidance model of exaggerated pain
perception,’’1 and, more recently, the cognitive–behavioral
model of fear of movement/(re)injury.2, 3 The central
concept of these models is ‘‘fear of pain,’’ or the more
specific ‘‘fear that physical activity will cause (re)injury.’’
Generally, two opposing behavioral responses to pain are
postulated: ‘‘confrontation’’ and ‘‘avoidance.’’ In the

absence of any serious somatic pathology, confrontation is
conceptualized as an adaptive response that eventually may
lead to the reduction of fear and the promotion of recovery
of pain or function. In contrast, avoidance leads to the
maintenance or exacerbation of fear, possibly resulting in a
condition similar to a phobia. The avoidance results in the
reduction of both social and physical activities, which in
turn leads to a number of physical and psychological
consequences augmenting the disability.4 Prospective stu-
dies in acute low back pain patients5 and healthy people6

have provided support for the idea that pain-related fear
may be an important precursor of pain disability.



What are the clinical consequences of these findings?
In this chapter, we will first highlight the typical char-
acteristics of pain-related fear, and the association
between pain-related fear and attentional, cognitive, and
behavioral processes. From a clinician’s point of view, we
will address cognitive–behavioral assessment methods in
patients who report excessive pain-related fears. We will
then describe a novel treatment approach for patients
with musculoskeletal pain, which is based on the treat-
ment methods developed for people with anxiety dis-
orders. An adapted form of exposure in vivo with
behavioral experiments is described which aims to pro-
vide personal evidence that the anticipated catastrophic
consequences of physical performance do not occur. We
critically appraise the currently available data on the
effectiveness of this novel approach and address some of
the complicating factors. Finally, we will provide some
directions for future research and development.

CHARACTERISTICS OF PAIN-RELATED FEAR

In 1990, Kori et al.7 introduced the term ‘‘kinesiophobia’’
(kinesis =movement) for the condition in which a patient
has ‘‘an excessive, irrational, and debilitating fear of
physical movement and activity resulting from a feeling of
vulnerability to painful injury or reinjury.’’ Recent evi-
dence revealed that, during confrontation with feared
movements, chronic low back pain patients who are
fearful of movement/(re)injury typically show cognitive
(catastrophic interpretations), attentional (hypervigi-
lance), and behavioral (escape and avoidance) responses,
rendering support for the idea that chronic pain and
chronic fear share important characteristics.4, 8, 9

There is evidence that pain-related fear is associated
with an exaggerated negative orientation towards pain,
referred to as pain catastrophizing. Pain catastrophizing
has been shown to mediate distress reactions to painful
stimulation.10 For example, Crombez et al.11 found that
pain-free volunteers with a high frequency of catastrophic
thinking about pain became more fearful when threa-
tened with the possibility of occurrence of intense pain
than students with a low frequency of catastrophic
thinking. In line with these findings, a strong association
has been found between pain-related fear and pain cata-
strophizing in chronic pain patients, and it has been
suggested that pain catastrophizing is likely to be a pre-
cursor of pain-related fear.2, 12 Another study showed that
when a certain sensation is interpreted as damaging, it
will be perceived as more painful.13

PAIN-RELATED FEAR AND BEHAVIORAL
PERFORMANCE

It has repeatedly been shown that pain-related fear is
associated with escape/avoidance behaviors. Although in

the case of chronic pain it is not possible to avoid pain
completely, it is possible to avoid the perceived threat, in
this case the activities that are assumed to increase pain or
(re)injury. Avoidance behavior might thus be reflected in
submaximal performance of activities. In a study in which
chronic pain sufferers volunteered to undergo cold
pressor pain, it was shown that expected danger sig-
nificantly predicted avoidance of another cold pressor
immersion.14 Chronic pain patients who associate pain
with damage tend to avoid activities that increase pain.
Other studies that used physical performance tests
reported that poor behavioral performance appeared to
be more strongly associated with pain-related fear than
with pain severity15 and biomedical findings.3

The effects of pain-related fear on behavioral perfor-
mance also appear to generalize to restrictions in daily life
situations. Waddell et al.16 demonstrated that fear-
avoidance beliefs about work are strongly related to dis-
ability of daily living and work lost in the past year, and
more so than pain variables such as anatomical pattern of
pain, time pattern, and pain severity, and concluded that
‘‘Fear of pain and what we do about it may be more
disabling than pain itself.’’ Not only in chronic pain
conditions, but also in acute back pain patients, a sig-
nificant association is found between pain-related fear,
poor physical performance, and self-reported disability
levels.17

PAIN-RELATED FEAR AND ATTENTION

The cognitive theory of anxiety makes the assumption
that an important function of anxiety is to facilitate the
detection of potentially threatening situations. In line
with this idea, it has been found that patients with phobia
and anxiety disorders are hypervigilant, or overalert for
threatening information:18 they selectively attend to
threatening information at the expense of other infor-
mation, and have difficulties in disengaging attention
from threat once it is detected. Evidence is starting to
accumulate that similar attentional processes apply to
pain and are relevant in pain patients.19 Chronic back
pain patients who avoid back-straining activities report
not only high fear of pain and fear of (re)injury but also
more attention to back sensations.20, 21 Using structural
equation modeling of self-report data, Goubert et al.22

demonstrated that pain-related fear was a unique pre-
dictor of hypervigilance to pain and of the amount of
pain experienced in low back pain patients. There is
strong experimental evidence that pain-related fear
induces hypervigilance for pain in healthy volunteers, but
there are only a few studies that have experimentally
investigated this idea in patients. Using the emotional
Stroop task, several studies have demonstrated that
patients with chronic pain attend selectively towards
words that are thematically related to their pain and its
consequences.23 There was, however, no evidence that the
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attentional bias for pain words was more pronounced in
patients with pain-related fear. More convincing are the
results of studies that measure attention towards actual
somatic stimuli or pain itself. Using a body-scanning
reaction time paradigm, Peters et al.24 found that in a
group of fibromyalgia patients, detection latency for
innocuous electrical stimuli in the arm was predicted by
scores on the Pain Anxiety Symptoms Scale. In line with
their findings are the results of studies using a primary
task paradigm: chronic pain patients are requested to
direct their attention away from pain, and to focus upon
an attentionally demanding task. Degradation in task
performance on the cognitive task during the experience
of pain is taken as an index of attentional interference due
to attention to pain and hypervigilance. A number of
studies have demonstrated that degradation of task is
most pronounced in chronic pain patients who reported
high pain intensity,25 high affect, somatic awareness, and
high fear of (re)injury.26 It seems then that patients
who experience high fear of pain experience difficulties
disengage from pain.27

DISCONFIRMATIONS OF HARM BELIEFS

What are the clinical implications of the above-men-
tioned findings? Philips4 was one of the first to argue for
the systematic application of graded exposure in order to
produce disconfirmations between expectations of pain
and harm, the actual pain, and the other consequences of
the activity. She further suggested: ‘‘These disconfirma-
tions can be made more obvious to the sufferer by helping
to clarify the expectations he/she is working with, and by
delineating the conditions or stimuli which he feels are
likely to fulfill his expectations. Repeated, graded, and
controlled exposures to such situations under optimal
conditions are likely to produce the largest and most
powerful disconfirmations.’’4 Experimental support for
this idea is provided by the match/mismatch model of
pain,28 which states that people initially tend to over-
predict how much pain they will experience, but after
some exposures these predictions tend to be corrected to
match with the actual experience. A similar pattern was
found by Crombez et al.29 in a sample of chronic low back
pain (CLBP) patients who were requested to perform four
exercise bouts (two with each leg) at maximal force.
During each exercise bout, the baseline pain, the expected
pain, and the experienced pain were recorded. As pre-
dicted, the CLBP patients initially overpredicted pain, but
after repetition of the exercise bout the overprediction
was readily corrected. The expectancy did not seem to
generalize to the exercise bout with the other leg as a
small increase in pain expectancy reemerged. Also,
expectancies were immediately corrected after another
performance. In sum, it is quite plausible that, in analogy
with the treatment of phobias, graded exposure to back-
stressing movements may indeed be a successful

treatment approach for pain patients reporting sub-
stantial fear of movement/(re)injury.

GRADED IN VIVO EXPOSURE VERSUS GRADED
ACTIVITY

Graded in vivo exposure may appear to be quite similar to
the usual graded activity programs30, 31 in that it gradually
increases activity levels despite pain. However, both
conceptually and practically, exposure in vivo is quite
different from graded activity. First, graded activity is
based on instrumental learning principles, and selected
health behaviors are shaped through positively reinforcing
predefined quota of activities. Exposure in vivo, originally
based on extinction of pavlovian conditioning,32 is cur-
rently viewed as a cognitive process during which fear is
activated and catastrophic expectations are being chal-
lenged and disconfirmed, resulting in reductions in the
threat value of the originally fearful stimuli. Second,
during graded activity, special attention goes to the
identification of positive reinforcers that can be provided
when the individual quotas are met, whereas graded
exposure pays special attention to the establishment of an
individual hierarchy of the pain-related fear stimuli.
Third, usual graded activity programs include individual
exercises according to functional capacity and observed
individual physical work demands, while graded exposure
includes activities that are selected based on the fear
hierarchy and the idiosyncratic aspects of the fear stimuli.
For example, if the patient fears the repetitive spinal
compression produced by riding a bicycle on a bumpy
road, then the graded exposure should include an activity
that mimics that specific activity and not just a stationary
bicycle.

COGNITIVE–BEHAVIORAL ASSESSMENT

In this section we will deal with specific questionnaires,
the interview, the establishment of graded hierarchies,
and the behavioral tests that can be applied in order to
gain sufficient information about the idiosyncratic aspects
of pain-related fear responses in patients with chronic
musculoskeletal pain.

Specific questionnaires

A basic question that may be asked is what the patient is
afraid of or, in other words, what is the nature of the
perceived threat? An answer to this question is not as
simple as it seems. Patients may not view their problem as
involving fear at all and may simply see difficulty in
performing certain movements or activities. In addition,
the specific nature of pain-related fear varies considerably,
making an idiosyncratic approach almost indispensable.
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Some patients fear pain. Other patients may fear not so
much current pain but pain that will be experienced at a
later time, for example the day after a physical exercise.
Finally, patients may not fear pain itself, but the
impending (re)injury that it is supposed to indicate, or
they fear becoming permanently handicapped. The lit-
erature reflects this variety of fear stimuli by discussing
measures for the assessment of fear of pain, fear of work
and physical activity, and fear of (re)injury as a result of
movement.

FEAR OF PAIN

The Pain Anxiety Symptoms Scale (PASS-2033) was
developed to measure cognitive anxiety symptoms, fearful
appraisals of pain, escape and avoidance responses, and
physiologic anxiety symptoms related to pain. It is a 20-
item questionnaire with internally consistent subscales.
The validity of the PASS has been supported by positive
correlations with measures of anxiety, cognitive errors,
depression, and disability. The factor structure of the
PASS-20 was found to be invariant across a fibromyalgia
sample and a low back pain sample and indicated that a
PASS-20 total score as well as scores on the subscales can
be used.

FEAR OF WORK-RELATED ACTIVITIES

The Fear-Avoidance Beliefs Questionnaire (FABQ16)
focuses on the patient’s beliefs about how work and
physical activity affect his/her low back pain. The FABQ
consists of two scales: fear-avoidance beliefs of physical
activity and fear-avoidance beliefs of work, the latter
being consistently the stronger. The authors found that
fear-avoidance beliefs about work are strongly related to
disability of daily living and work lost in the past year;
this was not the case for biomedical variables such as
anatomical pattern of pain, time pattern, and severity of
pain. On the other hand, the FABQ physical subscale is
much stronger in predicting behavioral performance
tests.15

FEAR OF MOVEMENT/(RE)INJURY

The Survey of Pain Attitudes (SOPA34) was developed to
assess patients’ attitudes towards five dimensions of the
chronic pain experience: pain control, pain-related dis-
ability, medical cures for pain, solicitude of others, and
medication for pain. Because of the authors’ clinical
observation of an association between chronic patients’
hesitancy to exercise and the expressed fear of possible
injury, a new scale (Harm) was added to the original
instrument. As well as the Disability Scale and the Control
Scale, the Harm Scale appeared to independently predict
levels of dysfunction.

The Tampa Scale for Kinesiophobia (TSK35) is a 17-
item questionnaire that is aimed at the assessment of fear
of (re)injury due to movement. Each item is provided
with a Likert scale, with scoring alternatives ranging from
‘‘strongly agree’’ to ‘‘strongly disagree.’’ Most psycho-
metric research has been carried out with the Dutch
version of the TSK, which appears to be sufficiently reli-
able and valid.2 Modest but significant correlations were
found with measures of pain intensity, catastrophizing,
impact of pain on daily life activities, and generalized fear.
Regression analyses revealed that levels of disability were
best predicted by pain-related fear, and that this was best
predicted by catastrophizing. Pain intensity levels and
biomedical findings were significantly less predictive of
both pain-related fear and disability levels.3 Moreover, the
TSK discriminated well between avoiders and confronters
during a behavioral performance task.2, 15 Recent factor
analyses revealed two subscales: these two factors were
labeled somatic focus, which reflects the belief in under-
lying and serious medical problems, and activity avoid-
ance, the belief that activity may result in (re)injury or
increased pain. The factor structure appears invariant
across pain diagnoses and Dutch, Swedish, and Canadian
patients.36

Interview

GENERAL ISSUES

For elevated scores, the above-mentioned fear ques-
tionnaires are only indicative of the presence of pain-
related fear. The assessment should be continued to fur-
ther validate the hypothesis that the patient’s disability is
mainly determined by these fears. The semistructured
interview is an additional and important tool to obtain
information about the behavioral, psychophysiological,
and cognitive aspects of the symptoms and to better
estimate the role of pain-related fear in the maintenance
of the pain problem (see Box 16.1). It also includes
information about the antecedents (situational or inter-
nal) of the pain-related fear, and about the direct and
indirect consequences. This screening might also include
other areas of life stresses, as they might increase arousal
levels and indirectly fuel pain-related fear. The etiologic
model (Figure 16.1) is shown to be a useful theoretical
framework that the clinician can keep in mind during the
interview. Factors that often seem to be associated with
the development of the fear are the characteristics of pain
onset and the ambiguity around the presence or absence
of positive findings on medicodiagnostics. For example, a
person involved in a traffic accident may develop a fear of
driving as a result of the traumatic experience. Likewise, a
back pain patient may develop a fear of lifting after
experiencing pain while lifting or after receiving infor-
mation from a medical doctor that lifting can damage
nerves in the spinal cord. Some chronic back pain patients
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who present with pain-related fear appear to base their
conviction about vulnerability to (re)injury on the results
of diagnostics tests such as radiographs and magnetic
resonance imaging (MRI). The combination of (threa-
tening) information conveyed by the medical specialist
and the experience of pain and discomfort seem to
strengthen that conviction. The visual confrontation with
diagnostics or a medical diagnosis can be quite upsetting
to some patients, as this information may be interpreted
as being more threatening than intended by the specialist.

Although reports about misconceptions and mis-
interpretations of information can be used during the
educational part of the intervention, it is more useful to
identify the current level of severity and the maintaining
factors of the pain problem and associated pain-related
fear. The severity can often be estimated by inquiring
about the extent to which the pain problem interferes

with daily life, including the ability to carry on paid work,
leisure activities, and normal relationships. Maintaining
factors are usually negative thoughts about the danger of
the physical activities, the avoidance of these activities,
and hypervigilance to signals of threat. Negative thoughts
can be elicited by inquiring about the client’s personal
theory about his pain and associated functional incapa-
city. Expectations about the future are also worth
inquiring about: ‘‘What do you think will happen if the
pain is left untreated?’’ For example, the back and pelvic
pain complaints of a female patient started during her
first pregnancy and increased after the delivery. She
started worrying about the future because a relative who
had received the same diagnosis finally became wheelchair
bound. Her main belief was that during certain move-
ments the tissue and nerves around the ridged symphysis
pubis could be damaged or ruptured, possibly resulting in
paralysis of the lower limbs. In most cases, these thoughts
make people alert to bodily sensations that may signal
impending danger. Situations that provoke these sensa-
tions are fearfully avoided. To gain insight into avoidance
behaviors, the therapist may ask questions such as ‘‘What
does the pain prevent you from doing?’’ and ‘‘If you no
longer had this pain problem, what differences would it
make to your daily life?’’ One can also ask directly about
the situations that may worsen the pain problem. Finally,
the assessment should also clarify whether other pro-
blems, such as major depression, marital conflicts, or
disability claims, warrant specific attention before or after
treatment. If more complicated problems are expected to
arise as the pain problem diminishes, it may be better to
leave the pain problem untreated.

DETERMINING TREATMENT GOALS

There are several reasons why it is wise to spend some
time on the determination of treatment goals.37 First,

Box 16.1 Items addressed during the
interview

1. What does your pain feel like?
2. When did the pain start?
3. What were the circumstances of the pain

onset?
4. If there was a sudden pain onset, what did you

do, feel, and think at that moment?
5. What are you not doing because of the pain

problem?
6. What do you think is causing your pain?
7. What do you think will happen in the near

future if the pain remains untreated?
8. What is the influence of deep relaxation on

your pain?

Pain catastrophizing

Pain-related fear

Avoidance

Disuse
Depression
Disability

No fear

Recovery

ConfrontationPain experience

Injury

Negative affectivity
Threatening illness information

Figure 16.1 The cognitive–behavioral model of

pain-related fear. Redrawn from Pain, 85, Vlaeyen
JW and Linton SJ, Fear-avoidance and its

consequences in chronic musculoskeletal pain: a

state of the art, 317–32, & Elsevier (2000).
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cognitive–behavioral treatments for pain, including
exposure in vivo, primarily aim at the restoration of
functional abilities despite pain rather than at the
reduction of pain. It helps to make this general goal
explicit, and both patient and therapist should agree on
one or more realistic and specific goals that are for-
mulated in positive terms. Typical examples are being able
to go shopping to the supermarket alone or go swimming
twice a week for half an hour. In cases where the goal is to
return to work, an occupational physician or vocational
counselor can be consulted. Often, the exposure treat-
ment can be synchronized with a graded resumption of
work activities. Second, setting goals also helps to struc-
ture the treatment and to design the hierarchy of stimuli
that will be introduced during the actual exposure in vivo.
For example, if a patient wishes to resume his sports
activities, the therapist will make sure that aspects of these
will be included in the graded exposure activities. Third,
setting functional goals also redirects the focus of atten-
tion from pain and physical symptoms toward daily life
activities with the emphasis on the possibility of change
away from the disability status. Finally, as the patient is
invited to formulate his or her own goals, goal setting
inadvertently reinforces the notion that active participa-
tion is an essential part of the treatment.

Graded hierarchies

Once it is identified that pain-related fear is pivotal in the
maintenance of a person’s pain disability, it is useful to
inquire about the essential stimuli: What is the patient
actually afraid of? So far, there is a lack of standardized
tools for identifying these stimuli. In our experience, it is
quite difficult for pain patients to verbally estimate the
threat value of different situations. One of the problems is
that the avoidance behaviors are not really acknowledged
to be the consequences of fear but to be a direct con-
sequence of the pain and the experienced vulnerability for
(re)injury. In addition to checklists of daily activities, the
presentation of visual materials such as pictures of back-
stressing activities and movements might be worthwhile.
They can be quite helpful in the development of graded
hierarchies, reflecting the full range of situations avoided
by the patient, beginning with those that provoke only
mild discomfort and ending with activities or situations
that are beyond the patient’s present abilities. The Pho-
tograph Series of Daily Activities (PHODA38) is a stan-
dardized method that appears to be appropriate to design
graded hierarchies. PHODA uses photographs represent-
ing various physical daily life activities, including lifting,
bending, walking, bicycling, etc., that are presented to the
patients, who are requested to place each photograph
along a fear thermometer. (A CD-rom version of
PHODA, including the pictures and a brief manual, as
well as a short electronic version that can be run on a PC
(PHODA-SeV39) is available and can be requested from

phoda@hszuyd.nl.) This scale consists of a vertical line
with 11 anchor points (ranging from 0 to 100) printed on
a piece of cardboard that measures 60� 40 cm (Figure
16.2). The fear thermometer is placed on a table in front
of the patient with the following instruction: ‘‘Please look
at each photograph carefully, and try to imagine yourself
performing the same movement. Place the photograph on
the thermometer according to the extent to which you feel
that this movement is harmful to your back.’’ In our
experience, abrupt changes in movement (e.g. suddenly
being hit) or activities consisting of repetitive spinal
compressions (riding a bicycle on a bumpy road) are
frequently mentioned stimuli in chronic back pain
patients who score high for pain-related fear measures.
These situations are feared because of beliefs about the
causes of pain, such as ruptured or severely damaged
nerves: ‘‘If I lift heavy weights, the nerves in my back
might be damaged.’’ For examples of a graded hierarchy,
see Tables 16.1 and 16.2. Also of interest is that the same
activity can be rated differently depending on the context
in which the activity is performed. For example, the
activity ‘‘running’’ receives an 80 when performed in a
wood, and 50 when performed on an even terrain. It is

Figure 16.2 The use of PHODA38 in establishing fear hierarchy.
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therefore a good idea to expose patients to physical
activities in a variety of contexts.

Behavioral tests

Sometimes, patients find it hard to estimate the harm-
fulness of an activity when it has been avoided extensively.
In such cases, behavioral tests can be introduced. They
consist of performing an activity that has been avoided
previously while performance indices (such as time, dis-
tance, or number of repetitions) are measured. Target
behaviors can be derived from the PHODA items, and in
most cases the behavioral tests can be considered as a
variant of the exercise tolerance test described by For-
dyce.40 To assess the extent to which avoidance occurs,
patients are asked to perform the activity ‘‘y until pain,
weakness, fatigue or any other reason causes you to wish
to stop’’, quoted in Fordyce40 (page 170). Behavioral tests
have the advantage that anticipatory anxiety and the fear
during exposure can be measured separately. In addition,
they provide a more objective measure of avoidance
behavior.

EDUCATION

The first session of graded exposure in vivo always con-
sists of unambiguously educating the patient in a way that
the patient views their pain as a common condition that
can be self-managed, rather than as a serious disease or a
condition that needs careful protection. The aim is to
correct the misinterpretations and misconceptions that
have occurred early on during the development of the
pain-related fear. Each patient is given a careful expla-
nation of the fear-avoidance model, using the patient’s
individual symptoms, beliefs, and behaviors to illustrate
how vicious circles (pain-catastrophic thought-fear-
avoidance-disability-pain) maintain the pain pro-
blem. In cases where the pain-related fear appears to be
fuelled by having a (‘‘positive’’) diagnostic test, it may be
useful to review these tests together with a physician. It
can be explained to patients that they probably have
overestimated the value of these tests, and that in symp-
tom-free people similar abnormalities can also be found.
One of the effects of this education is that it increases the
patient’s willingness to finally engage in activities that
they have been avoiding for a long time. Additionally, the

Table 16.1 Graded hierarchy of pain-related fear stimuli for Ms X.

Pretreatment
hierarchy

(PHODA) item Post-treatment PHODA score

100 Throwing a trash bag 0

90 Lifting a child from squat 20

80 – –

70 Making up the bed 0

60 Mopping the floor 10

50 Carrying a shopping bag on both arms 0

40 – –

30 Rolling over in bed 0

20 Walking up and down stairs 0

10 Hanging out something on the clothes line 0

Table 16.2 Graded hierarchy of pain-related fear stimuli for Ms Y.

Pretreatment
hierarchy

(PHODA) item Post-treatment PHODA score

100 Carrying a small child on the shoulders 10

90 Raking leaves into a heap 20

80 Lifting a laundry basket 0

70 Riding off a curbstone with a bicycle 0

60 Lacing one’s shoes while bending forward 10

50 Washing the dishes 0

40 – –

30 Making up the bed 20

20 Emptying a dishwasher 0

10 Hanging something on a coat hook 0
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provision of a more fluid, less localized understanding of
pain could provide a greater sense of legitimacy for the
pain in the absence of positive test results.41

EXPOSURE IN VIVO

Exposure

Current treatments of excessive fears and anxiety are
based on the experimental psychological work of Wolpe,42

who reported on systematic desensitization. In this key-
stone treatment method, individuals progress through
increasingly more anxiety-provoking encounters with
phobic stimuli while utilizing relaxation as a reciprocal
inhibitor of rising anxiety. Because relaxation was inten-
ded to compete with the anxiety response, a graded for-
mat was chosen to keep anxiety levels as weak as possible.
Later studies revealed that exposure to the feared stimuli
appeared to be the most essential component of the sys-
tematic desensitization, and when applied without
relaxation produced similar effects.43 For a fearful patient,
experiencing first-hand the results of changes in their
behavior is far more convincing than rational argument;
therefore, the most essential step consists of graded
exposure to the situations that the patient has identified
as ‘‘dangerous’’ or ‘‘threatening.’’ Subsequently, indivi-
dually tailored practice tasks are developed based on the
graded hierarchy of fear-eliciting situations, thereby fol-
lowing the general principles for exposure. The patient
agrees to perform certain activities or movements that
they used to avoid. Patients are also encouraged to engage
in these fearful activities as much as possible until anxiety
levels have decreased. The therapist, who demonstrates
how the activity can be performed in the most ergono-
mically efficient manner, first models each activity or
movement. The presence of the therapist, who may
initially encourage further exposures, is gradually with-
drawn to facilitate independence and to create contexts
that mimic those of the home situation.

Behavioral experiments

Following on from cognitive theory, which assumes that
cognitive ‘‘errors’’ can be corrected through conscious
reasoning, behavioral experiments have been developed
for which the basis is a collaborative empiricism. The
essence of a behavioral experiment is that the patient
performs an activity to challenge the validity of his cat-
astrophic expectations and misinterpretations. These
interpretations take the form of ‘‘if y then y’’ state-
ments, and are empirically tested during a behavioral
experiment. Three steps can be distinguished. First, the
patient formulates a hypothesis, for example a back
pain patient may expect that jumping down from a stair
will inevitably cause nerve damage in the spine and

excruciating pain. Second, an alternative hypothesis is
generated, for example after jumping down, I will be able
to pursue my activity. Third, an experiment is designed,
for example if the patient is convinced that jumping down
is harmful then the therapist can further inquire about the
minimal height that is needed to cause nerve injury.
Finally, the experiment is carried out and evaluated. The
therapist invites the patient to jump down from the stair
and the consequences are assessed (see Box 16.2). In
practice, behavioral experiments are difficult to separate
from mere exposure, and they can best be used
simultaneously.

Case illustrations

Although many patients with chronic musculoskeletal
pain have similar fears (fear of physical activities that
produce pain or that are assumed to cause reinjury), the
origin of their fears may be different. Rachman28 sug-
gested three pathways for the acquisition of excessive
fears: traumatic experience, observation of others in pain,
and informational transmission. We will describe two
patients, one of whom developed fear as a result of direct
trauma and one as a result of informational transmission.

Ms X was a 40-year-old married woman who worked
for a cleaning service. Her pain started five years before
referral to the rehabilitation center while lifting a trash
bag and throwing it into a big container. During this
movement, she heard a ‘‘crack’’ in her lower back,
immediately followed by a ‘‘shooting’’ pain. As she had
never felt anything similar, and did not have an alternative
explanation at hand, she interpreted this event as nerve
damage and was afraid of becoming paralyzed. From then
on, she experienced about four to six of these ‘‘cracks’’ a
day. She could almost predict which movements pro-
voked these frightening cracks, and tried to avoid them as
much as possible.

The exposure part of the program consisted of nine
sessions, each lasting about 60–90 minutes, spread over
three weeks. During the educational part, it was made
clear to the patient that ‘‘cracks’’ may occur without
causing damage, and the vicious circle was explained with
the message that she was suffering from excessive avoid-
ance behavior because of her misbelief that ‘‘cracks’’ are
dangerous. Table 16.1 gives an overview of the graded
hierarchy based on PHODA. One of the essential stimuli
was bending forward, and we chose to start the exposure
with simply bending at the knees and coming up again by
putting small objects on the floor and picking them up.
Before each trial, the patient’s expectations of pain and
harm were noted, and after the actual performance the
experienced pain and harm were evaluated (Table 16.2).
Gradually, the activities became physically more intense.
During the last sessions, Ms X was bicycling over rough
terrain, jumping from a 75-cm-high stool, playing bad-
minton, and performing all of the daily household chores.
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Because Ms X was included in a controlled outcome
study, the exposure treatment was followed by a period of
graded activity of equal length.

Ms Y was a 35-year-old married woman whose back
and pelvic pain complaints started during her first preg-
nancy, six years ago, and increased after the delivery. After
a second and third pregnancy, her pain complaints
increased, and she remained unable to carry out a number
of daily activities. An orthopedic assessment was per-
formed and radiographs of the pelvis showed a ridged
symphysis pubis and a pelvic instability. The visual con-
frontation with the radiographs was upsetting to her, and
she became quite worried after hearing the diagnosis. She
started worrying about the future because a relative who
had received the same diagnosis finally became wheelchair

bound. Her main belief was that during certain move-
ments the tissue and nerves around the ridged symphysis
pubis could be damaged or ruptured, possibly resulting in
paralysis of the lower limbs.

During the educational part of the program, the
rehabilitation physician explained to her that the so-called
abnormal findings on the radiographs were, in fact, not
unusual and were also seen in people without pain
symptoms. Although Ms Y seemed reassured, she was not
totally convinced. The therapist subsequently proposed to
test the activity–harm assumption by exposing her to the
activities that she had fearfully avoided. Table 16.2 dis-
plays the graded hierarchy based on PHODA. Because Ms
Y was included in a controlled outcome study, the
exposure treatment was preceded by a period of graded

Box 16.2 Dialogue between Ms X and therapist during a behavioral experiment

Therapist: OK, today we’ll start with the next activity. Why don’t we try lifting this empty crate. What do you
think?
Patient: [sighs] I don’t think I can manage that.
Therapist: What do you think might happen?
Patient: I’m sure I’ll get more pain. The disks in my back can’t take such pressure. It may further damage the nerves
there.
Therapist: How would you notice this?
Patient: My back will collapse, I won’t be able to stand, and I may become paralyzed.
Therapist: How likely is it that this will happen when lifting this crate, on a scale 0 (not likely) to 100 (very likely)?
Patient: I am not sure, around 70.
Therapist: OK, well why don’t we try and see what happens. I’ll do it first, and then it’s your turn. [At this point the
therapist models the lifting task, and invites the patient to do the same, and while the patient is holding the case
the therapist goes on inquiring about what happens.]
Therapist: Good. You’re doing very well. How did it go?
Patient: OK, I guess. It did hurt somewhat, but my back could hold it quite well. It did not collapse.
Therapist: Right, despite the pain, you managed to lift this crate, right? Suppose we do this again, how would you
rate the chances of your becoming paralyzed?
Patient: Well, I would say a 40, but there was no crack.
Therapist: Would the situation be different if you had felt a crack?
Patient: Oh yes, definitely.
Therapist: How could we induce such a crack.
Patient: When I was still working, I usually carried heavier weights than the one I just lifted.
Therapist: Shall we make this one a bit heavier?
Patient: [Laughs nervously] OK then.
Therapist: OK, go ahead and add more bottles. [The patient fills the whole case with bottles. After that, the
therapist models the activity before the patient attempts it herself.]
Therapist: Did you feel a crack?
Patient: Not really, but, you know, suppose I should turn to this side [left] while lifting – that would make the
situation much more dangerous.
Therapist: OK, is that worrying you more than lifting objects?
Patient: I think so, yes.

By doing this behavioral experiment, a new stimulus is introduced: rotating while lifting. At this point, the therapist
invites the patient to show what she means by rotating. Thereafter, a new behavioral experiment is carried out
incorporating this new stimulus, and the process of challenging expectations is repeated over again.
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activity of equal length. The treatment course was quite
similar to that of Ms X, with a steep decrease in levels of
fear and catastrophizing.

Complicating factors

PAIN INCREASES

Although patients have agreed that the treatment is not
primarily aimed at reducing pain levels, it is very frigh-
tening to experience a sudden pain attack during the
exposure treatment. This is what happened to Ms Z, a 46-
year-old woman with CLBP. Before starting the fifth ses-
sion, she complained of a severe, sharp pain that struck
her in the morning while getting out of bed. She described
this event as being very similar to the beginning of her
pain problem. She was quite worried that this again was a
sign of something being seriously wrong in her back. Her
major concern was that too much movement would only
worsen the situation, and she suggested that she should
not take part in the program that day. The therapist
briefly explored the circumstances of the pain attack and
concluded with the patient that there was no reason for
further medical examination. Ms Z did not think that this
attack was caused by her increased activity level, and both
she and the therapist decided to continue with the
treatment and chose badminton for the activity as Ms Z
liked it very much. As Ms Z experienced no substantial
increase in her pain during this activity, she gradually
became more confident, and the session was completed
almost as planned. It is clear from Figure 16.3, which
shows the patient’s daily ratings of pain and fear, that
after four days the ratings were back down again.

Maintenance of change

EXPANDING CONTEXTS

What is actually learned during exposure? Although some
researchers assume that exposure leads to a dis-
confirmation of overpredictions of the aversive char-
acteristics of fear stimuli, there is growing evidence that
exposure cannot simply be equated with unlearning.
Studies have demonstrated that a competition occurs

between the original threatening (excitatory) meaning of
the stimuli and a new (inhibitory) meaning. In
other words, during successful exposure, exceptions to the
rule are learned rather than a fundamental change
of that rule.32 Crombez et al.44 showed that, in CLBP
patients, exposure to one movement (bending forward)
did not generalize toward another dissimilar movement
(straight leg raising). This pattern of results was only
characteristic for high pain catastrophizers. The treatment
implications of these findings are lengthy exposures to the
full variety of contexts and natural settings in which fear
has been experienced.45 PHODA might be a useful tool in
eliciting information about these contexts in chronic pain
patients.

EFFECTIVENESS

Despite the fact that the importance of pain-related fear
continued to be highlighted by behavioral theorists,
empirical investigations including clinical outcome stu-
dies lagged behind theoretical thinking. We recently
conducted two empirical studies to examine the effec-
tiveness of a graded in vivo exposure treatment with
behavioral experiments compared with the usual graded
activity in reducing pain-related fears, catastrophizing,
and pain disability in CLBP patients reporting substantial
fear of movement/(re)injury.46, 47 A replicated single-case
crossover design was applied, one with four and one
with six consecutive CLBP patients. Only patients who
reported substantial fear of movement/(re)injury (TSK
score440), and who were referred for outpatient beha-
vioral rehabilitation, were included. After a no-treatment
baseline measurement period, the patients were randomly
assigned to one of two interventions. In intervention A,
patients received the exposure first, followed by graded
activity. In intervention B, the sequence of treatment
modules was reversed. Daily measures of pain-related
cognitions and fears were recorded using visual analog
scales. Before and after the treatment, the following
measures were taken: pain-related fear, pain catastro-
phizing, pain control, and pain disability.

Figure 16.4 displays the daily measures for fear of
movement/(re)injury, fear of pain, and pain catastro-
phizing. Although the supplemental value of this ‘‘back-
ground’’ treatment program cannot be ruled out in this
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study, the remarkable improvements that are observed
whenever the graded exposure was initiated suggests that
the therapeutic power of the graded exposure is much
stronger. The crossover design gave us the opportunity to
examine the differential effects of graded exposure and
graded activity and also the additional treatment effect of
the second treatment module. To tease apart the differ-
ential effects of the educational and the exposure com-
ponents of the treatment, another study allocated fearful
patients with CLBP randomly to two treatment condi-
tions.48 Both conditions started with a three-week base-
line wait list period followed by one session of education,
again followed by a three-week wait period. In one
treatment, the second wait period was followed by
exposure in vivo, while in the other treatment it was
followed by graded activity. The results were striking.
Subjective ratings of pain-related fear and pain catastro-
phizing decreased substantially after the educational part
in all patients. However, self-reported difficulties in per-
forming activities at home only decreased in the patients
who received exposure in vivo. These results suggest that
education may change patients’ perceptions about the
harmfulness of activity, but, alone, or in combination
with graded activity, is not powerful enough to reverse
avoidance and escape behaviors. Replications in other
settings have also been carried out.49, 50 These results,
together with the initial studies, provide a basis for
pursuing and further developing the exposure technique.

Although these first results are quite promising, there
are a number of caveats to be considered. First, the

preliminary evidence reported here is limited in that it
included a small number of patients. On the other hand,
single-case experimental designs were chosen with
appropriate time series statistical analyses or randomiza-
tion tests. More recently, two randomized controlled trials
with large patient samples revealed that exposure in vivo
is successful in reducing pain-related fear and pain cata-
strophizing, and to a lesser extent, pain disability.51, 52

SUMMARY

‘‘Fear of pain and what we do about it may be more
disabling than pain itself.’’ According to this statement
quoted by Waddell et al.16 (page 164), the intuitively
appealing idea that the lowered ability to accomplish tasks
of daily living in chronic pain patients is merely the
consequence of pain severity is refuted. The recent lit-
erature supports the early conjecture that chronic pain
and phobia share important characteristics. Indeed, stu-
dies have shown that, during confrontation with feared
movements, CLBP patients who are fearful of movement/
(re)injury typically show behavioral (escape and avoid-
ance), attentional (hypervigilance) and cognitive (worry)
responses. It was not until recently that this line of
thought was extended to the behavioral assessment and
management of chronic pain. Specific pain-related fear
measures, by which pain patients whose level of disability
is likely to be controlled by pain-related fear, have been
developed. As a result, a screening questionnaire that is
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Figure 16.4 Daily measures of fear of

movement/(re)injury for subjects X and Y across

baseline (days 0–21) and both treatment modes

(days 22–42 and days 43–63). (a) Fear of

movement/(re)injury; (b) fear of pain; (c) pain

catastrophizing. BAS, baseline; EXP, exposure in
vivo; GA, graded activity. Redrawn from Behaviour
Research and Therapy, 39, Vlaeyen JW, de Jong J,

Geilen M et al., Graded exposure in vivo in the

treatment of pain-related fear: a replicated

single-case experimental design in four patients

with chronic low back pain, 151–66, & Elsevier

(2001).
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aimed at the identification of acute back pain patients at
risk has been developed for use in primary care and
includes several items about fear and avoidance.53, 54 In
addition, the cognitive–behavioral assessment also
includes the semistructured interview, the development of
graded hierarchies, and the application of behavioral tests.
This chapter describes an in vivo exposure treatment for
the reduction of pain-related fear in CLBP patients. Pre-
liminary outcome data show that an exposure in vivo
consists of individually tailored practice tasks based on a
graded hierarchy of fear-eliciting situations, and not just a
physical training program or usual graded activity that
does not take into account these essential and idiosyn-
cratic fear stimuli. These data also show that exposure in
vivo may help the patient to confront rather than avoid
physical movement, and that a reduction in self-reported
disability levels follows. Although cognitive–behavioral
treatments for chronic pain are quite favorable,55 there is
an urgent need for further refinement of our treatments,
including a better match between treatment modalities
and patient characteristics. Although most of the research
in pain-related fear was focused on musculoskeletal pain
and back pain in particular, there is every reason to
believe that fear processes are applicable to other pain
problems as well. Indeed, the validity of the fear-avoid-
ance model has been extended successfully to patients
with osteoarthritis,56 burn pain,57 knee injury,58 whi-
plash,59 and neuropathic pain.60 Exposure-based treat-
ments for these pain problems have not been reported,
but are likely to be developed in the near future. The
approach described in this chapter may contribute to the
process of customization of cognitive–behavioral treat-
ments in the care of chronic pain patients.
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KEY LEARNING POINTS

� The gate theory of pain explained how skin stimulation

could modulate pain, and led to the development of

transcutaneous electrical nerve stimulation (TENS).
� TENS can help in the management of many types of

chronic, and to a lesser extent acute, pain.
� It is a straightforward and inexpensive treatment.
� Electrodes are placed along the painful dermatome, or if

necessary along the contralateral dermatome.
� Tolerance may develop from continuous therapy.

� There is little evidence that any particular type of

stimulation is superior to any other.
� Care should be taken in patients with pacemakers.
� Complications and side effects are generally minor and

reversible, provided simple precautions are observed.
� Treatment is dose dependent and should be for at least

30 minutes twice a day for at least a month for chronic

pain.

INTRODUCTION

Man has been aware of the effects of electricity for
thousands of years. A bas-relief in Egypt from 2750BC
shows a Nile catfish (electric catfish) known as the
‘‘releaser of many’’ or the ‘‘shaker.’’ About 400BC, Hip-
pocrates used electric fish to treat headache and arthritis,
and in 46BC Scribonius Largus described the use of the
electric torpedo ray by the Romans for gout and head-
ache. Baron Von Humboldt studied the electric eel of
South America in 1800. He stood on one and experienced
the development of a painful numbness up to his knees,

which left him with violent pain in his knees and the rest
of his joints for the remainder of the day. He prophesied,
‘‘The discoveries that will be made on the electromotive
apparatus of these fish will extend to all phenomena of
muscular motion subject to volition. It will perhaps be
found that in most animals every contraction of a muscle
fiber is preceded by a discharge from the nerve to the
muscle.’’ He also predicted that electricity was the source
of life and movement in all living things.1

The development of the Leyden jar in 1745–6 enabled
electricity to become more readily available and portable,
rather than requiring a wet fish at the seaside! This led to



the development of magnetoelectric, electroanesthetic
equipment. In 1759, John Wesley used his electrostatic
machine to treat ‘‘rheumaticky pains’’ in a patient ‘‘made
helpless like an infant.’’ After the second shock, he felt
some change; after the third he was able to raise himself;
after two more he rose and walked about the room; and
before noon he was quite well. In England in 1858, Althaus
described the application of his apparatus to peripheral
nerves. At the same time, in Philadelphia, Francis was
producing analgesia for dental extractions. Oliver in Buf-
falo and Garratt in Boston were similarly producing dental
analgesia, and developing its use at other sites. Garratt in
particular used it for dental neuralgias, hyperalgesia, tic
doloureux, toothache, and jaw ache. Oliver used it also for
amputation of limbs and for childbirth. The Cataphoresis
machine of 1925 was used for dental analgesia and can be
seen in the Charles King Collection at the Association of
Anaesthetists of Great Britain and Ireland. The modern
equivalent is the H-wave and Ultracalm machines.

The ‘‘gate theory’’ of pain2 attempted to explain how
chronic stimulation of the nervous system could be used
to treat nociceptive pain, and led to the development of
percutaneous stimulation of peripheral nerves and dorsal
column stimulation. TENS was initially introduced as a
prognostic test prior to spinal cord stimulation.

Prolonged stimulation of peripheral nerves with per-
cutaneous needle electrodes was shown in 1967 to modify
the reaction of healthy human volunteers to acute nox-
ious stimuli, without any ill effects,3 and to inhibit the
prolonged after-discharge in the tegmentum and medulla
that normally follows electrical tetanic stimulation of a
peripheral nerve.4 This confirmed clinically the spinal
gate control theory of Melzack and Wall.2 Confirmation
of this effect with brief, intense transcutaneous electrical
stimulation at trigger points or acupuncture points on
severe clinical pain was published in 1975.5 Such stimu-
lation produced a decrease in pain of 60–70 percent
depending on the type of pain, significantly higher than
the strong placebo contribution.

Many different electrical stimulation therapies have
now been developed, all working on the same idea. Action
potential stimulation therapy mimics the action potential
in its electrical waveform. Interferential therapy is a static
machine used by physiotherapists, and transcutaneous
spinal electroanalgesia and transcutaneous cranial elec-
trical stimulation are claimed to produce analgesia by
percutaneously stimulating the spinal cord and brain,
respectively. Cutaneous field stimulation uses a flexible
plate with needle-like electrodes to electrically stimulate
nerve fibers in the superficial skin, and has been
developed to treat itch without damaging the skin.

APPLIED ANATOMY

The exact mechanism of TENS and acupuncture is still
not clear. Both peripheral and central neural mechanisms

are involved. Acupuncture and TENS for analgesia are
now considered in the light of the type of stimulus used.
Conventional TENS is a high-frequency, low-intensity
stimulus, and acupuncture and acupuncture-like TENS is
a low-frequency, high-intensity stimulus.

The low-intensity (TENS) stimulus is considered to
activate large muscle (type I) and large skin (Ab) fibers.
This produces gating by segmental inhibition of the
central afferents of the polymodal C pain fibers within the
substantia gelatinosa, possibly through interneurons with
g-aminobutyric acid receptors. The Ab-fibers pass in the
dorsal columns to produce descending inhibition via the
periaqueductal gray matter. The analgesia is often of rapid
onset and short duration, and tolerance can develop from
continuous therapy. At least part of TENS-mediated
hypoalgesia is a consequence of a direct peripheral effect
of TENS.6

Low-frequency, high-intensity stimulation (acu-
puncture) is considered to act by stimulating small muscle
afferents (type III, Ad-fibers) to produce both segmental
and suprasegmental inhibition via endorphinergic and
serotoninergic pathways. Segmental inhibition is produced
by presynaptic inhibition via interstitial enkephalinergic
fibers in the substantia gelatinosa. The central afferents of
the Ad-fibers pass in the spinothalamic tract to the hypo-
thalamus, and again can produce suprasegmental inhibi-
tion via endorphinergic and serotoninergic pathways. The
analgesia produced has slow onset and long duration, and
30-minute treatments do not produce tolerance. Animal
evidence must be considered with caution, but both low-
and high-frequency TENS has been shown to reduce the
hyperalgesia of kaolin-carrageenan-induced knee joint
inflammation in rats via activation of deep somatic large
diameter primary afferents.7

INDICATIONS

TENS is used widely. In Canada, 93 percent of hospitals
use it for acute pain, 43 percent for labor and delivery,
and 96 percent for chronic pain, amounting to an esti-
mated 450,000 hospital uses of TENS per year.8

TENS can be used for localized, mild, superficial pain
of somatic or neurogenic origin, but is less useful for
widespread, severe, deep-seated pain. It may be useful for
visceral pain, especially angina pectoris.

Acute pain

Most acute pain is due to trauma, and settles sufficiently
quickly to render TENS unnecessary. Sports injuries,
however, including back sprains, torn ligaments, and
pulled muscles, can respond usefully. Major trauma
usually includes multiple injuries and will produce pain
that is widespread and severe. TENS is unlikely to be of
any value in this situation.
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TENS may also be valuable for the pain of fractured
ribs, acute orofacial inflammatory pain (periodontal
infections and pulpal inflammation), acute rheumatoid
arthritis, myalgia, and myofascial pain. Postoperative pain
has also been treated, and the electrodes may be applied
adjacent to the incision by the surgeon at the end of
surgery. Postoperative nausea and vomiting can be
reduced using TENS, which has been found to be as
effective as commonly used antiemetic drugs.

Analgesia for procedures such as dental treatment and
lancet-induced trauma to the fingertip can also be pro-
vided by TENS, and it has become popular for the pain of
labor. During labor, two sets of electrodes are used: one
pair at T10–L1 for the first stage and a second at S2–S4
for the second stage. Primary dysmenorrhea may also
respond.

Chronic pain

TENS is associated with improvement on multiple out-
come variables in addition to pain relief for chronic pain
patients, and can be effective long term.

Myofascial/musculoskeletal/spasticity

Myofascial or muscular pain can respond to TENS, and it
has been used instead of the Milwaukee brace in mana-
ging idiopathic scoliosis. It can also be effective in redu-
cing spinal spasticity.

Neuropathic

The pain of peripheral diabetic neuropathy responds
successfully to TENS, as does phantom limb pain, where
it can be usefully applied to the contralateral leg. Other
neuropathic pains, such as brachial plexus avulsion and
postherpetic neuralgia, can also respond, provided the
skin site for the electrodes has sufficient sensation for
paresthesiae to be produced in the painful area.

Visceral

TENS is useful for angina pectoris, providing an increased
work capacity, reduced frequency of anginal attacks, and
reduced consumption of short-acting nitroglycerin, due
to a decreased afterload resulting from systemic vascular
dilatation. Lactate metabolism is reduced and there is less
pronounced ST segment depression with an increased
coronary flow to ischemic areas in the myocardium.
Sympathetic activity may be decreased either directly or
indirectly as a consequence of pain inhibition, and blood
pressure can also be lowered. Tissue perfusion may also be
improved by TENS, producing ulcer healing in peripheral
vascular disease, leprosy, and in skin flaps with deficient
circulation after reconstructive surgery, and it can also be
useful in thrombophlebitis.

TENS may be a useful treatment for noncardiac chest
pain of esophageal origin, and can decrease lower eso-
phageal sphincter pressure in patients with achalasia. It
can also reduce perception of gut distension without
interfering with local and reflex gut responses. TENS has
been shown to produce prompt onset of analgesia with no
significant effect on uterine activity in patients with pri-
mary dysmenorrhea. It may also have a role in the
treatment of detrusor instability and urinary urgency.

It has also been used successfully for antiemesis in cancer
therapy and as an adjunct to other analgesic regimes.

CONTRAINDICATIONS

Contraindications include the following.

� Broken/dysaesthetic/numb skin. Application of the
electrodes to broken or dysesthetic skin will be poorly
tolerated, and application to numb areas will not
stimulate the skin nerve fibers. It is essential that
paresthesiae can be generated in the region of the
pain or within the same or closely related dermatome.

� Application to the front of the neck should never be
performed, as the laryngeal muscles and carotid sinus
may be stimulated.

� Stimulation overt fetus. Except in labor, it is
probably sensible to avoid stimulation over the
pregnant uterus, and especially during the first
trimester, as electrical fields may have an effect on
the development of the fetus. If premature labor or
miscarriage occurs while TENS is being used, the
treatment is likely to be blamed, despite its
application well away from the uterus. No reports
exist in the literature, however.

CAUTION

Cardiac pacemaker

Caution should be exercised in the presence of a cardiac
pacemaker, although it is not uncommon to use it in the
presence of a fixed rate pacemaker, with the agreement of
the cardiologist in charge of the patient. Patients with
cardiac pacemakers should not be excluded from the use of
TENS, but careful evaluation and extended cardiac mon-
itoring should be performed.9, 10 It is our practice to give
the patient an initial trial in the day ward with electro-
cardiographic monitoring before discharging them with a
unit. Even so, interaction can occur at a later date.11

Driving/operating machinery

Caution should be observed while driving or operating
machinery, as transient disconnection of the electrodes
can cause a surge of current on reconnection that could
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startle the patient and cause gross sudden movement,
with the consequent dangers.

Senility/low intelligence quotient

It is unwise to use TENS in senile patients, children, or
those with a low intelligence quotient (IQ), as they need a
good understanding of how to apply and use the unit.

LIMITATIONS: FREQUENCY OF THERAPY

The use of TENS for acute pain depends on the avail-
ability to the patient of both the unit and education on its
use.

For it to be effective in postoperative pain, sterile
electrodes must be applied alongside the incision and
underneath the dressings, preferably by the surgeon. The
site of application must not have been denervated by the
surgery.

For chronic pain, TENS must be used for at least 30
minutes twice a day and for at least one month before any
effect may be felt. About half the patients using TENS can
reduce their pain by more than 50 percent, and the
analgesia is rapid both in onset (less than 30 minutes in
75 percent of patients) and in offset (less than 30 minutes
in 51 percent of patients). One-third of patients generally
use TENS for over 61 hours/week.12

EQUIPMENT

� TENS stimulator.
� Electrode leads.
� Electrodes:

– carbon–rubber, with electrode gel and fixative;
– disposable.

TENS is normally provided by a portable, battery-oper-
ated, semiconductor pulse generator connected via leads
to electrodes applied to the skin. Generally, it has the
following controls:

� combined on/off and amplitude (intensity) control;
� frequency control (from around 2 to 4100Hz or

even to 250Hz);
� mode selector to select between continuous and

pulsed stimulation, sometimes with a further choice
to modulate the stimulation giving a slow increase
then decrease in amplitude or frequency to produce
a sensation similar to stroking. Modulated or pulsed
output reduces the development of tolerance to the
stimulation;

� width control (varying the width of the electrical
pulse, usually between 40 and 500 ms);

� multichannel units will have a separate amplitude
switch for each channel.

There are also stimulators that produce complex wave-
forms to achieve deeper stimulation (Likon) or further
reduce the development of tolerance by utilizing multiple
electrodes activated randomly (Codetron). Action
potential stimulation therapy uses a waveform that
mimicks the action potential. It is generally used with
below-threshold stimulation.

A pair of insulated wires with a small jack plug at one
end connects to the stimulator, and separate plugs at the
other end connect to the electrodes. The leads are the
weakest link in the circuit, and frequently fracture at
the junction with the plugs at either end. The more supple
the leads, the less likely they are to fracture, and the more
comfortable to wear.

The electrodes are generally either carbon–rubber
(conductive) or disposable self-adhesive electrodes. The
carbon–rubber electrodes require electrode gel applying
between the electrode and the skin, and fixing in place
with adhesive tape. Alternatively, karaya pads, made from
conductive karaya gum and adhesive on both sides, may
be used. The self-adhesive electrodes require no fixative or
gel, becoming adhesive with wetting of the surface of the
electrode that is applied to the skin.

Some older machines may have sponge or cotton wool
pads that require wetting, and may be fixed in place with
Velcro bands. Larger electrodes require greater voltage
output, but less pulse-charge density than the smaller
electrodes, and evoke significantly greater nonpainful
and maximally tolerated painful muscle torques for
high-threshold stimulation.13

Electrode position

The electrodes are used in pairs. To avoid short-circuiting
between them, they should never be positioned with less
than 1 cm between their edges. The electrodes should be
positioned to lie over, and along the line of, the nerves
supplying the area to be treated (Figure 17.1). Conse-
quently, the electrodes should be applied longitudinally
on the limbs, and along the main axis of the nerves or
dermatomes on the trunk.

Connect the electrodes to the leads before applying to
the skin. The skin should be clean and dry and free from
grease or powder. If not, the electrical conductivity will be
affected and self-adhesive electrodes will become soiled
and lose their adhesiveness. Electrodes should not stay on
the skin for more than 24 hours.

Carbon–rubber electrodes

Carbon–rubber electrodes are applied to the skin after
smearing a layer of conductive gel over the skin surface of
the electrode, and then placing it in the required position
and fixing it in position with adhesive tape. Saline
jelly (normally 2 percent sodium chloride and containing
a bactericide) is advisable to give good electrical
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conductivity between the skin and the electrode. Elec-
trocardiograph (ECG) jelly contains a much higher con-
centration of saline, which will irritate the skin if left on
for the usual time for TENS therapy. It should therefore
be avoided. KY jelly, although not an electrode gel, in
practice does provide adequate conductivity, and may be
useful when allergies develop to the normal electrode gels.
Once applied, the electrode is fixed in position with
adhesive tape. The most suitable is Micropore because it
does not usually cause skin irritation and is easy to apply.

Self-adhesive electrodes

The electrode is normally stored on a backing sheet of
either wax or polythene. It should be peeled off the
backing sheet, moistened, and applied evenly to the skin.
To remove it, it should be peeled off the skin from one
corner and immediately applied to the backing sheet to
prevent drying.

Connection to the stimulator

The electrodes are then connected to the stimulator via
the leads. The stimulator must be switched off at the time
of connection. The stimulator is then switched on and
adjusted appropriately.

TYPES OF STIMULATION

TENS can be used in three different types of stimulation
modality.

1. Continuous (conventional); high frequency
(40–150Hz); low intensity (10–30mA).

2. Pulsed (burst); low frequency (bursts of 100Hz at
1–2Hz); low intensity (10–30mA).

3. Acupuncture-like (Acu-TENS); low frequency
(bursts of 100Hz at 1–2Hz); high intensity
(15–50mA).

Application

1. Clean skin well before application.
2. Check stimulator is switched off.
3. Apply electrodes to skin with normal sensation.
4. Position electrodes with their adjacent edges at

least 2 cm apart.
5. Position along direction of nerves or

dermatomes supplying the painful area.
6. Connect electrodes to stimulator.
7. Select stimulation mode (continuous, pulsed,

modulated).
8. Turn stimulator on and increase amplitude to

maximum comfortable.
9. Increase frequency to maximum comfortable.

10. Increase pulse width to maximum comfortable.
11. If using acupuncture-like TENS, increase

amplitude to produce muscle twitches in
muscles between electrodes.

SITE OF APPLICATION

The rationale of use is to apply the electrodes to the skin
to stimulate along the general direction of the nerves
supplying the area to be treated. Thus, when treating the
limbs, the electrodes should be applied longitudinally; on
the trunk, they should be placed along the course of the
nerves or the dermatomes. Whichever stimulation mod-
ality is used, the stimulation sensation should be directed
into the painful part and should be strong, but
comfortable.

When conventional or pulsed stimulation is used,
muscle twitching should not be produced, but acu-
puncture stimulation should be adjusted to be strong
enough to produce muscle twitching. Large areas of pain
will require two or more pairs of electrodes, by using
either a double adaptor lead with a single channel unit or
a dual channel stimulator with two leads.

In angina pectoris, the electrodes are applied to the
dermatome where the pain is felt. Thus, stimulation of
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Figure 17.1 Useful transcutaneous electrical

nerve stimulation electrode application points.
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the cutaneous afferents from that dermatome will enter
the cord at the same or closely related level as that of the
visceral afferents producing the pain.

TRIAL

It is normal to have a trial period of treatment to ensure
that the pain is not aggravated by TENS, to teach the
patient how to use the system, and to give a guide as to
the likelihood of the pain responding to treatment.
However, initial poor response does not mean that long-
term use will not achieve some benefit. At least one hour
of stimulation is required in the first instance. It should
then be used regularly for at least one hour three times
each day for a minimum of 14 days. The frequency of use
should be adjusted according to need and response. The
patient should use TENS as much as they wish, and be
encouraged to compare the effects of all modalities. This
will enable them to choose the modality most effective for
them, or the most effective at particular times, using all
types of stimulation as necessary. They should be told that
a period of poststimulation analgesia might occur.

The patient should be reviewed regularly over the first
year, and thereafter as required, if they continue to use
TENS.

SETTING THE STIMULATOR

Continuous (conventional) stimulation

All the controls should be set at zero, and the mode switch
set at continuous. The amplitude should then be
increased slowly to the maximum comfortable level, i.e.
strong but comfortable, and then the pulse frequency
increased to the maximum comfortable level. If there is a
pulse width control, this should also be increased to again
the maximum comfortable level. Increasing the pulse
width may enable a reduced amplitude setting to be used,
reflecting the power delivered by the unit and necessary to
produce adequate stimulation.

Pulsed (burst) stimulation

All controls should be set at zero and the mode switch set
to pulsed mode. The amplitude, pulse frequency, and
pulse width are adjusted as in continuous stimulation.

Acupuncture-like TENS

Adjust the stimulator as for pulsed stimulation, but
increase the amplitude to produce muscle twitches in the
muscles beneath the electrodes. These muscle twitches
should not be so strong that they are painful.

Sequential stimulation

Sequential TENS involves two periods of stimulation with
different parameters. If conventional TENS is used initi-
ally, this may enable burst stimulation to be better tol-
erated, with the possibility of greater efficacy and more
prolonged effect.14

Choice of stimulation modality

Patients will choose the most suitable settings for
their own pain by trial and error. There is no evidence in
favor of any particular settings for any particular
condition.

COMPLICATIONS

Skin irritation occurs in 30 percent of patients and is
usually due to inadequate application. The most common
cause is failure to clean carbon–rubber electrodes after
use; these must be removed from the skin at least once in
every 24 hours. Electrodes should not be applied to the
same area of skin every day, but an adjacent position on
fresh skin should be used.

Allergic reactions are uncommon, but may occur to
the electrode, the jelly, or the fixative (tape or gum).
When this does occur, a different type of jelly, tape, or
electrode should be used. Thus, carbon–rubber electrodes
can be replaced by self-adhesive electrodes; TENS saline
jelly can be replaced by KY jelly (KY jelly is theoretically
not conductive, but in practice is satisfactory). Micropore
tape can be replaced by some other suitable tape (even
Sellotape!).

Electrical skin burns can occur, particularly if excessive
current is applied to denervated or poorly innervated
areas of skin that are numb or partially numb. Before
using TENS, always check that there is normal sensation
where the electrodes are being applied.

There may be failure of various parts of the equipment.
The most common parts to fail are the leads, which may
fracture where they connect to the plugs. The plugs
themselves may become dirty, corroded, or heavily oxi-
dized. The battery may fail, or be inserted incorrectly. If
rechargeable batteries are used, the charger itself may be
at fault.

Tolerance may develop to the analgesic effect and
occurs in about 30 percent of patients, developing slowly
over time. Apparent tolerance may be due to a worsening
of the pain. This may be reversed by temporary with-
drawal of TENS or by changing the pulse pattern (perhaps
from continuous to pulsed).

A case of respiratory arrest, explained by the
production of tetanic stimulation of the intercostal
muscles of a patient using TENS for angina, has been
described.15
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SIDE EFFECTS

Only 47 percent of patients considered the TENS sensa-
tions to be consistently pleasant. Forty-six percent suf-
fered side effects as follows:16

� sensations at the site of TENS application (18
percent), including:
– pins and needles;
– soreness;
– tingling;
– itching;
– prickling;
– numbness;
– shaking;
– burning;
– stabbing;
– a new ‘‘pulling’’ pain;

� sensations at a distance to site of application (12
percent);

� headaches (8 percent);
� increased pain (8 percent);
� muscle aches (6 percent);
� nausea (3 percent);
� bad temper (3 percent);
� dizziness (1 percent).

EVIDENCE FOR THE USE OF TENS

Experimental evidence

Evaluating TENS in randomized, double-blind trials is
not easy. It is very difficult to blind patients to the fact
that they are receiving TENS, as its effect depends on
producing electrical sensation at the site of application.
This leads to bias that can exaggerate the estimate of
treatment effect by up to 17 percent. Trials that are not
randomized or are inadequately randomized exaggerate
the estimate of treatment effect by up to 40 percent.17

This has to be taken into account when reviewing the
evidence of efficacy of TENS or any of its stimulation
modalities.

The effect of TENS appears to be similar to that pro-
duced by other nonpharmacological analgesic manipula-
tions, such as counter-irritation and changes in
attention.18 Like counter-irritation, it needs to be felt to
be effective, as shown by a trial where subthreshold TENS
had no effect on myofascial pain syndromes when com-
pared with placebo in a single-blind trial.19 This confirms
the need to produce paresthesiae within the painful area
to provide analgesia.

TENS is associated with improvement on multiple
outcome variables in addition to pain relief for chronic
pain patients who are long-term users. Also, for some
patients, long-term TENS use continues to be effective.20

Acupuncture and acupuncture-like TENS produce
stimulation, either mechanical or electrical, at low fre-
quencies (below 10Hz) given at an intensity that pro-
duces muscle contractions which extend to the whole
muscle group (high-intensity, low-frequency stimula-
tion), with TENS producing high-frequency, low-inten-
sity stimulation (Table 17.1).

Considerable experimentation has been performed in
animals, human volunteers, and in the clinical arena.
Despite this, no one stimulation modality (acupuncture-
like or conventional) has been proven better than any
other in any particular situation. Stimulation modality is
therefore chosen on the basis of patient preference or
prolongation of battery life.

There has been the suggestion from nonblinded studies
that high-frequency TENS, continuous or pulsed, may be
more effective than low-frequency TENS in rheumatoid
arthritis patients with severe wrist pain.21 Again, non-
blinded studies have suggested that acupuncture-like
TENS is more effective in neurogenic pain.22 However,
there was no significant difference in efficacy between
continuous 100Hz, pulsed 100Hz, continuous 10Hz, or
pulsed 10Hz in a randomized, double-blind study com-
paring the four different stimulation modalities in 200
patients (Figure 17.2). Combining the groups did not
result in a significant difference between pulsed and
continuous stimulation or low and high frequency,
although there was a trend for a speedier response with
pulsed high-frequency acupuncture-like TENS. Half of
the patients found TENS reduced their pain by more than
50 percent, and there was a steady increase in the number
achieving a 50 percent reduction in pain with time
(Figure 17.3).23 Similar results were obtained in a shorter
duration randomized controlled study comparing high-
frequency, low-intensity TENS with high-frequency, high-
intensity TENS or a control group where patients were
free to select their own choice of intensity and duration of
stimulus.24

Indeed, patients choose frequencies and patterns of
stimulation according to reasons of comfort that may not
be related to mechanisms specific to the pain system.25 In

Table 17.1 The different qualities of conventional TENS and

acupuncture/acupuncture-like TENS.

TENS Acupuncture

Frequency 40–100 Hz 1–4 Hz

Intensity Low High

Sensations Tingling, vibration Teh Chi, close to pain,

beating

Induction time Short Long

Pain threshold

effect

Transient Long lasting

Distribution Segmental Segmental and

nonsegmental

TENS, transcutaneous electrical nerve stimulation.
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one study, they preferred modulated stimulation modes,
such as frequency modulation and burst, rather than
conventional constant mode.26, 27 A recent prospective
continuous sample of 154 patients referred to the TENS
clinic showed that 59 percent used conventional TENS as
this gave the best reduction in patient’s pain, and a 50
percent reduction in pain was found in 44 percent of
patients. Those with neuropathic pain tended to have a
greater effect (p= 0.17), and it was less beneficial in the
over 60-year age group. The average time for those who
gained benefit for TENS to start to reduce pain was 26
minutes, and relief continued for 77 minutes after
switching off the machine.14

Acute pain

In a systematic review of TENS for acute postoperative
pain,28 TENS was judged by the reviewers to be no better
than placebo in 15 out of 17 randomized studies. The two
positive trials showed a reduced analgesic consumption,
one after total hip replacement and the other after
abdominal and thoracic surgery. However, a further sys-
tematic review of 21 randomized controlled trials invol-
ving 1350 patients showed that TENS reduced analgesic
consumption by 26.5 percent,29 and TENS has been
shown to reduce the need to administer opioids, with
improved respiratory function, during the five days fol-
lowing thoracotomy.30 Applied after shoulder surgery,
TENS reduced analgesic consumption in the first 72
hours.31 A more recent study of TENS applied at the
dermatomal level of the skin incision in a randomized
controlled trial of hysterectomy or myomectomy patients
found TENS to be as effective as Zusanli acupoint sti-
mulation, and both treatments were more effective than
stimulation at a nonacupoint (shoulder) location.32

Neither indometacin nor TENS reduced the post-
operative opiate requirement after cholecystectomy.33

However, TENS has been shown to significantly reduce the
pain of lancet-induced trauma to the fingertip.34 In a
further study, 78 percent of children preferred electrodental
anesthesia to local anesthesia for dentistry.35 TENS has also
been used to reduce postoperative nausea and vomiting,
and was found to be equivalent to commonly used antie-
metic drugs. The incidence of vomiting postoperatively
was significantly less in the TENS-treated group than in the
control group.36 TENS has also been shown to be more
effective than nonsteroidal anti-inflammatory drugs or
placebo in patients with uncomplicated rib fractures, and
has been shown to be useful in acute neck pain.37, 38 Renal
colic also responds to 100-Hz TENS.39

Pain of labor

TENS has not been shown to have any value in labor pain
and the pain of delivery in any randomized controlled
trials. Indeed, in one randomized controlled trial, intra-
cutaneous sterile water injections were found to be more
effective than standard care (back massage, bath, and
mobilization) or TENS for relieving low back pain during
labor. Randomized controlled trials provide no compel-
ling evidence for TENS having any analgesic effect during
labor. Weak positive effects in secondary (analgesic spar-
ing) and tertiary (choosing TENS for future labors)
outcomes may be the result of inadequate blinding
causing overestimation of treatment effects.40

Chronic pain

TENS has been a successful analgesic treatment for 58.6
percent of 1582 patients attending a UK clinic over a
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period of ten years. TENS for chronic pain needs to be
used for at least 30 minutes twice a day, and for at least
one month before any effect may be felt. One-third of
patients utilized TENS for over 61 hours/week.41 Pulse
frequencies between 1 and 70Hz were utilized by 75
percent of patients, and 44 percent of patients benefited
from burst mode stimulation.12

There is evidence that TENS should be used for at
least 30 minutes twice a day for at least one month to
obtain any effect and this effect may be progressive,
with 51 percent of patients reducing their visual analog
scale (VAS) score for pain by over 50 percent at
two years.20 None of the randomized trials used TENS
for an equivalent duration to that of either Johnson
et al.41 or Nash et al.,23 stimulation being for fewer than
four weeks in 83 percent of the trials and for fewer
than ten hours per week in 85 percent of the trials.
Sixty-seven percent of the patients had fewer than ten
total sessions of TENS. McQuay and Moore42, 43 there-
fore concluded that TENS might be useful in chronic
pain, although the evidence is not conclusive. More
recent studies have shown efficacy in various specific
pain states.

Myofascial/musculoskeletal/spasticity

One randomized controlled trial of acupuncture against
TENS in elderly back pain patients in general practice
showed TENS to be of similar efficacy for pain, but not
for increased flexibility of the spine. Systematic reviews of
acupuncture have shown an effect, which could suggest
that TENS does have an effect in chronic pain, although
several recent Cochrane reviews have suggested a lack of
effect from acupuncture and TENS in low back pain and
osteoarthritis.43, 44, 45, 46, 47, 48 Vibratory stimulation and
TENS are as efficient, or more efficient, than measures
such as aspirin in myofascial or muscular pain, and
TENS merits consideration in the choice of treatment of
myofascial or musculoskeletal pain.49 Both TENS and
exercise have been shown to improve neck pain after six
weeks.50

TENS also appears to be effective in reducing spinal
spasticity, as measured clinically.51 Repeated applications
of TENS can reduce clinical spasticity and improve con-
trol of reflex and motor functions in hemiparetic subjects.
Furthermore, the underlying mechanisms may be due
partly to an enhancement in presynaptic inhibition of the
spastic plantar-flexor, and partly to a possible ‘‘disin-
hibition’’ of descending voluntary commands to the
paretic dorsi-flexor, motor neurons,52 and has been
recommended as a supplement to medical treatment in
the management of spasticity.53 Shoulder pain after stroke
may not be influenced by TENS, but it does benefit
passive humeral rotation.54 Electrical stimulation has
been shown to be similar to the Milwaukee brace in
managing idiopathic scoliosis.55

Neuropathic pain

TENS is useful for neuropathic pain, including post-
herpetic neuralgia, painful peripheral neuropathies
(especially if sufficient sensation is retained in the area of
pain), and phantom limb pain. TENS applied to the
contralateral leg in phantom limb pain has been shown to
be significantly more effective than when applied to the
outer ear, and skin conductance variations correlated well
with stump sensations.56

Visceral

TENS has various visceral effects. It appears to reduce
esophageal pain sensitivity and thus may be a useful
treatment for noncardiac chest pain of esophageal ori-
gin.57 There is also decreased lower esophageal sphincter
pressure in patients with achalasia,58 and somatic sti-
mulation can reduce the perception of gut distension
without interfering with local and reflex gut responses.59

TENS significantly increases uterine contractions when
applied to postterm pregnant women.60 However, high-
frequency TENS has been shown to produce prompt onset
of analgesia with no significant effect on uterine activity in
several small studies of patients with primary dysmenor-
rhea, possibly by reducing uterine ischemia, or by spinal or
supraspinal inhibition of pain transmission.61, 62, 63, 64

TENS may also have a role in the treatment of detrusor
instability and urinary urgency.65, 66, 67

Intractable angina

TENS can be very useful in intractable angina. It produces
an increased tolerance to pacing, improved lactate meta-
bolism, and less pronounced ST depression. In the long
term, there is an increase in work capacity, reduced fre-
quency of anginal attacks, and reduced consumption of
short-acting nitroglycerine, all due to a decreased after-
load resulting from systemic vascular dilatation.68, 69

There is also an increased coronary flow to ischemic areas
in the myocardium. TENS has been shown to have an
effect on lowering blood pressure at low frequencies
(2Hz). TENS may decrease the sympathetic activity either
directly or indirectly as a consequence of pain inhibition.
This hypothesis is supported by the fact that arterial levels
of epinephrine and norepinephrine dropped during
TENS in TENS responders.70

Peripheral ischemia

The subjective pain assessment and the maximum pain
tolerance produced by ischemic pain after a submaximal
effort tourniquet test were significantly modified by per-
ipheral electrical stimulation at nonnoxious intensities.71

There is also evidence that it can improve tissue perfusion
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and ulcer healing in peripheral vascular disease72, 73 and
leprosy.74 The most useful stimulation modalities for
ischemic pain, as for other pain states, are still under
discussion. High-intensity, low-frequency TENS has been
shown to prevent cooling of the hand in a controlled
comparison with high-frequency, low-intensity stimula-
tion and placebo.75 Stimulation of 4Hz had a significantly
greater hypoalgesic effect on experimentally induced
ischemic pain,76 although in a further study, looking
purely at femoral arterial blood flow in normal subjects,
the flow rate was directly proportional to the frequency of
stimulation.77 TENS appears, therefore, to have a mild
inhibitory action on the sympathetic nervous system and
this is more apparent when the stimulation may be
greater, as during isometric exercise.78

Blood flow in skin flaps with deficient circulation after
reconstructive surgery can be significantly increased by
TENS (p-value less than 0.001), but not by placebo
TENS.79, 80 TENS can also be useful in thrombophlebitis.81

Evidence in brief for TENS

Evidence for the use of TENS can be summarized as
follows:

� reduction of opiate requirement for acute pain (with
reduction in opiate side effects);

� not effective for labor pain;
� some evidence of efficacy in individual chronic pain

states;
� no evidence in favor of any one type of stimulation;
� as good as aspirin in myofascial pain;
� some evidence for phantom limb pain;
� can reduce postoperative nausea;
� positive physiological effects in angina;
� can reduce health care costs by 55 percent for

medication and 66 percent for physiotherapy or
occupational therapy.

CONCLUSION

There is evidence that analgesic requirement can be
reduced by TENS in postoperative pain, with a con-
sequent reduction in opiate side effects. In chronic pain,
there is evidence that TENS effectiveness increases slowly,
and that its effect is dose dependent. Regular prolonged
stimulation needs to be used for TENS to be useful in
chronic pain. Treatment must be for at least 30 minutes
twice a day for at least one month. The poor results with
randomized controlled trials may well be due to such a
protocol not being adhered to. There are an increasing
number of studies showing benefits in myofascial and
musculoskeletal pain, and dysmenorrhea, which begins to
answer the criticism that there is a lack of evidence for the
effectiveness of TENS in chronic pain, rather than

evidence for lack of efficacy.82 Cost simulations of med-
ication and physiotherapy or occupational therapy indi-
cate that, with long-term TENS use, costs can be reduced
by up to 55 percent for medications and by up to 69
percent for physiotherapy or occupational therapy.83

TENS has, however, been shown not to be effective in
labor pain.
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KEY LEARNING POINTS

� ‘‘Western medical acupuncture’’ principally involves dry

needling of myofascial trigger points and segmental

sensory neuromodulation.
� The specific analgesic effects of needling are mediated

through stimulation of Ad or type III afferent nerve

fibers in muscle and other deep somatic tissues.
� Electroacupuncture at different frequencies can result in

the release of four different endogenous opioids:

enkephalin, b-endorphin, endomorphin, and dynorphin.

� The principal methodological difficulty in explanatory

studies of acupuncture is in finding a physiologically

inert control that facilitates subject blinding.
� Acupuncture is a very safe procedure, but adequate

knowledge of anatomy and infection control procedures

is essential.
� Serious adverse events are rare: pneumothorax is

estimated to occur at a rate of 1:250,000 treatments.

INTRODUCTION

Historical perspective

Fossil evidence of trepanning indicates that man has used
physical therapies in the treatment of disease since Neo-
lithic times (circa 10,000 to 3500BC). Whilst the Chinese
are reputed to have evidence of the use of acupuncture
from bone etchings dating back to 1600BC, the recent
discovery of Ötzi, the Tyrolean iceman, dates the use of a
therapeutic needling technique in Europe to 3200BC.1 It is
clear that acupuncture-like therapies have developed
independently in different civilizations around the world,
and this is probably due to late evolutionary features in
the mammalian nervous system, combined with intelli-
gence, and the consequent use of tools, in humans.

Children learn at a very early age to rub energetically
directly over the site of an acute pain to reduce the

noxious sensation. In the case of a more chronic dis-
comfort from aching, ‘‘knotted’’ muscle we tend to
massage the local tissues more deeply and vigorously even
though doing so may temporarily exacerbate the dis-
comfort. With the development of stone tools it is easy to
hypothesize a progression of therapeutic techniques
which resulted ultimately in piercing the skin and muscle
at a site of chronic pain.

Traditional theories

The development of acupuncture points probably resul-
ted from clinical observation that certain places in the
body were more likely to harbor tender points than others
and that treating these points by pressure or piercing
could relieve pain as well as various other nonpainful
symptoms. Consistent patterns of pain referral from



myofascial trigger points, together with the relief resulting
from needling these and other muscle points, may have
contributed to the development of acupuncture mer-
idians. Radiation patterns of painful medical conditions
such as sciatica, other radiculopathies, and possibly the
consistent rashes of herpes zoster may also have con-
tributed to the idea that certain points were connected in
some way. These hypotheses do not explain the location
of all acupuncture points, nor the paths of all the mer-
idians, but there is clearly considerable overlap between

myofascial trigger points and acupuncture points,2 and
between the pain referral patterns of the former and
meridians (see Figure 18.1).

Acupuncture was probably used pragmatically by the
Chinese and others for centuries before it became sys-
tematized within a documented form of medicine some
2000 years ago.3 The theories which developed were
influenced by rational observations imposed upon a lim-
ited clinical knowledge base and within the philosophical
framework of Taoism. The tendency towards syncretism

Figure 18.1 An example of the overlap between

acupuncture points and meridians, and myofascial

trigger points and their typical pain referral

patterns. On the left-hand side is a representation

of the Gallbladder meridian, and on the right are

referral patterns from myofascial trigger points in

upper trapezius and gluteus minimus.
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resulted in the adoption and inclusion of many different
theories, and over the centuries this has resulted in the
development of a complex system of medicine. Whilst it
can be initially unpalatable to the sceptical Western sci-
entist, closer inspection reveals that traditional Chinese
medicine is built on a series of logical assumptions, and
although some of these are clearly wrong, many may still
represent valid clinical observations.

Western medical acupuncture

Western medical acupuncture is a term with a variety of
potential meanings. The most literal interpretation
invokes thoughts of geographical boundaries, but the
term was probably introduced to distinguish a developing
system of needle therapy from its traditional philoso-
phical roots which happened to be in the East.

Filshie and Cummings4 interpret ‘‘Western medical
acupuncture’’ as the scientific application of acupuncture
as a therapy following orthodox clinical diagnosis. It is
important to note that the scientific evaluation of acu-
puncture is not restricted to the West,5 and therefore
adherence to a geographical definition is inappropriate.
Probably a more accurate description of ‘‘Western medi-
cal acupuncture’’ is a modern scientific approach to
therapy involving dry needling of tissues, which has
developed from the introduction and evaluation of tra-
ditional Chinese acupuncture in the West.

The key facets of Western medical acupuncture are
myofascial trigger point needling,6, 7, 8 and segmental
acupuncture.4

RESEARCH

Methodological difficulties in acupuncture
studies

The principal methodological difficulties in acupuncture
research are concerned with controls and blinding in
explanatory studies, i.e. studies of the efficacy of acu-
puncture beyond placebo.9 For a placebo control to be
credible, the subjects receiving it must believe that they
have had an active treatment, identical to, or at least
equivalent in potency to, the active intervention. Ideally,
for any needling therapy, the control should involve an
inactive form of needling, but it seems clear that a needle
placed anywhere in the body is likely to have some neu-
rophysiological effect.10 Indeed, two large trials from
Germany demonstrated that both real and sham acu-
puncture (minimal needling off classical acupuncture
points) were significantly superior to guideline-based
standard care,11, 12 though not significantly different from
each other.

Nonpenetrating ‘‘placebo’’ needles have been devel-
oped13, 14 and whilst these are useful, they are also
demonstrably superior to placebo pills.15

A convincing control procedure should result in
blinding of the subject, but it is almost impossible to
blind an experienced therapist who is performing both
real and sham needling techniques. A common way of
reducing bias in this situation is to use a blind assessor,
although a double-blind needle has been developed.16

Evidence for needling in myofascial pain

A systematic review of 23 randomized controlled trials
conclusively shows, when treating myofascial pain with
trigger point injection, that the nature of the injected
substance makes no difference to the outcome, and that
there is no therapeutic benefit in wet over dry needling.17

These conclusions are supported by all the high quality
trials in the review.18, 19, 20, 21, 22, 23, 24, 25, 26

The authors of the review concluded: ‘‘The hypothesis
that needling therapies have specific efficacy in the
treatment of myofascial pain is not supported by the
research to date, but this review suggests that any effect
derived from these therapies is likely to be derived from
the needle, rather than from either an injection of liquid
in general, or any substance in particular. All groups in
the review in whom trigger points were directly needled
showed marked improvement in their symptoms; there-
fore further research is urgently needed to establish the
specific effect of trigger point needling, with emphasis on
the use of an adequate control for the needle.’’

Evidence for needling in other pain conditions

Systematic reviews provide evidence for the efficacy of
acupuncture in osteoarthrosis of the knee,27, 28 chronic
low back pain,29, 30 and chronic mechanical neck pain.31

Acupuncture appears to be as effective as conventional
medicine in chronic headache,32, 33 but there are still
questions over its efficacy beyond placebo.32, 34

Large pragmatic trials from Germany confirm clini-
cally relevant effects and acceptable cost utility in
osteoarthrosis,35, 36 chronic low back pain,37 chronic
headache,36, 38 and chronic neck pain.39, 40

MECHANISMS

Neurophysiology of needling

The therapeutic effects of needling are mediated through
stimulation of the peripheral nervous system, and so can
be abolished by local anesthetic.41, 42 In particular, sti-
mulation of Ad or type III afferent nerve fibers has been
implicated as the key component in producing analge-
sia.43 The therapeutic effects of needling can be divided
into four categories based on the area influenced: local,
segmental, heterosegmental, and general.
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LOCAL EFFECTS

Release of trophic and vasoactive neuropeptides including
neuropeptide Y (NPY), calcitonin gene-related peptide
(CGRP) and vasoactive intestinal peptide (VIP) has been
demonstrated.44, 45 It is likely that the release of CGRP
and VIP from peripheral nerves stimulated by needling
results in enhanced circulation and wound healing in
rats,46, 47 and equivalent sensory stimulation has proved
effective in human patients.48

SEGMENTAL EFFECTS

Through stimulation of high threshold mechanoreceptors
(possibly ergoreceptors) in muscle, needling can have a
profound influence on sensory modulation within the
dorsal horn at the relevant segmental level. C fiber pain
transmission is inhibited via enkephalinergic inter-
neurones in lamina II, the substantia gelatinosa (see
Figure 18.2). Bowsher49 reviews the basic science litera-
ture that supports this mechanism, and White50 appraises
both experimental and clinical evidence. Segmental sti-
mulation appears to have a more powerful effect than an
equivalent stimulus from a distant segment, in modulat-
ing pain,51, 52 local autonomic activity,53 and itch.54 Ad or
type III afferent nerve fibers can be stimulated by super-
ficial needling as well as by needling deeper tissues, but it
seems that segmental stimuli from the latter (usually
muscle) have a more powerful effect.52, 54, 55

HETEROSEGMENTAL EFFECTS

Whilst segmental stimulation appears to be the more
powerful effect, needling anywhere in the body can
influence afferent processing throughout the spinal cord.
The needle stimulus travels from the segment of origin to
the ventral posterior lateral nucleus of the thalamus, and
projects from there to the somatosensory cortex. Col-
laterals in the midbrain synapse in the periaqueductal
gray (PAG). This is the origin of descending inhibitory
systems that run via the nucleus raphe magnus to influ-
ence afferent processing in the dorsal horn at every level
of the spinal cord. Serotonin is the prominent neuro-
transmitter in the caudal stages of this descending path-
way, and the fibers synapse with the enkephalinergic
interneurones in lamina II (see Figure 18.3). A second
descending system from the PAG travels via the nucleus
raphe gigantocellularis; its fibers are noradrenergic, and
their influence is mediated directly on lamina II cells,
rather than via enkephalinergic interneurones. Diffuse
noxious inhibitory controls (DNIC) is the term intro-
duced by Le Bars et al.56 to define a third analgesic system,
which is induced by a noxious stimulus anywhere in
the body. Heterosegmental needling exerts influence
through all three mechanisms to different degrees,49, 50

and possibly through others, as yet undefined.

GENERAL EFFECTS

These are more difficult to define, and there is clearly some
overlap with heterosegmental effects. The latter term is
used to denote effects mediated at every segment of the
spinal cord, as opposed to effects mediated by humeral
means or by influence on higher centers in the central
nervous system (CNS) controlling general responses.

Acupuncture needling has proven efficacy in the
treatment of nausea and vomiting,57, 58 although the
mechanism is not understood.

Electroacupuncture at different frequencies can result in
the release of four different endogenous opioids: enke-
phalin, b-endorphin, endomorphin, and dynorphin.59, 60

These may in part mediate the general responses observed
in clinical practice, including short-term sedation and
improved well-being following treatment.

Imaging studies are now demonstrating that real acu-
puncture may be associated with reduced activity in
limbic structures,61, 62 and this may correlate with the
observation that acupuncture has a greater influence on
the affective component rather than the intensity of pain.

Needling of trigger points

The mechanism of action of needling in the deactivation of
trigger points is undetermined. The effect of vigorous direct
needling techniques (described below under Needle tech-
nique) is most likely to be through mechanical disruption
of motor end-plates or muscle fibers, but gentler needling
techniques may work through segmental reflexes or target-
directed expectation (i.e. regional placebo effects).63, 64

TECHNIQUE

Western medical acupuncture

SAFETY ASPECTS

Acupuncture involves the insertion of, usually stainless
steel, needles into the body. Whilst it is often perceived by
the general public as ‘‘natural’’ and ‘‘safe,’’ along with many
complementary therapies, it is neither natural nor com-
pletely safe. As with any needling therapy the serious risks
are associated with the transmission of blood-borne infec-
tion, and direct trauma. Rampes and Peuker65 categorize
adverse events associated with acupuncture as follows:

� delayed or missed diagnosis;
� deterioration of disorder under treatment;
� pain;
� vegetative reactions;
� bacterial and viral infections
� trauma of tissues and organs;
� miscellaneous.
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If acupuncture is performed as a therapy by an orthodox
medical practitioner within his or her sphere of compe-
tence, the first two categories will be avoided.

Persistent pain attributed to acupuncture treatment is
rare, but temporary exacerbation of the presenting com-
plaint for a day or so is common.

Vegetative reactions include syncope and sedation.
Syncope can be largely avoided by treating patients lying

on an examination couch; however, very occasionally a
profound sinus bradycardia will result in loss of con-
sciousness of a patient who is lying down. In all such
anecdotal case reports heard by the author, the patient has
recovered spontaneously within a few minutes. Sedation
is relatively common, and occurs in perhaps 20 percent of
patients after their first two treatments. In maybe 5 per-
cent of patients there is always some degree of sedation

Figure 18.2 Some of the more common myofascial trigger point (TrP) sites (#) in the head and neck and their respective pain

patterns. The top left group (left to right) represents TrPs in semispinalis capitis and cervicis, rhomboids and trapezius. The top right

group (top down) represents TrPs in temporalis and masseter. The lower group (left to right) represents TrPs in splenius capitis and

cervicis, levator scapulae and sternocleidomastoid (sternal and clavicular heads).
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associated with acupuncture treatment. Sedation is rarely
seen as an adverse event by patients, and is only of con-
cern in terms of driving home or operating machinery
after treatment.

Apart from hepatitis B, infections associated with
acupuncture treatment are uncommon and avoided by
the use of sterile disposable needles and cleanliness.

Traumatic complications of acupuncture needling are
avoidable, and on occasion they have been fatal.66 White67

has performed a useful review of the range and incidence
of significant adverse events associated with acupuncture.
The most frequent serious adverse event in the West is
pneumothorax, and from prospective trials this is
estimated to occur at a rate of 1:250,000 treatments.67

Figure 18.3 Some of the more common myofascial trigger point (TrP) sites (#) in the back and hip girdle and their respective pain

patterns. The left-hand group (left to right) represents TrPs in piriformis and gluteus minimus. The top right group (left to right)

represent TrPs in iliocostalis lumborum, iliocostalis thoracis, and longissimus thoracis. The middle right group (left to right) represents

TrPs in multifidus at L1 and L5, and quadratus lumborum. The lower group represents TrPs in gluteus maximus (on the left of each

diagram) and gluteus medius (on the right of each diagram).
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POINT SELECTION

The two main themes in Western medical acupuncture
are dry needling of trigger points and segmental acu-
puncture. The latter is defined as the technique of need-
ling an area of the soma innervated by the same spinal
segment as the disordered structure under treatment.
Based on neurophysiological and clinical evidence,49, 50, 51,
52, 53, 54, 55 the main principle in point selection is to sti-
mulate the soma as close as is practical to the seat of the
pathology (without making it worse), or at least within
the same segment. Local trigger points, tender points, or
acupuncture points are chosen, and often these will
overlap so that the key point to stimulate is a trigger point
(which is tender by definition) at the site of an acu-
puncture point (see Figures 18.2, 18.3 and 18.4 for
examples of commonly used points, and Table 18.1 for

acupuncture point locations). If the key element of the
somatic pathology is a myofascial trigger point, this is
arguably the only point that it is necessary to treat. In
most other cases the analgesia afforded by local needling
may be enhanced by using one or more points at a dis-
tance from the pathology, in addition to the relevant local
points. Distant points are chosen because they stimulate
the appropriate segment, or because they are conveniently
located and known to generate strong needling sensation
(heterosegmental acupuncture). In individual cases point
selection may be modified by the need to avoid local
conditions:

� skin infection;
� ulceration;
� moles and tumors;
� varicosities;
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LI20

LI15

PC6

SI11

HT7

GB34

ST36

CV17

LR3

SP6

SP9

SP10

CV4

CV12

GB30

GV3

GV4

GV14

GB21

GB20

LI11

TE5

LU7

LI4

SI3

BL54/40

BL60KI3

ST25

BL23
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BL28

Figure 18.4 The point locations of 34 of the

most commonly used points in Western medical

acupuncture. Refer to Table 18.1 for detailed

descriptions of each point: location; angulation;

target structure; indications; cautions; and

innervation. Reprinted and modified with

permission from the British Medical Acupuncture

Society, BMAS Foundation Course Notes, 2007.
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Table 18.1 Acupuncture point locations.

Name Location of point Dermatome

Angulation of needling Target structure for needle Myotome
Indications Sclerotome

Yintang Midpoint between the eyebrows D Vi

Angulation: oblique inferior Target: procerus or periosteum M VII

Headache, hayfever, relaxation S Vi

Taiyang 1 cun posterior to the midpoint between the lateral end of the eyebrow and the lateral canthus of the eye D Vii

Angulation: perpendicular Target: temporalis M Viii

Headache, eye symptoms S Vii

LI20 In the nasolabial groove, level with the widest part of the ala nasi D Vii

Angulation: superiorly along groove Target: facial muscles M VII

Hayfever, nasal symptoms S Vii

GB20 Below the occipital bone, in the depression between trapezius and sternomastoid and above splenius capitis D C2/C3

Angulation: towards opposite eyebrow Target: semispinalis capitis M C1/C2

Headache, neck pain and stiffness S C1/C2

CAUTION – note the position of the vertebral artery
GB21 Midway between GV14 and tip of the acromion at the highest point of trapezius D C3

Angulation: tangential to ribs, posteriorly Target: upper trapezius M C3/C4

Headache, neck pain and stiffness, anxiety S n/a

CAUTION – note the proximity of the pleura between the 1st and 2nd ribs
GV14 Between spinous processes C7 and T1 D C4/C5/T1

Angulation: transverse Target: interspinous ligament M C8

Spinal neck pain, headache of cervical origin S C8

LI15 Anterolateral and inferior to the anterior tip of the acromion, in the groove between the anterior and middle fibers of deltoid D C4

Angulation: perpendicular Target: supraspinatus insertion M C5

Shoulder and arm pain S C5

SI11 1/3 down a line from the midpoint of the scapular spine to the inferior angle of the scapula D C4/T1/T2

Angulation: perpendicular Target: infraspinatus M C5/C6

Shoulder and arm pain S C5/C6

LI11 At the radial end of the antecubital crease, halfway between the biceps tendon and the lateral epicondyle D C5/C6

Angulation: perpendicular Target: ECRL M C5/C6

Lateral epicondylalgia, forearm pain; immunomodulation S C6/C7

TE5 On the dorsal surface of forearm, 2 cun proximal to wrist joint, between radius and ulna, and between extensor indicis and extensor pollicis longus D C6/C7/C8

Angulation: perpendicular Target: connective tissue plane M C7/C8

Local pain; strong point for central effects S C7/C8

PC6 2 cun proximal to the distal wrist crease, between the tendons of flexor carpi radialis and palmaris longus D C6/C8/T1

Angulation: oblique proximal Target: flexor digitorum superficialis M C7/C8

Nausea, carpal tunnel syndrome S n/a

CAUTION – note the position of the median nerve

(Continued over )



Table 18.1 Acupuncture point locations (continued).

Name Location of point Dermatome

Angulation of needling Target structure for needle Myotome
Indications Sclerotome

LU7 On the radial aspect of the radial styloid, 1.5 cun from the wrist crease, between the tendons of abductor pollicis longus and brachioradialis D C6

Angulation: proximal oblique Target: connective tissue space M C7/C8

Wrist and forearm pain S C6

HT7 On the ulnar end of the distal volar crease of the wrist, at the radial side of the tendon of flexor carpi ulnaris, between the pisiform and the ulna D C8/T1

Angulation: perpendicular Target: close to the ulnar nerve M C8

Classically used for anxiety and sedation S C8

CAUTION – the ulna artery and nerve are very close to this point
LI4 On the dorsal aspect of the hand, in the middle of the 1st web space, halfway along the second metacarpal bone D C6/C7

Angulation: perpendicular Target: 1st dorsal interosseous M T1

General point for pain; strong point for central effects S n/a

CAUTION – the radial artery is at the apex of the 1st web space
SI3 On the palmar aspect of the neck of the 5th metacarpal, in the tissue plane between the metacarpal neck and the hypothenar muscles D C8

Angulation: perpendicular Target: connective tissue plane M T1

Hand pain; also used for pain elsewhere especially spinal pain S C8

CV17 In the center of the sternum at the 4th intercostal space (level with nipples in a man)

Angulation: cranial oblique at 30 degree to the sternum Target: periosteum of the sternum or sternalis

D T5

M C8/T1 or T5

Chest pain; respiratory conditions
CAUTION – a sternal foramen occurs at this point in 10% of men and 4% of women; never needle perpendicularly

S T5

CV12 On the midline of the upper abdomen, midway between the umbilicus and the lower border of the body of the sternum D T8

Angulation: perpendicular Target: linea alba M T8

Upper gastrointestinal disorders, including nausea and vomiting S n/a

CAUTION – avoid needling through the abdominal wall
CV4 On the midline of the lower abdomen, 3 cun inferior to the umbilicus, and 2 cun superior to the pubic symphysis D T11/T12

Angulation: perpendicular Target: linea alba M T11/T12

Lower gastrointestinal, urological, and gynecological symptoms S n/a

CAUTION – avoid needling through the abdominal wall
ST25 2 cun lateral to the umbilicus, halfway between the umbilicus and the linea semilunaris (SP15)

Angulation: perpendicular or medial oblique Target: rectus abdominis

D T10

Abdominal pain; gastroenterological symptoms
M T10

S n/a

CAUTION – avoid needling through the abdominal wall
GV3 Between spinous processes L4 and L5 D T11/T12

Angulation: transverse Target: interspinous ligament M L4

Spinal pain S L4

GV4 Between spinous processes L2 and L3 D T9/T10

Angulation: transverse Target: interspinous ligament M L2

Spinal pain S L2

(Continued over )



BL23 1.5 cun lateral to the midline, level with the lower border of L2 D T10/T11

Angulation: oblique towards spine Target: erector spinae M T12/L1/L2

Back pain S L2

BL25 1.5 cun lateral to the midline, level with the lower border of L4 D T11/T12

Angulation: oblique towards spine Target: erector spinae M L2/L3/L4

Back pain S L4

BL28 Level with the S2 posterior foramen, or the lower aspect of the posterior superior iliac spine D S1/S2

Angulation: perpendicular

Back pain
Target: erector spinae or multifidus M L5

S S2

GB30 1/3 of the way from the highest point of the greater trochanter to the sacral hiatus D L2/L3

Angulation: towards symphysis Target: tensor fascia lata M L5/S1/S2

Hip girdle pain, back pain, leg pain, sciatica S L4/L5/S1

CAUTION – avoid direct needling of the sciatic nerve
GB34 In the depression just anterior and inferior to the head of the fibular D L5

Angulation: perpendicular Target: peroneus longus M L5/S1

Leg pain; general point for musculoskeletal pain S L5

CAUTION – avoid needling the common fibular nerve
ST36 3 cun inferior to the knee joint, 1 fingerbreadth lateral to the lower border of the tibial tuberosity, in the middle of the upper third of the tibialis anterior D L4/L5

Angulation: perpendicular Target: tibialis anterior M L4/L5

Knee pain, abdominal problems, strong point for central effects S L4/L5

SP10 2 cun proximal to the superiomedial border of the patella, in the center of vastus medialis D L3

Angulation: perpendicular Target: vastus medialis M L2/L3/L4

Knee pain (vastus medialis) S L3

SP9 In a depression inferior to the medial condyle of the tibia and posterior to the medial border of the tibia, at the same level as GB34 D L3

Angulation: perpendicular Target: connective tissue space M L2/L3/L4

Knee pain, gynecological and urological problems S L3

SP6 3 cun superior to the most prominent part of the medial malleolus, on the medial border of the tibia D L4/S1/S2

Angulation: perpendicular Target: flexor digitorum longus M S1/S2

Gynecological problems; strong point for central effects S L4/L5

BL54/40 On the popliteal crease midway between the tendons of biceps femoris and semitendinosus, in the connective tissue space between the heads of gastrocnemius D S1/S2

M S1/S2Angulation: perpendicular Target: connective tissue space

S n/aLocal pain, sciatica

CAUTION – note the popliteal artery and tibial nerve are deep to this point
BL60 In the depression midway between the lateral malleolus and the Achilles tendon D L5/S1

Angulation: perpendicular Target: connective tissue M L5/S1

Leg pain, Achilles tendon pain S S1/S2

KI3 At the level of the most prominent part of the medial malleolus, half way between it and the Achilles tendon D L4/S2

Angulation: perpendicular toward BL60 Target: connective tissue space M S2

Ankle problems; urogenital problems; strong point for central effects S n/a

LR3 On the dorsum of the foot, in the 1st metatarsal space, in a depression distal to the junction of the bases of the 1st and 2nd metatarsals D L4/L5

Angulation: perpendicular Target: 1st dorsal interosseous M S2/S3

Local pain; headache; abdominal problems; strong point for central effects S L5/S1

CAUTION – the dorsalis pedis artery is at the apex of the 1st metatarsal space

Cun, Chinese inch (a proportional measurement, e.g. the width of the interphalangeal joint of the thumb); I, ophthalmic; ii, maxillary; iii, mandibular divisions; V, trigeminal nerve.



or by the need to avoid regional conditions:

� lymphedema;
� anesthetic areas;
� hyperesthetic areas;
� ischemia.

As a general rule, therapeutic needling should be
performed in healthy tissue.

POINT LOCATION

Precise point location is not thought to be particularly
important from the Western neurophysiological per-
spective, apart from direct needling of trigger points in
some individuals. Intensity of the stimulus is thought to
be a more critical therapeutic factor. Despite this, there is
still considerable interest in the concept of specific acu-
puncture points, and so-called ‘‘point detectors’’ are
popular. These are devices that measure lowered skin
impedance. Lowered skin impedance has not been found
to correlate with traditional acupuncture points, and the
devices concerned probably do not give reliable or
reproducible results on the human skin surface.

NEEDLE TECHNIQUE

Sterile, single-use, disposable needles should always be
used. In most cases acupuncture needling involves sti-
mulation of muscle tissue. Needling of muscle produces a
characteristic sensation, often described as a dull, diffuse
ache, pressure, swelling, or numbness, which can be
referred some distance from the point of stimulation.
Needling of most other tissues of the soma, such as skin,
ligament, tendon, periosteum, and fascial layers, produces
relatively localized and often sharp sensations. If the aim
is to stimulate a point in muscle, a rapid insertion
through the skin and superficial layers minimizes dis-
comfort for the patient. Practitioners who are learning the
technique find that the use of an introducer facilitates a
rapid, often painless insertion. If an introducer is not
used, the practitioner will stretch the skin over the point
during insertion. Once through the skin, the needle
should be rapidly advanced to the desired position or
muscle layer, and is then stimulated by rotation back and
forth combined with a varying degree of ‘‘lift and thrust’’
(slight withdrawal and reinsertion) until the desired
sensation is achieved. If constant stimulation of the needle
is required, an electrical stimulator can be used. For the
latter technique, usually a minimum of two needles are
inserted and a specially designed electroacupuncture
device is used to deliver the electrical stimulus.

Dry needling of trigger points involves a very similar
procedure, although the practitioner will often lift and
thrust the needle to a greater degree with alteration of the
angle of insertion, aiming to hit the trigger point

precisely. When the needle directly impinges on the
trigger point, a local twitch is often seen or felt in the
associated band of muscle, and the symptoms derived
from that point are reproduced.

In clinical practice a wide variety of needling techni-
ques have been described. These range from superficial
needling to periosteal needling, with a variety of inter-
mediate depths in muscle. Superficial needling of acu-
puncture points is common in Japanese forms of
acupuncture, and Baldry68 describes a superficial needling
technique exclusively over trigger points. Periosteal
needling was first described by Mann,69, 70 although he, as
most Western practitioners who came after him, uses a
variety of techniques. As suggested above, muscle is the
most common site of stimulation. Depth and strength of
needling in this tissue ranges from brief, superficial sti-
mulation of the muscle surface to deep, repetitive intra-
muscular stimulation. The latter is not uncommon in
Chinese acupuncture, but is also promoted by some
practitioners in the West, in particular by Gunn,71, 72 who
targets motor points and paraspinal muscles.

Moxibustion, the burning of a herb (moxa: Artemesia
vulgaris; mugwort) on the handle of needles, or on its
own direct at points, is common in traditional practice,
however, the presence of smoke detectors limits its use in
most orthodox clinical settings. The most intense form is
known as scarification moxibustion. This involves direct
application of the burning herb onto the skin, which
causes a burn, and if repeated can result in sinus forma-
tion into deeper tissues. This is clearly a very intense
stimulus, and may have been used historically in the East
as a form of counterirritation in some cases of intractable
pain.

CLINICAL ASPECTS

There is a range of different responses to acupuncture
treatment, from no effect, in 5 or 10 percent of the
population, at one end, to profound analgesia and
improved well-being, in a similar proportion, at the other
end. Empirical observation suggests that about 70 percent
of the population have a useful response in primary care,
although this is likely to be 50 percent or less for the pain
population seen in secondary care. Patient selection will
clearly influence success, and a healthy patient with a
short-lived myofascial pain syndrome is much more likely
to have a beneficial outcome than a debilitated patient
with a chronic, ill-defined, and complex problem.

It is difficult to define a ‘‘dose’’ for acupuncture
treatment, because on many occasions a judicious single
needle insertion may have the same effect as ten or more
needles left in place for 20 minutes; and similar strength,
sequential treatments often have increasing potency in the
early stages of a course of treatment. Experimental work
does appear to support a type of dose–response rela-
tionship for sensory stimulation (Lundeberg, personal
communication, 1997), but it is unlikely to be linear, and
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it is likely to be dependent on both individual genetic and
environment factors.73 There is probably a stepwise
increase in potency of sensory stimulation down the
following list:

� superficial, heterosegmental needling with minimal
sensation;

� superficial, segmental needling with minimal
sensation;

� deep, heterosegmental needling with strong sensation;
� deep, segmental needling with strong sensation;
� deep, segmental needling with electrical stimulation

sufficient to cause muscle contraction.

Whilst acupuncture is likely to do more than simply offer
pain relief, the standard pattern of effect from treatment
is most easily appreciated in terms of analgesia. There
may be little or no effect after the first session, as the
practitioner will usually start with gentle treatment. This
is to avoid aggravating the complaint in those most sen-
sitive to needling. The initial response is seen within the
first 72 hours after treatment, and its onset is often not
perceived until the day after needling. Repeat treatments
are performed either bi-weekly or weekly, and the interval
can be lengthened with the response. Typically there is a
progressive increase in the quality and duration of the
effect following repeated sessions, and in chronic pain
states, symptom control can be maintained for some
patients with relatively infrequent treatments, perhaps
every four to six weeks, or sometimes longer.

SUMMARY

Needling therapies have been applied to the treatment of
pain disorders for thousands of years, and the techniques
used today probably do not differ dramatically from those
applied to Ötzi in 3200BC. Empirical evidence suggests
that direct needling of trigger points is probably the most
valuable needling technique, but definitive research to
establish the specific action of the needle is still sought.
All doctors who treat musculoskeletal dysfunction would
find needling of trigger points and segmental acupuncture
useful, but adequate knowledge of anatomy and infection
control procedures is essential.
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KEY LEARNING POINTS

� The role of the physical therapist is to form a close

partnership with patients, help patients set and attain

self-directed goals at activities and participation level,

and teach patients self-management skills.
� For assessment of a patient with chronic pain, the

International Classification of Functioning, Disability and

Health (ICF) framework is recommended.
� There is evidence for the efficacy of education, exercise,

and cognitive–behavioral treatment. Passive modalities

should only be used in conjunction with active

treatment.
� Patients’ beliefs influence treatment outcomes.
� Therapists’ beliefs influence treatment.
� Patients should set measurable, realistic goals so that

treatment can be time-limited and have an observable

end point.

INTRODUCTION

To address the biopsychosocial nature of the problem of
chronic pain, patients are ideally treated by an inter-
disciplinary team approach. As a result of this holistic
approach, the interdisciplinary pain rehabilitation team
consists of a diversity of health workers: physicians, psy-
chologists, physical and occupational therapists, social
workers, and nurses. In addition, the patient has an
important role in his/her own treatment as an educated
and active participant. Within this multidimensional
focus of treatment, physical therapy emphasizes the per-
formance of daily activities. Physical therapists help
patients address and overcome physical and psychological
obstacles, return to activities, and achieve personal goals.1

To achieve this, a comprehensive assessment of factors
that may influence physical functioning is needed, and
patient-centered, evidence-based physical rehabilitation
focused on regaining optimal activity and participation
levels.

In evidence-based practice, clinical decisions must
include consideration of, first, the patient’s clinical, phy-
sical, and psychosocial circumstances to establish what is
wrong and what treatment options are available. Second,
the latter need to be tempered by research evidence
concerning the efficacy, effectiveness, and efficiency of the
options. Third, given the likely consequences associated
with each option, the clinician must consider the patient’s
preferences and likely actions (in terms of what inter-
ventions she or he is ready and able to accept). Clinical



expertise is needed to bring these considerations together
and recommend a treatment that the patient is agreeable
to accepting.2 Accordingly, it is important to identify
patient expectations at the initial visit to prevent dis-
appointment with referrals to pain management.

THE PATIENT’S CLINICAL, PHYSICAL, AND
PSYCHOSOCIAL CIRCUMSTANCE

The purposes of a physical therapy evaluation are to
exclude serious acute conditions (red flags), signal psy-
chosocial ‘‘yellow flags’’ risk factors, establish a baseline
from which to plan and begin interventions, assist in the
selection of appropriate interventions, and evaluate the
efficacy of interventions. To establish a baseline, a
thorough inventory of all factors contributing to a
patient’s perceived level of disability is important. The
International Classification of Functioning, Disability
and Health (ICF) provides a holistic model that iden-
tifies three concepts described from the perspective of
body systems, the individual, and society. Within the
context of health, the ICF defined ‘‘bodily functions
and structures’’ as physiological functions of body sys-
tems or anatomical elements, such as organs, limbs, and
their components. ‘‘Activity’’ is defined as the execution
of specific tasks or actions by an individual, while
‘‘participation’’ is envisioned as encompassing involve-
ment in a life situation. In the ICF, ‘‘functioning’’ refers
to all body functions, activities, and participation. Dis-
ability is the person’s health condition (impairment,
activity limitation, and participation restrictions) and
contextual factors. Contextual factors are provided
within the ICF framework, consisting of external envir-
onmental factors (such as significant others, employers,
medications, and health-care providers) and personal
factors (such as age, education, income, worry that
activity will exacerbate pain, or injury resulting in
avoidance of activity to prevent anticipated negative
consequences).

Within the activity and participation classification of
the ICF, a patient’s inherent capacity to perform actions
within a domain and actual performance in his or her
environmental context can be separated.3 Capacity refers
to the environmentally adjusted inherent ability of the
individual, or in other words, the highest probable
functioning of a person in a given domain at a given
point in time, in a standardized environment. Capacity
can be measured by physical tests or by questionnaires
that ask ‘‘can you?’’ Performance describes what a
person actually does in her or his current environment
and thus describes the person’s functioning as observed
or reported in the person’s real-life environment with the
existing facilitators and barriers.4 Performance can be
measured by direct observation. As this is often highly
impractical, self-report measures can be substituted that
ask ‘‘do you?’’

The ICF model provides a useful framework for the
selection of appropriate measurement tools to complete
the patient’s health profile. The health profile should
include sociodemographic information, medical diag-
nosis, patient goals, symptoms and signs, the develop-
ment and course of symptom and signs, previous
episodes and treatment results, impairments, current level
of activities and activity limitations, current level of
participation in society and participation restrictions,
environmental and personal factors. The relationships
between these variables is then mapped out to arrive at a
treatment plan. If, for instance, it appears from the health
profile that a patient’s activity limitations could, in large
part, be determined by psychological factors, such as
catastrophizing and fear avoidance, then these factors
need to be targeted in treatment if the patient’s goals
include increasing his/her activity level. An overview
of the assessment and measurement is provided in
Table 19.1.

The use of measurement instruments for each of these
domains will objectify patient information and is highly
recommended. Pain assessment is discussed in Chapter 3,
Selecting and applying pain measures. In addition, phy-
sical therapists focus on the interference of pain with
activities and participation; the number of hours lying
down because of pain during a day, activities of daily
living such as housework, grocery shopping, getting
around in the community, recreational and social activ-
ities, and ability to do work and sleep. Significant others,
such as partners, parents, and children, may influence the
patient’s activity and participation levels in helpful and
unhelpful ways.

Table 19.1 Measurement of International Classification of

Functioning, Disability and Health domains.

ICF domain Measurement

Impairments Patient history (pain variables)

Physical examination

Diagnostic tests

Questionnaires (depression/anxiety)

Activities Patient history

Capacity

Performance

Questionnaires – (can you?)

Functional tests

Patient history

Questionnaires (do you?)

Observation daily activities

Participation Patient history

Questionnaires

Environmental factors Patient history

Questionnaires

Personal factors Patient history

Questionnaires
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Impairments

First, diagnostic procedures based on both history taking
and physical examination should focus on the identifi-
cation of potentially serious ‘‘red flag’’ conditions that
require prompt medical evaluation. Physical impairments
can be assessed through the traditional rehabilitation-
oriented physical examination of joint range of motion
(ROM), strength, neurological integrity, and gait. Aerobic
fitness can be estimated from submaximal bicycle erg-
ometer tests or measured using a treadmill test.5 The
main objective is to determine whether there is a rela-
tionship between pain reports and objective physical
findings, or whether the patient presents with intractable
pain (chronic pain syndrome). The latter group often
presents with a discrepancy between objective findings
during physical examination and their reported disability
level in daily functioning. In the first group, rehabilitation
might focus more specifically on impairments related to
pain that interfere with the ability to function, while in
the latter case rehabilitation might focus on improv-
ing physical functioning in general and have a more
significant behavioral approach.

Activity limitations

Unfortunately, there are no perfect measures of activity
limitations. Comparison measures include both ‘‘sub-
jective’’ measures (based on self-report, usually ques-
tionnaires) and ‘‘objective’’ measures (based on direct
measurement). Self-report measures can be self-
administered or interviewer-administered, both in person
or on the telephone. Self-reported status often involves
outcomes of most relevance and importance to patients
and their loved ones because they capture patient
experience and perspective.6 However, self-report of
activity limitations can reflect a difference between how
patients function and how they believe they function,
resulting in a different reported activity limitation level
compared to the actual observed active behavior.7 In an
experimental setting, it appears that patients in pain
especially have difficulties judging their own perfor-
mance.8 In addition, there may be a discrepancy between
what patients actually do (performance) and what they
are capable of doing (capacity). Relatively few comparison
studies have been performed between self-report and
objective measures. The studies that are available seem to
indicate a gap between self-report and objective mea-
surement.9, 10

In rehabilitation practice, there is a tendency to use
objective as well as self-report measures to assess activity
limitations. Objective measures include functional tests,
markers of movement (accelerometers), and observed or
videotaped activity (direct observation).

For a further exploration of a patient’s activity lim-
itations, addressing changes in the level of physical

activity over time will result in additional information.
Some patients with pain report a physical activity level
that fluctuates dramatically over time in reaction to pain.
These patients are likely to persevere until increasing pain
prevents further activity, then rest completely until the
pain subsides or frustration over inactivity stimulates
resumption of activity. Subsequently, they persevere again
until increasing pain hinders further activity.11 Murphy
et al.12 referred to this as ‘‘all or nothing’’ behavior, which
has been observed in many chronic pain patients. Ade-
quate registration of changes in the activity level over time
could provide insight in the way in which a patient tries
to cope with the limitations in daily life.

In addition to the above-mentioned exploration of
daily activity limitations, physical performance can be
evaluated by functional testing to complete the assessment
of physical functioning. Two sets of functional tests that
have been used in a chronic pain population include the
Back Performance Scale13, 14 and the physical performance
test battery.15 The Back Performance Scale is a condition-
specific performance measure of activity limitation in
patients with back pain. It includes five tests of daily
activities requiring mobility of the trunk: sock test, pick-up
test, roll-up test, fingertip-to-floor test, and lift test. This
test is reliable, valid, and discriminative ability and
responsiveness to important change have been demon-
strated.13, 14 The physical performance test battery is a
generic test battery that includes nine physical perfor-
mance tests: the time taken to complete various tasks (e.g.
picking up coins, tying a belt, reaching up, putting on a
sock, standing from sitting, a 50-foot fast walk, a 50-foot
walk at preferred speed), the distance walked in six min-
utes, and the distance reached forward while standing. The
test battery is reliable and has discriminant ability.

A number of studies have shown that self-report
and functional tests, although related, appear to tap into
different aspects of the activities domain.16 For instance,
patients with chronic low back pain (CLBP) showed
considerable differences in limitations when compar-
ing self-report, clinical examination, and functional
testing for assessing work-related limitations. Profes-
sional health-care workers should be aware of these
differences.17, 18

Participation restrictions

Participation restrictions are problems an individual may
experience in involvement in life situations, meaning the
social environment. Employment, community life, travel,
recreation, and leisure activities are frequently assessed as
an important part of patient functioning. Many ques-
tionnaires contain items on these domains and can be
used to objectify the extent of participation restrictions.

An example of a questionnaire which specifically
addresses the level of participation in society is the Impact
on Participation and Autonomy (IPA) questionnaire.19
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Environmental factors

Common environmental factors measured in patients
with chronic pain include medication use, living envir-
onment (house, apartment, stairs, etc.), physical aids and
appliances, attitudes of immediate family (e.g. solicitous
spouse,20 work tasks, and work environment). Attitudes
of healthcare providers belong here too and may have a
significant impact on treatment outcome (see below
under Clinical expertise). The ICF core set for chronic
widespread pain includes a number of these items.21

Personal factors

Yellow flags are risk factors associated with chronic pain
or disability22, 23 and have a significant psychosocial
predominance. Examples include negative coping strate-
gies, poor self-efficacy beliefs, catastrophizing, fear-
avoidance behavior, and distress. A questionnaire, based
on screening on yellow flags that can be used to identify
patients in the (sub)acute phase of pain, having a high
risk for future disability and sick leave, is the Orebro
Musculoskeletal Pain Screening Questionnaire.24 Psycho-
logical screening by means of history taking has shown to
have low sensitivity and predictive value for identifying
distressed patients, thus formal screening of some sort,
such as with a questionnaire, is recommended.25 Psy-
chosocial factors contributing to a patient’s disability level
in pain that can be assessed by a questionnaire are, for
instance, fear of movement (Tampa Scale of Kinesio-
phobia26) or catastrophizing.27

RESEARCH EVIDENCE

Many treatment modalities in physiotherapy and reha-
bilitation treatment address chronic pain.28 However, not
all treatment concepts are evidence-based. Below we
attempt to outline what is currently known about the
(in)effectiveness of different treatment modalities.

Education

Education on both the complexity of pain and the holistic
treatment approach appears quite important to patients
with chronic pain and may be considered a precondition
for pain management success. A number of studies have
shown that most patients expect an explanation or an
improved understanding of their pain problem, a clear
diagnosis of the cause of their pain, information, and
instructions. Patients expect confirmation from the
healthcare provider that their pain is real.29, 30 For
patients attending pain clinics, the explanation of their
pain problem is rated as important as the cure or relief of
their pain.29 Unfortunately, the underestimation of
patients’ ability to understand currently accurate infor-
mation about the neurophysiology of pain represent

barriers to reconceptualization of the problem in chronic
pain within the clinical and lay arenas.31 However,
patients are quite capable of understanding the com-
plexities of pain if explained well. The main goals of
education are reassurance and empowerment. It is
important that patients understand the holistic approach
of the treatment of chronic pain. Studies that have
employed an approach to education that emphasizes the
cognitive, behavioral, and neurophysiological aspects of
chronic pain have reported reduced disability, reduced
healthcare utilization, normalization of pain cognitions,
and increased self-efficacy.

Exercise

Clinical trials have provided strong evidence for the effi-
cacy of muscle conditioning and aerobic exercise to lessen
symptoms in people with osteoarthritis of the knee.32, 33,
34 Others have reported that exercise is an important tool
for reducing pain, stiffness, and joint tenderness in
rheumatoid arthritis35, 36 and fibromyalgia syndrome
patients.37 Exercise has been shown to be effective for
short-term pain relief in patients with rotator cuff disease,
and provides a longer-term benefit with respect to daily
functioning measures.38 Exercise may be helpful for
patients with CLBP, enhancing return to normal daily
activities and work.39, 40 Supervised exercise therapy that
consists of individually designed programs, including
stretching or strengthening, may improve pain and
function in chronic nonspecific low back pain.41

There is strong evidence that exercise therapy and
multidisciplinary treatment programs are effective in
chronic low back pain and moderate evidence that non-
steroidal anti-inflammatory drugs, back schools, and
behavioral therapy are effective in CLBP.42 Physical con-
ditioning programs that include a cognitive–behavioral
approach plus intensive physical training (specific to the
job or not) that (1) includes aerobic capacity, muscle
strength, endurance, and coordination; (2) are in some way
work-related; and (3) are given and supervised by a physical
therapist or a multidisciplinary team, seem to be effective
in reducing the number of sick days for some workers with
chronic back pain, when compared to usual care.43

Guzman44 performed a Cochrane review on the effi-
cacy of multidisciplinary treatment of chronic back pain
and concluded there was strong evidence that intensive
multidisciplinary biopsychosocial rehabilitation with a
functional restoration approach improved function when
compared with inpatient or outpatient non-
multidisciplinary treatments. There was moderate evi-
dence that intensive multidisciplinary biopsychosocial
rehabilitation with a functional restoration approach
improved pain when compared with outpatient non-
multidisciplinary rehabilitation or usual care.

In summary, exercise therapy encompasses a hetero-
geneous group of interventions and although the
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previously cited studies found positive effects of exercise
on pain and function, at the moment the most effective
exercise approach is still unknown. In most studies there
were insufficient data to provide useful guidelines on
optimal exercise type or dosage, although some evidence
exists that patients with a poorer prognosis for return
to work may benefit from more intensive treatment.
Haldorsen et al.,45 for instance, showed that patients with
poor prognosis for return to work returned to work
at significantly higher rates when treated with a more
intense multidisciplinary treatment program. On the
contrary, patients with good return to work prognosis
benefited equally from ordinary treatment as multi-
disciplinary treatment. Patients thus do not all benefit
from the same exercise program. Exercise programs
therefore need to be individually designed and tailored to
the individual needs of the patient.

Passive modalities

At the moment, there is only little evidence that supports
the use of passive modalities in the treatment of patients
with chronic pain. Spinal manipulative therapy has no
statistically or clinically significant advantage over general
practitioner care, analgesics, physical therapy, exercises, or
back school in patients with CLBP.46 Massage, on the
other hand, might be beneficial for patients with subacute
and chronic nonspecific low back pain, especially when
combined with exercises and education.47 Locally applied
thermal treatments (ice and heat packs) are commonly
used in painful conditions and can be easily applied by
the patient at home. There is no evidence to demonstrate
that treatment by a practitioner is better than treatment
by patients themselves. The evidence base to support the
common practice of superficial heat and cold for low back
pain is limited. There is insufficient evidence to evaluate
the effects of cold for low back pain and conflicting evi-
dence for any differences between heat and cold for low
back pain.43 Temperature modalities should rarely be used
alone, but rather in conjunction with appropriate exer-
cises, such as stretching, for increasing range of motion
and for strengthening.48

The evidence base to support the common practice of
superficial heat and cold for low back pain is limited.
There is moderate evidence in a small number of trials
that heat wrap therapy provides a small short-term
reduction in pain and disability in a population with a
mix of acute and subacute low back pain, and that the
addition of exercise further reduces pain and improves
function.43

Behavioral approaches

Operant behavioral therapy (OBT) refers to the group of
interventions focused on the observed behavior of a

patient. In the operant model, the reinforcing role of
social and environmental factors in the development and
maintenance of pain through observed pain behaviors is
identified with the behaviors themselves being targeted
for intervention. OBT techniques include pacing and
graded activity (quota setting), positive reinforcement of
‘‘well’’ behaviors, and scheduling and tapering of pain
medications. Cognitive–behavioral therapy (CBT) is
directed towards changing patients’ maladaptive respon-
ses to chronic pain by examining and posing alternatives
to the thoughts, attitudes, and beliefs underlying them, as
well as by encouraging the acquisition of new coping skills
and techniques to take their place. The focus of CBT is on
self-control and self-regulation.49 It is still unknown what
type of patients benefit most from what type of behavioral
treatment, although a number of systematic reviews have
demonstrated efficacy of behavioral treatment in patients
with chronic pain.50, 51, 52, 53 Recent evidence in patients
with fibromyalgia suggests that OBT physical impairment
responders display significantly more pain behaviors,
physical impairment, physician visits, solicitous spouse
behaviors, and level of catastrophizing compared with
nonresponders. The CBT physical impairment respon-
ders, compared with nonresponders, reported higher
levels of affective distress, lower coping, less solicitous
spouse behavior, and lower pain behaviors.54 Patients
receiving OBT or CBT reported a significant reduction in
pain intensity following treatment. In addition, the CBT
group reported statistically significant improvements in
cognitive and affective variables and the OBT group
demonstrated statistically significant improvements in
physical functioning and behavioral variables, compared
with the control group (unstructured discussion).55

Although OBT tends to be part of the standard repertoire
of the physical therapist, CBT is not. Several studies
suggest that brief training in CBT techniques may not be
enough to bring about clinically significant change.56, 57

For nonbehavioral therapists to incorporate CBT aspects
into their treatment delivery with only a brief training
program may not be realistic.57 Although multi-
disciplinary programs have shown effectiveness in
patients with chronic pain, which component is most
effective and whether combining treatment approaches
has a summative effect remains obscure. For example, in a
recent study, Smeets et al.58 studied the effectiveness of
three rehabilitation interventions: an active physical, a
cognitive–behavioral, and a combined treatment for
nonspecific CLBP. The three interventions were compared
to each other and to a waiting list control group. All three
active treatments were effective in comparison to no
treatment, but no clinically relevant differences between
the combined and the single component treatments were
found. For a subgroup of patients, those with a high level
of pain-related fear, exposure in vivo treatment shows
promising results.59 In this treatment, patients are chal-
lenged to actually perform physical activities which they
believe will harm them. Most of the time exposure
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treatment is performed in combined therapy with a
physical therapist and a behavioral therapist. At this
moment, most studies addressing the effect of exposure
are only based on a small number of patients in a single
case design.60 Further research to confirm the effective-
ness of exposure to in vivo treatment in chronic pain is
warranted.

Self-management programs

The evidence regarding the effectiveness of self-
management programs in reducing pain and disability is
growing. To decrease the negative impact of chronic pain
on functioning and health-related quality of life, patients
must adopt self-management skills. For a good colla-
boration between the physical therapist and the patient,
the patient must at least be planning to take an active
orientation towards self-management and the therapist
should support and encourage this. Positive results on
health-related quality of life outcomes (self-reported,
health distress, disability, activity limitation, global health,
pain, and fatigue), health behaviors (practice of mental
stress management, stretching and strength exercise,
aerobic exercise), self-efficacy, and health-care utilization
(physician visits and hospitalizations) have been reported
with self-management programs.61

PATIENT’S PREFERENCES AND LIKELY ACTIONS

Increasingly, there is evidence that patient beliefs play a
considerable role in treatment outcome. For instance, a
patient who is looking for pain relief only and insists on
medication management as the sole treatment for the
pain is unlikely to be compliant with a rehabilitation
program. As a result of this, a pretreatment evaluation of
a patient’s readiness for behavior change is essential. The
stages of change model, presenting five different stages of
readiness for behavioral change, seems to offer a tool to
assess this.62 Patients in the precontemplation stage are
not motivated to adopt self-management skills; patients
in the contemplation stage think about it and may see a
reason to change; patients in the preparation stage are
planning to change and are already trying some (parts) of
the skills; patients in the action stage are actively learning
to engage in self-management, whereas patients in the
maintenance stage keep on working to stabilize the new
behavior pattern. Further research to the applicability of
this model in chronic pain is still warranted, however.

To enhance patients’ perception of the importance of
pain self-management and increase self-efficacy, motiva-
tional interviewing techniques can be used.63 To win the
collaboration of patients and their families further, physical
therapists need to negotiate and agree on a definition of the
problem they are working on with each patient (what goals
are we going to work on?) The patient and therapist must

then agree on how to achieve the goals (how are we going
to work on the goals?) Studies have shown that high
patient expectations about certain kinds of treatment may
influence clinical outcome independently of the treatment
itself.64 In one study, patients who preferred one type of
treatment and received another actually got worse during
treatment.65 Return to work or vocational rehabilitation
should be part of the treatment plan when appropriate. A
directive return to work approach has been shown to be
successful in patients with chronic pain.66

CLINICAL EXPERTISE

The physical therapist should have the following.

� A dynamic, multidimensional knowledge base that is
patient-centered. The focus of pain management is to
help patients regain control over their lives by active
participation in their pain management program and
independent management of their pain. To achieve
this, an active partnership is needed between the
patient and the therapist.

� A clinical reasoning process that is embedded in a
collaborative, problem-solving venture with the
patient. Like other patients, patients with chronic
pain want a confidence-based association that
includes understanding, listening, respect, and being
included in decision-making.30

� A central focus on movement assessment linked to
patient function. Patients with chronic pain are not a
homogeneous group and there is no magic bullet
that fits all. Because each patient has a unique set of
circumstances, psychosocial issues, and physical
findings, treatment is individualized and based on
the comprehensive assessment of the patient and the
patient’s individual goals.

� Consistent virtues seen in caring and commitment to
patients as has been shown to be central to expert
physical therapy care.67

Not only do patients bring expectations about treatment,
providers do as well. Treatment decisions are often based
on the beliefs of the provider. It has been shown that
providers who scored high on biomedical orientation
were more likely to use a pain-contingent treatment
approach and focus on ‘‘curing’’ impairments.68 Providers
who scored high on biopsychosocial orientation were
more likely to use a time-contingent treatment approach
and focus on increasing activities. Linton et al.69 con-
cluded that some practitioners hold beliefs reflecting fear
avoidance that may influence treatment practice. Their
findings were recently studied by Coudeyre et al.,70 con-
firming that provider fear-avoidance beliefs about lower
back pain negatively influence their following guidelines
concerning physical and occupational activities for
patients with lower back pain.
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ACHIEVEMENT OF PATIENT GOALS

During treatment, the use of goal-setting charts is recom-
mended. Goals must be measurable so that treatment can
be time-limited and have an observable end point to pre-
vent confusion and disappointment on both sides. Having
a definite end point increases patient adherence and pro-
vides a framework for the patient and the treatment team
in which to achieve goals. A treatment contract that
includes goals, the intensity and frequency of treatment and
expected compliance with treatment can be helpful.

Return to a pain-free state is a good example of an
unrealistic goal. Common (realistic) goals are associated
with a reduction of the impact of pain on the patient’s life
(i.e. increased level of activities and participation), inde-
pendent pain management, and the attainment of func-
tional goals. Examples of functional goals are being able
to walk for one hour, sitting through a meal or a movie,
being able to carry and lift a certain amount of weight,
playing with the children, going out with the family, and
being able to perform essential job components. Patients
set a target for activities each week, record their
achievements on the chart, note the nature of any diffi-
culties and how these will be tackled next time, and make
other comments. Patients may comment on their per-
formance or on the appropriateness of the goals they had
set. In this manner, they can monitor their progress and
improve their accuracy in goal setting. Goal attainment
scaling, a technique to objectify and evaluate the
achievement of patient-specific goals for treatment, can
be used to evaluate treatment outcome in both clinical
practice and research.71 A second method to objectify and
evaluate patient-specific treatment goals is the Canadian
Occupational Performance Measure (COPM),72 a generic
tool to be used in conjunction with the visual analog scale
(VAS) to facilitate comparison with other patients is
recommended. Generic and disease-specific measurement
tools have been developed over the past decades, many of
which are discussed in Chapter 3, Selecting and applying
pain measures. Evaluative or outcome measures, used at
baseline, can help determine treatment efficacy.

FOLLOW UP AFTER TREATMENT

Limited information is available on the effect of planned
follow up after interdisciplinary treatment. Planned fol-
low up can be undertaken on an individual basis or in
group settings, and serves to prevent crisis management.
To date, there is no evidence as to the optimal frequency
or duration of follow-up visits.

CONCLUSIONS

The assessment and treatment of patients with chronic
pain is a challenging task that is best performed in an

interdisciplinary team setting, since both biomedical and
psychosocial aspects related to the pain problem have to
be addressed. The collaborative goal of the team (which
includes the patient) is to significantly increase the per-
formance of daily activities regardless of pain and
increase patients’ self-reported ability to cope with pain.
The role of the physical therapist is to form a close
partnership with patients, help patients set and attain
self-directed goals at activities and participation level,
and teach patients self-management skills. Ultimately,
patients should become experts in managing their
own chronic pain in order to enjoy the best quality of
life possible.
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KEY LEARNING POINTS

� Manual therapy is a treatment widely used for

musculoskeletal pain and pain-related disability.
� Manual therapy assessment techniques can provide

accurate details of patients’ physical impairments and

disability that can be addressed in a multidimensional

management package.
� Manual therapy can be easily integrated into a

multidimensional biopsychosocial model and approach.

� The chapter reviews the challenges in reasoning that

are required for this integration and shifts the emphasis

to a focus on central nervous system (CNS) processing

changes that occur, rather than changes isolated in the

tissues for the treatment of pain.
� The main emphasis is that manual therapy needs to be

viewed as a potential component in management rather

than being a centrally placed modality.

INTRODUCTION

Historically, manual medicine provides some of the oldest
documented accounts of treatments for pain. It seems
that a caring touch has always helped. Many manual
therapy techniques continue to occupy a central and
integral part of the clinical approaches adopted by many
physiotherapists, osteopaths, and chiropractors. Although
not exclusively the domain of these professions, most of
the manual medicine carried out in western society today
is provided by these three groups.

More recently, pain science has amassed substantial
evidence outlining the biopsychosocial nature of pain.1, 2,
3, 4 From this, a body of knowledge has emerged that sheds
light on some of the mechanisms by which manual therapy
may act to produce pain relief.5, 6, 7 Interestingly, but

perhaps unsurprisingly, this evidence indicates that the
efficacy of manual therapy appears to be largely mediated
by neurophysiological mechanisms and not via the cor-
rection of mechanical dysfunction, as is so often postu-
lated by many traditional manual therapy theories.8, 9, 10, 11

MANUAL MEDICINE DEFINED

Manual medicine techniques can be broadly categorized
into the following groups.

� Joint mobilizations, which are ‘‘passive movements
performed in such a way that at all times they are
within the control of the patient so that the patient
can prevent the movement if they so choose.’’9



� Joint manipulations are small high velocity
movements that force a joint beyond its presumed
physiologic barrier and up to its anatomical barrier.
Manipulation often produces an audible click or
crack.12

� Massage techniques are usually applied to soft
tissues such as skin, ligaments, tendons,
and muscles, without causing movement or change
of joint position.12 Examples of common
massage techniques used to treat pain include
effleurage, kneading, petrissage, transverse or
deep friction massage, and connective tissue
massage.

Manual therapy is also characterized by a large variety of
physical testing procedures whose sensitivity and speci-
ficity in relation to diagnostic inference (anatomy,
biomechanics, and pathology) is questionable and needs
urgent scrutiny.13, 14, 15, 16 However, these same physical
tests, regardless of hypothetical notions about the
viability of the tissues they purport to test, reveal
therapeutically useful observations and findings that
can often be successfully addressed in treatment and
management.

ASSESSMENT AND EXAMINATION

It should be emphasized that part of the training for
manual therapy practitioners usually involves the acqui-
sition of a high level of subjective and physical exam-
ination skills specific to inculpating or exculpating serious
injury or pathology (i.e. assessment of red flags2, 17).

In response to the evidence surrounding the biopsy-
chosocial nature of pain, manual medicine practitioners
are starting to undertake additional training enabling
them to assess for relevant psychosocial factors known to
influence human pain states and predict outcome.1, 2

Since psychosocial factors are now seen to be critical
in modulating pain and influencing future disability,
it is recommended that a full or modified psychosocial
(yellow flag) assessment is always performed when
initially examining all patients presenting with pain.8

This not only flags those at risk of chronicity (which in
itself may be an indicator for not doing manual therapy),
but also allows vital psychosocial information to be
entered into the clinical reasoning process alongside the
findings gleaned from the physical examination proce-
dures. The aim is to embrace best evidence and en-
courage a necessary shift for manual medicine away
from untenable one-dimensional biological models,1, 2, 4, 6

towards a much fuller integration of biopsychosocial
factors.

A careful and comprehensive physical assessment of
the patient is fundamental to the successful prescription
of manual medicine interventions. When combined with

information from the clinical history, manual therapy
physical assessment tests can do the following.

� Help to find out, or hypothesize about, what is
wrong in relation to the pain complaint.

� Help the practitioner make decisions about whether
the musculoskeletal tissues involved are safe to start
being loaded for a graded return to normal
movement and function.

� Reveal a series of physical impairments and
functional restrictions that can be addressed in the
treatment and management process.

� Reveal the patient’s level of physical confidence,
physical capacity, and physical performance. It is
emphasized that both physical and psychological
components are always involved.

� Reveal a great deal of information about the patients’
pain and its behavior and the extent of sensitivity
involved.

� When used alongside nonthreatening explanations
of the physical findings, a physical assessment
provides a great deal of reassurance to the anxious
patient.

Examples of physical tests include:

� simple active movements, passive movement and
handling of limbs and joints through their available
ranges;

� resisted tests for muscle power and willingness to
move and tense against resistance;

� tests of joint play (accessory movement), palpation of
anatomy and structural deformity, palpation in order
to explore the regions of increased sensitivity;

� physical tests of peripheral nerve sensitivity and
extensibility (e.g. the straight leg raise in the lower
limb and the various upper limb neural tension tests
in the arm).18, 19

CASE HISTORY: MANUAL MEDICINE WITHIN
THE CONTEXT OF THE BIOPSYCHOSOCIAL
MODEL

In order to demonstrate how the appropriate use of
manual medicine can assist with the management of
patients with painful neuromusculoskeletal conditions,
we can consider the following case history.

John is a 42-year-old self-employed engineer who
owns and runs a small engineering company. His work
involves both assessing and costing engineering work and,
to a lesser degree, working on-site with his team of
engineers. He lives with his wife and their two children
aged eight and six years. His interests include cycling,
skiing, scuba diving, and hill walking.

He described low back pain beginning insidiously five
weeks prior to attending clinic. Two weeks after it began,
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the pain became far more severe, radiating into his left
buttock and over the posterior aspect of his left leg
spreading distally to the level of his ankle. He also
described numbness over the left buttock and at the
lateral border of the left foot and lateral two toes
(Figure 20.1).

Nine days before he presented in clinic, he had
called his family doctor out after collapsing in pain at
home. His doctor prescribed ibuprofen, paracetamol,
and diazepam and recommended physiotherapy. At this
juncture he had been unable to attend work for a
week because of constant pain, which made it impos-
sible for him to sit, stand, or walk for any significant
length of time. He had not ventured beyond his home
and reported high levels of pain that would wake him
from sleep every two to three hours. This compelled
him to get out of bed and walk for a few minutes
which occasionally eased his pain enough to allow him
to get back to sleep. He was spending most of each
day resting on the settee at home, getting up occa-
sionally to walk for a few minutes spurred on by
increasing pain. He had not been participating in nor-
mal family life, was avoiding driving on the school run,
going swimming or playing football with his children,
and believed that these activities would cause more
damage to his back.

Psychosocial factors

A yellow flag assessment was carried out using the stan-
dard A, B, C, D, E, and F format.1, 2 This included the
findings shown in Table 20.1.

Physical examination

During the physical examination, it became apparent that
John was apprehensive about full weight bearing through
his left leg, standing with his left hip and knee partially
flexed creating a compensatory thoracolumbar scoliosis
convex to the left. All lumbar spine movements were slow
and very tense. There was a marked limitation into
extension and moderate limitation of flexion; both of
these movements increased lower back and left leg pain.
End of range right and left side-flexion also increased his
leg pain. During the assessment of his spinal movement
he was viewed from the front as well as behind so that
both visual and verbal communication could be main-
tained to assist with gathering information about his
thoughts and feelings towards the movements being tes-
ted. This facilitated both the assessment of his range of
movement and additional visual appraisal of his level of
fear or confidence when performing each movement.
Deep tendon reflexes revealed a sluggish response at the
left ankle grading 11. Selective neural tension tests
applied to the left sciatic nerve revealed a painful response
to the slump test, which elicited increased left leg and low
back pain during the left knee extension component of
this maneuver and straight leg raise (SLR),18, 19 which was
painful and limited to 201 as compared to 601 on the
contralateral side. Manual muscle tests indicated marked
weakness of the left knee flexors (grading 3) and weakness
of the big toe extensors, ankle dorsiflexors, and evertors
(grading 4). Skin sensation was diminished over the left
L5/S1 dermatomes. Modest palpatory pressures over L3,
4, and 5 elicited pain and spasm locally and increased the
pain in his left calf. Further surface palpation over the

Constant
severe
ache

Intermittent
numbness

Figure 20.1 Body chart.
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route of the left sciatic nerve trunk (buttock and posterior
thigh) increased pain locally and distally over the limb.

Management

EXPLANATION, REASSURANCE, AND SETTING THE
RECOVERY AGENDA

John’s clinical examination did not reveal any red flags
indicating the possible presence of serious pathology. This
information was conveyed to him via careful explanation
of the various physical findings, emphasizing that there
was ‘‘no evidence that anything was seriously wrong.’’
Good explanations and reassurance cannot be under-
estimated in terms of their positive potential to influence
a patient’s attention, concerns, and beliefs about pain and
their situation. If done well, good reassurance can have
beneficial secondary effects on pain processing within the
central nervous system (CNS), as well as on the patient’s
recovery behavior. Simply put, reduced concern and
anxiety allows patients to shift from avoidance, high
focus, and tension about the pain and their situation to a
more confident and confrontational perspective.20, 21, 22

The essence and emphasis of this part of management, we

believe, should be on positive findings once negative ones
have been ruled out.

Once reassured from a seriousness perspective, John
was then provided with a diagnosis and explanation
about the nature of his problem, the recovery process, and
the role of physiotherapy management – what could be
done to help and his role in getting the best outcome. A
provisional diagnosis of sciatica was explained to John in
simple terms of the biomechanics, anatomy, and neuro-
physiology involved. This was carried out using a model
of an articulated spine and basic diagrams sketched on a
whiteboard. John was encouraged to appreciate the
location of the nerve, the effects of movement on it, and
the relative strength and toughness of the spine itself. The
focus of the neurophysiology explanation was centered on
how such a small area of nerve root injury could cause
such persistent and widespread pain and sensitivity and
also how modest nerve injury sometimes leads to the
frequent findings of local muscle weakness and reflex
changes. He was also reassured that sciatic nerve pain was
common, that it gets slowly better, and that it is often out
of proportion to the amount of strain or injury actually
done and quite commonly comes on spontaneously, as in
this case. Reassuring explanations are important for the
simple reason that patients are hardly going to be happy

Table 20.1 Findings from the yellow flag assessment.

Findings

A Attitudes and beliefs Fear avoidance, believing that activity will cause further injury

Belief that pain must be abolished before returning to normal activity

Catastrophizing, a negative outlook regarding his condition and future

Belief that he had no control over his pain

B Behaviors Use of extended rest

Reduced activity and withdrawal from activities of daily living

Report of extremely high pain intensity

Sleep quality reduced since onset of pain

C Compensation issues Nil

D Diagnosis and treatment Doctor diagnosed sciatica caused by a probable disk prolapse and suggested that this may

require surgery

Doctor was very worried about his level of pain and did not want to touch him

E Emotions Frightened of his pain and what it might signify

Heightened awareness of his symptoms, particularly anxious about the numbness at his left

buttock and foot

Increased stress, related to not feeling capable of going to work and loss of control in the

running of his company

Totally frustrated and sometimes angry about his pain, disturbed sleep, and lack of

progress/ineffectiveness of the management so far

F Family His wife had been supportive throughout; however, his children did not understand why he

would not take them swimming or play sport

W Work He enjoyed his work, but was finding that even reduced duties consisting of desk-based

administration still aggravated his pain

He expressed a sense of guilt as regards letting his workforce down by refraining from work

Worried about the detrimental financial effect his long-term absence would have on his

company’s revenue
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to exercise, get going physically, or feel comfortable with
manual therapy techniques if they are concerned about
the structural vulnerability of their back. For patients,
becoming comfortable with the view that hurt does not
equate with harm can be the one factor that provides an
appreciation that it is not only safe but also very helpful
to gradually increase activity and exercise in order to
improve their situation.23 Also, accepting the notion that
pain is a big part of the problem and that relieving pain
plays an important early part of the recovery process can
be very helpful. A great many patients worry that getting
rid of pain will cause them to become overactive/less
cautious which will in turn lead to further injury and thus
prolonging their problem.

After the explanations and discussion of the problem,
John stated that he was hugely relieved to have a better
understanding of it and that even though it hurt a great
deal, that it was not a serious condition. The positive
clinical scenario was that he now felt reassured,20, 22 he
accepted the situation (it will take time but it will
improve), and was pleased to get involved in helping his
own recovery, as well as looking forward to being helped
by physiotherapy input.

INITIAL PHYSIOTHERAPY INPUT

John now agreed that the first priority was to get better
pain control and reduce the muscle spasm in his back. He
also agreed that learning smoother more relaxed move-
ments would be of great benefit too. After discussion of
treatment options, gentle massage techniques were used
with the aim of reducing muscle tension and improving
movement quality. Clinical reasoning was influenced by
the psychosocial and physical examinations that revealed
high levels of reported pain, increasing psychosocial dis-
tress, and a great deal of observable tension during phy-
sical movement testing. Since the processing of pain is
likely to be strongly influenced by an individual’s sensi-
tivity state in all dimensions, it was reasoned that strong
forms of manual therapy would risk exacerbating his
condition.8, 24, 25

Initially, he was asked to find his most comfortable
position to receive the massage, choosing right side-lying.
He was also asked to provide feedback regarding the
massage and to feel comfortable with requesting more or
less pressure with this or any other manual therapy
technique that might be administered during treatment.
Giving over an active degree of treatment control like this
is unusual in traditional doctor/therapist encounters.
Importantly, it fosters a successful therapeutic patient–
clinician alliance.

Following the massage treatment, he reported reduced
back pain and chose to remain side-lying, while treatment
was progressed to include modified small amplitude
accessory joint mobilization techniques akin to those
described by Maitland9 and Mulligan.26 These techniques
helped to reduce his leg pain, after which he was

encouraged to try some slow, smooth, and relaxed lumbar
spine movements in various easy starting positions. After
some experimentation, it was found that he was able to
move best and with least tension and discomfort in crook
lying (rotation), four-point kneeling (flexion, extension,
and side flexion) and sitting (flexion and up into a small
degree of extension). He was keen to practice these suc-
cessful movements at home and agreed a baseline and
goal amount for each. Advice regarding pacing up of
exercises and other activities, such as walking, sitting,
resting, and light administrative work, was also discussed
and agreed.27

At one week review, he returned to clinic in a dis-
tressed state and recounted that as a result of feeling much
better following treatment and the exercises, he had made
a decision outside his treatment plan and returned to
work full time. This had resulted in a major exacerbation
of his pain, which was now preventing him from sleeping.
Following a discussion with the patient and his GP, it was
agreed that the addition of gabapentin to his medication
might be helpful. Forty-eight hours after starting gaba-
pentin and receiving further spinal massage and mobili-
zation with the addition of relaxation techniques taught
to him in clinic, his pain significantly decreased.

CONTINUING MANAGEMENT

This leap forward in getting better pain control enabled
future treatment to be much more focused on improving
his physical impairments. Larger amplitude joint mobi-
lization techniques were progressed from side-lying to
prone positions and further into range. The progress with
pain relief was paralleled with graded increases in repe-
titions, range, and speed/confidence of spinal exercises, as
well as walking and sitting-based activities. Manual
therapy techniques, called sustained natural apophyseal
glides (SNAG), were found to be helpful in facilitating
further increases in painless lumbar spine flexion and
extension.26 Limitation of left leg movement/sciatic nerve
sensitivity were addressed using neural mobilizations,18, 19

these were performed as passive rhythmical mobilizations
by the therapist in positions of SLR, as well as the base
slump test. An active variation of the slump technique,
whereby he performed smooth oscillatory repetitions of
left knee flexion and extension was also included in his
home exercise program because it helped to produce
improvements in his pain-free flexion range (Figure
20.2). The specific program given for this exercise was
carefully graded for the first few sessions to help prevent
any flare up in nerve reactivity.

Specific strengthening exercises (e.g. using a latex
resistance band over the foot) and more generalized
strengthening exercises (e.g. tip-toe walking and bridging)
were quickly introduced to facilitate recovery of power at
the affected L5/S1 supplied muscles of the left lower limb.
The notion of ‘‘work the muscle to work the nerve and
help it to recover’’ can be very helpful. Being shown that
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something is weak and then finding that working on it
improves it, is a very powerful motivator, as well as
promoting a more optimistic outlook. Throughout
treatment, all manual therapy techniques and rehabilita-
tion was centered on addressing the physical impairments
identified during examination with the aim that gains
made could be generalized to John’s functional goals of
returning to work, hill walking, cycling, and scuba diving.
He was seen in clinic a total of six times over four months
having successfully returned to normal work (two weeks
after the flare up), exercise, and sporting activity (graded
return of elements of these were started within seven to
ten days). His only reported symptom on discharge was
intermittent paresthesia affecting the little toe and lateral
aspect of his left foot. This had diminished significantly
at six-month follow up and resolved completely at 12
months.

SOME PROPOSED CNS-BASED MECHANISMS
THAT MAY UNDERLIE THE PAIN RELIEVING
ACTION AND EFFICACY OF MANUAL THERAPY

Current evidence indicates that pain relief related to
manual medicine is in large part mediated by CNS
mechanisms. Thus, when manual therapy techniques
relieve pain they are most likely to do so via centrally
mediated changes in pain processing rather than via
changes in the tissues. It is the opinion here that the
inclusion of the biopsychosocial model and reasoning
into manual medicine requires therapists to harbor con-
current thoughts about mechanisms of action that
embrace psychophysiological effects (so-called top-down
effects), as well as those generated via manually produced
somatic inputs (i.e. bottom-up effects). The two clearly

need to mesh well and work in tandem – which may go a
long way to explaining why a given technique can be very
successful when provided by one therapist but not by
another! Knowledge of the powerful influence of top-
down effects on outcome presses manual therapists to
take time and care in making their treatments meaningful
and appropriate to the patient. This applies not only to
the techniques used, but also to the various tasks, goals,
and exercises that may be given too.

Eight potential CNS-derived mechanisms are briefly
reviewed below.

Gate control

Gate control theory proposes that manual stimulation of
tissues and structures containing Ab-fibers synapsing at
second-order dorsal horn cells can have an inhibitory
effect on the nociceptive output of these cells.28, 29

However, manual therapists need to be aware that neu-
robiological changes, including death of dorsal horn
neurons or changes in their structure, function, and
synapsing resulting from the high input activity of
damaged peripheral nerves, can lead to a loss of the
normal gate control mechanism.24 In these circumstances,
manual therapy may lead to the facilitation of nociception
and thus the exacerbation of pain.8 This is one peripheral
mechanism that may account for those patients who
report a flare up of pain following manual therapy.

Descending inhibition

There is now quite strong evidence that descending top-
down pathways from the brain and brain stem can exert
an influence on the dorsal horn gate and hence on the
sensitivity and plasticity of sensory processing here.6, 7,
29, 30 For example, descending influences from the peria-
queductal gray (PAG), nucleus cuneiformis, locus coer-
uleus (LC), nucleus reticularis gigantocellularis (NGC),
nucleus reticularis dorsalis (NRD), and the rostral ven-
tromedial medulla (RVM) area in the brain stem have
been shown to be capable of contributing to manual
therapy-induced hypoalgesia.29, 30, 31, 32 Research indicates
that inhibitory descending pain-off pathways utilize the
neurotransmitters noradrenaline and serotonin (5HT),5, 7,
29 but that there are excitatory, or pain-on pathways too.
The clear but complex links of these nuclei and their
descending pathways to the higher brain centers, and
hence to areas involved in reasoning, emotions, and
consciousness, has been emphasized for manual therapists
by Zusman.30

Diffuse noxious inhibitory control

Historically, there are numerous recorded accounts of
pain being used as a treatment to relieve pain.33 Con-
temporary manual medicine includes many massage,

Figure 20.2 Active knee flexion and extension performed in

the base slump position.
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mobilization, and manipulation techniques that can be
applied to intentionally produce discomfort, yet yield
subsequent relief via so-called counter-irritation effects.

Identification of close connections between ascending
nociceptive pathways and the PAG–RVM–dorsal horn
descending modulatory pathway described above has
highlighted a potential mechanism via which intense
noxious stimuli of tissues distant from a pathological
focal point can bring about pain inhibition.29 This inhi-
bition appears to be mediated by the enkephalin group of
endogenous opiates released at spinal and supraspinal
levels.33 Again, an aspect of this system that is of
importance to manual therapists is the knowledge that
vigorous peripheral stimulation can also activate the pain
on-cells and inhibit the pain off-cells at the RVM, thus
enhancing pain. A key factor when administering tech-
niques capable of stimulating the diffuse noxious inhibi-
tory control (DNIC) pathways may be to consider the
meaning and context of the noxious stimulation to the
patient. A suggestion is to get proficient at confidently
and simply explaining how a proposed treatment works
before applying it! Thus, acceptable/low fear of pain
produced during treatment is more likely to be of benefit,
while unacceptable/fear-producing pain or discomfort is
less likely to!

Habituation

There is good evidence that rhythmical mechanical sti-
muli which can sometimes initially produce a degree of
pain will, if continued, cause it to diminish or disappear
via the process of habituation. Useful reviews of habi-
tuation with respect to underlying neurophysiological
mechanisms and their relevance to manual therapy
techniques and pain management can be found in
Zusman6 and Jastreboff and Hazell.34

Extinction

Under conditions of learning, the CNS develops novel
synaptic connections between neurons. As a result, new
pathways form which are thought to then represent spe-
cific memories. In pain states, this neurobiological learning
process may well include the formation of pathways that
represent pain.6, 35 Memory and pain memory biology
appear to share a process known as long-term potentiation
(LTP). Conversely, and in a positive contrast for ongoing
pain states, new learning, via the acquisition of new
painless memories (again formed by synaptic learning and
LTP) may be used to bring about extinction of the activity
of an ongoing maladaptive pain pathway.

In clinical situations, extinction can be of significant
therapeutic value if the mode of new learning and LTP is
of functional relevance to the patient. An example of this
was described in the case history, when the SNAG tech-
nique was administered to John’s lumbar spine during his

active movements of flexion and extension. Application
of the technique with adequate explanation and reassur-
ance produced immediate improvements in the pain-free
range of lumbar spine movement. Thus, the imprinted
memory circuit of painful flexion was challenged and
could potentially go on to be replaced by the new
memory of painless flexion. Just as in all learning, a
degree of good quality practice and repetition is required.
This manual therapy approach can be used to assist many
spinal and peripheral joint movements by simply mod-
ifying the direction, force, and anatomical site of the
applied technique. The goal is always to reassure the
patient and to encourage them to explore restricted and/
or feared directions of movement with or without the
concurrent application of manually applied pressures. In
order to maximize the success, the patient must under-
stand what is expected, hence addressing the top-down
aspects before the bottom-up technique is applied. From
the practitioners perspective, a high degree of ingenuity
and adaptability with the various manual therapy tech-
niques that can be used to aid this process is paramount.
In order to achieve significant levels of extinction (for-
getting!), it is advised that therapists prescribe exercises
that replicate and regularly reinforce the new pain-free
movement, thus maximizing new synaptic learning
and LTP.

Motor responses

The literature contains contradictory accounts of manual
therapy producing both inhibitory and facilitatory effects
on the motor system. At present, there appears to be no
conclusive evidence either way.7, 36, 37, 38, 39 There may be
a number of factors influencing the variability of these
study results, including the validity of the experimental
models used, the effects of the patient’s thoughts and
beliefs regarding the intervention, and how these psy-
chosocial factors might concomitantly modulate the PAG
and the motor systems, thus providing the possibility for
either facilitation or inhibition.5, 40 Once again, just as for
the other mechanisms discussed, any therapeutic effects
on the motor system are just as likely to be influenced by
top-down products and this needs consideration. Analysis
of the studies performed indicates that the inhibitory
effects of manual therapy are transient, lasting up to 60
seconds. Similarly, facilitation appears to occur for no
more than two minutes following the applied techni-
ques.40 What seems uncertain is whether the effect of
manual therapy on the motor system is sustained for any
clinically meaningful length of time.

Sympathetic nervous system responses

Large, rhythmically produced mobilizations have been
shown to elicit an excitatory sympathetic nervous system
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(SNS) response producing sudomotor (increased body
temperature) and cutaneous vasomotor (blood vessel dila-
tion) responses for up to 20 minutes following mobiliza-
tion.41, 42 It is possible that mobilization techniques applied
at appropriate stages of tissue healing may assist recovery by
improving local tissue metabolism and perfusion. There
is no conclusive evidence to indicate that manipulation
techniques have any influence on the SNS.5, 40

Placebo response

Placebo responses have been consistently observed during
both human and animal research. Inevitably and pro-
ductively, manual medicine interventions will include
varying levels of psychophysiological or placebo respon-
ses. As already argued, the reasons behind why a specific
manual therapy (or any other) intervention appears to be
efficacious for one patient but not another is likely to be
due to more than variations in pure physical factors.
Recognizing and respecting this goes some way towards
understanding the potency and importance of the placebo
response and, by inference, the importance of therapeutic
interactions, alliances, and relations in the treatment of
human disease and pain states.43 Current evidence sug-
gests that placebo responses are a complex, dynamic, and
multidimensional mixture of biopsychosocial factors. For
a detailed discussion of placebo analgesia, see Fields and
Price.44 The placebo response provides evidence for the
need to embrace and understand psychophysiological
mechanisms more fully.

CLINICAL TRIALS: THE EVIDENCE

Many problems arise when attempting to qualify and
quantify the specific effects related to any therapeutic
intervention. Even in placebo-controlled trials, a range of
contextual factors may influence outcomes.45 These
include the mode of intervention and the healthcare
setting in which it is delivered, the status and gender of
the practitioner, and the models of explanation used by
the practitioner, as well as their belief in the treatment
they provide. Similarly, the patient’s presenting condition,
their understanding of this, and their beliefs related to
treatment, and such variables as anxiety and adherence to
treatment protocols, can also exert influence. Clinical
trials scrutinizing manual medicine interventions have the
added difficulty of providing a credible placebo group and
in double blinding both patient and practitioner to
recognition of the active or placebo intervention.

Most of the higher quality randomized trials, sys-
tematic reviews, and meta-analyses have looked at
mobilization and/or manipulation techniques applied to
the spine.46, 47, 48, 49, 50, 51, 52 There appears to be a con-
sensus of agreement that these manual therapy techniques
applied in isolation provide little efficacy in the treatment

of acute or chronic neck or low back pain.47, 48, 49, 50, 52

However, there is an indication that they can provide
short-term pain relief for acute and chronic low back
pain.46, 47 Furthermore, when combined with exercise
therapy, patients with acute and subacute neck pain and
chronic low back pain demonstrated better outcomes in
both the short and long term.46, 47, 48, 51 In contrast to the
unimodal or bimodal methodology used in most of the
clinical trials of manual medicine to date, it seems rea-
sonable to suggest that multidimensional biopsychosocial
pain presentations are likely to require multidimensional
biopsychosocial treatment approaches that are capable
of addressing as many known factors as possible. Future
trials incorporating a biopsychosocial approach to
examination and treatment, including elements of pain
neurophysiology education, graded functional rehabilita-
tion, and manual therapy, may prove to be far more
efficacious in treating painful conditions.

In view of current evidence which includes observed
changes both in the structure and function of the CNS of
people with pain,24 it seems apparent that manual therapy
used in isolation is at best only likely to produce short-
term improvements, particularly for those with persis-
tent/chronic pain.40, 47, 46, 51 Conversely, if manual therapy
is used as part of a multidimensional approach and is
administered alongside an understanding of normal tissue
healing, recovery, and natural history, while supported by
other key factors including skilled examination, reassur-
ance, pain education, and graded rehabilitation, it can
occupy a valuable place in preventing chronic pain and
disability.23, 53, 54

In summary, there are levels of evidence indicating that
manual therapy can help:

� reduce pain in acute and chronic pain states;
� assist with the restoration of physical impairments

and normal movement patterns;
� overcome fear of movement (kinesophobia);
� assist recovery alongside other management including

drug therapy, postural advice, activity pacing, and
graded rehabilitation/exercise programs.

Recent evidence has helped to define more clearly the role
of contemporary manual medicine in the treatment of
pain. Full realization of the potential benefits of manual
therapy will require a cultural change for many therapists
and a shift to a new working paradigm rooted firmly
within the biopsychosocial model.
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379

33 Radiofrequency lesioning and treatment of chronic pain
Ben JP Crul, Jan HM Van Zundert, and Maarten Van Kleef

389

34 Spinal cord stimulation
Simon Thomson and Malvern May

404

35 Epidural (interlaminar, intraforaminal, and caudal) steroid injections for back pain and sciatica
Ivan N Ramos-Galvez and Ian D Goodall

416



36 Epiduroscopy and endoscopic adhesiolysis
Jonathan Richardson, Jan Willem Kallewaard, and Gerbrand J Groen

427

37 Discogenic low back pain: intradiscal thermal (radiofrequency) annuloplasty and artificial disk implants
Gunnvald Kvarstein, Leif Måwe, and Aage Indahl
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KEY LEARNING POINTS

� The interventions described in the following chapters

are from current evidence, although some is

based on the opinion of experienced pain experts

alone.
� Detailed discussion with the patient prior to any

intervention helps in carrying out the procedure, as well

as preventing unrealistic expectations.
� The information on analgesic administration methods

described in the following chapters, although intended

primarily for acute pain, can be of value in other

situations.
� Neuroablative interventions should not be undertaken

by the novice practitioner.
� Chemical neurolysis is primarily reserved for the

management of difficult cancer pain problems.
� The following chapters should be read in conjunction

with related chapters in this and the other volumes to

optimize outcome.

INTRODUCTION

Over the past few decades the management of pain has
evolved to such an extent that physical interventions are
now carried out mainly on a background of evidence-
based practice. The following 16 chapters describe various
pharmacological and thermotherapeutic (radiofrequency
and cryotherapy) methods of managing acute, chronic
nonmalignant and cancer pain. The first chapter (Chapter
22, Psychological aspects of preparation for painful pro-
cedures), however, deals with the psychological prepara-
tion of the patient prior to interventions and painful
procedures. This is essential in preparing and advising the
patient about realistic outcomes before any procedure.
Such preparation will also help the intervention run more
smoothly and may prevent later issues about expected
outcome.

Although Chapter 24, Intravenous and subcutaneous
patient-controlled analgesia and Chapter 25, Alternative

opioid patient-controlled analgesia delivery systems –
transcutaneous, nasal, and others deal with a wide variety
of analgesic administration in the management of acute
pain, the information and techniques utilized may be of
interest to those dealing with cancer pain. These chapters
go beyond the description of opioid use, including
adjuvants that can be effectively deployed to obtain better
pain control. Analgesic dosing issues at the extremes of
age are described, as well as issues in renal failure, morbid
obesity, and the opioid tolerant patient.

Chapter 23, Peripheral nerve blocks: practical aspects,
is applicable prior to surgical procedures and acute
postoperative pain. However, this chapter goes further to
outline the various types of peripheral nerve block
including neurolytic, cryotherapy, and radiofrequency
lesioning, before describing the traditional approaches
used to block peripheral nerves with local anesthetic.
It will therefore be of value to those involved in the
management of any type of pain.



Epidural analgesia is frequently deployed in the man-
agement of acute pain after major surgery as well as labor
pain and Chapter 26, Epidural analgesia for acute pain
after surgery and during labor, including patient-
controlled epidural analgesia gives the rationale for
appropriate levels of siting these, as well as the value of
various adjuvants. The use of epidural and intraforaminal
steroid injection in patients suffering from chronic low
back and radiculopathic pain is put in context in Chapter
35, Epidural (intralaminar, intraforaminal, and caudal)
steroid injections for back pain and sciatica. Chapter 36,
Epiduroscopy and endoscopic adhesiolysis, describes the
value of epiduroscopy in identifying the pathophysiology
of lumbar radiculopathic pain in the more difficult
cases of this type of pain, as well as how endoscopic
adhesiolysis may be of value in its management. Addi-
tional methods to treat radiculopathic pain are described
through spinal cord stimulation in Chapter 34, Spinal
cord stimulation.

Chapter 29, Intra-articular and local soft-tissue injec-
tions, will be of special interest to the rheumatologist
and pain clinician alike. The importance of meticulous
injection and aseptic technique are emphasized to improve
outcome and avoid complications. Chapter 31, Intrathecal
drug delivery, covers the increasing level of sophistication
of this means of drug delivery, including the different
pump types that are available. Patient selection is essen-
tial for optimum outcome, and the importance of multi-
disciplinary team working is explained. Spinal cord
stimulation is covered in Chapter 34, Spinal cord stimu-
lation and although this method of pain control avoids
the use of drugs, patient selection and meticulous
aseptic technique are essential, as with intrathecal drug
delivery.

Chronic spinal pain is a major issue worldwide leading
to long-term suffering and considerable loss to the
community through time lost from unemployment.
Chapter 30, Facet (zygapophyseal) joint injections and
medial branch blocks, describes the management of
facetal pain whereas Chapter 37, Discogenic low back

pain: intradiscal thermal (radiofrequency) annuloplasty
and artificial disk implants, deals with low back pain of
discogenic origin.

Radiofrequency (RF) lesions are a valuable technique
for both chronic and cancer pain. If considered for the
former situation they should only be considered after
assessment of the biopsychosocial setting. As an alter-
native to microvascular decompression, RF lesions of the
gassarian ganglion, or indeed retroganglion injection of
glycerol, can radically change a patient’s life for years by
completely alleviating the pain of trigeminal neuralgia. An
RF thermal lesion of the cervical spine (cordotomy) can
be invaluable in managing certain types of unilateral
cancer pain, for example mesothelioma. These procedures
are described in detail within the following chapters, and
although there may appear to be some overlap in content,
readers are encouraged to read all the chapters pertinent
to any particular technique as useful information will
be derived from each, since each author has expertise
in these techniques. Chapter 32, Cryoanalgesia, is inclu-
ded for completeness, since although this technique has
become less popular in recent years, it does offer a means
of blocking nociception for months without damaging
the nerve axon, if a good technique is used.

Blockade of the sympathetic nervous system can be of
value in various nonmalignant chronic pain states (sym-
pathetically mediated pain), as well as in the management
of certain types of cancer pain (Chapter 27, Sympathetic
blocks and Chapter 28, Neurolytic blocks). The rationale
for these blocks as well as the reasons for the so-called
lack of evidence in the management of chronic pain is
discussed in Chapter 27, Sympathetic blocks.

Finally, neurolytic blocks are covered in Chapter 28,
Neurolytic blocks. The majority of the procedures dis-
cussed are for the management of cancer pain and, due to
the high potential for morbidity associated with these
techniques, they are best carried out by an experienced
practitioner. When reading about any technique please do
read related chapters, in this volume as well as in the
other volumes, to optimize your pain management.
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KEY LEARNING POINTS

� Many patients experience anxiety when faced with a

painful procedure.
� Anxiety may adversely affect patients’ ability to follow

instructions, perception of pain, and recovery.
� Accurate assessment of anxiety and pain assists

appropriate psychological preparation and assessment of

whether preparation has been effective.
� Psychological preparation methods include giving

information and instruction, teaching cognitive coping

methods, and relaxation training.

� There is good evidence that psychological preparation

reduces anxiety (before, during, and after procedures),

reduces pain and pain medication, facilitates faster

recovery, and reduces length of hospital stay.
� Psychological preparation for children needs to take

account of the child’s developmental level and of

parental anxiety.

INTRODUCTION

The preparation of patients to undergo a painful proce-
dure takes a range of forms. For example, their medical
history is documented, they undergo physical examina-
tions to ensure that they are fit for the procedure, they
have consultations with specialists, such as anesthetists,
and may be given preprocedure medication. Many
aspects of preparation focus on the patient’s biomedical
status, but psychological aspects of preparation are also
important.

Many patients experience fear and anxiety when
faced with a procedure that they know may cause pain.

Examples of the potential effects of extreme anxiety are
illustrated in the cases in Boxes 22.1, 22.2, and 22.3. If a
patient is sufficiently afraid of a procedure, they may
choose not to go ahead with it (e.g. Box 22.1). In such
cases, not only is the patient’s health put at risk, but the
costs to the health service are increased when resources
reserved for a particular patient are not utilized. A similar
example is where a patient requires frequent blood tests to
determine appropriate treatment. If a patient finds giving
blood samples aversive and therefore does not attend
regularly, treatment could suffer (Box 22.2). Box 22.3
demonstrates how fear about a painful procedure may
affect a patient’s self-referral behavior, causing delay in



seeking medical attention until the condition is more
serious. Alternatively, in an extreme case, medical staff
may decide that a patient is too distressed to be able to
cope with a procedure.

Where people show extreme anxiety, support from
specialist clinicians (e.g. psychologists) may be required
(as in Box 22.1). This chapter focuses on the levels of
anxiety found in more typical individuals undergoing
painful procedures. For these patients, anxiety may be
easily moderated by other health professionals. Effective

preparation will enable patients to undergo procedures
at an optimal time, with maximal effectiveness. Some
procedures require the patient to take an active role
in proceedings; a highly anxious patient will be less able
to follow directions than a less anxious patient. Anxiety
can also affect patients’ perceptions of pain: for a highly
anxious patient, procedures will be more painful than for
less anxious patients.1 This chapter considers the assess-
ment of anxiety and pain, what psychological preparation
can achieve, how preparation can be carried out and
aspects of psychological preparation that are specific to
children.

ASSESSING ANXIETY AND PAIN

Accurate assessment of anxiety and pain has three pur-
poses: (1) to decide whether or not exceptional prepara-
tion is needed (e.g. referring a patient to a psychologist);
(2) to determine when psychological preparation is nee-
ded; and (3) to assess whether or not preparation has
been effective.

Anxiety

Patients’ anxiety levels are not always accurately estimated
by healthcare professionals. For example, fellow patients
were found to more accurately describe surgical patients’
worries than were nursing staff.2 It is likely that, being in a
similar situation, patients had a clearer understanding of
what it was like for their fellow patients than did the
nursing staff, but, additionally, they were able to ascertain
the specific concerns of the individuals which suggests
that concerns emerged through the course of general
conversation. Ward staff may not have as much time to
get to know patients as their fellow patients, but this may
be a last opportunity to reduce anxiety and so identifying
patient concerns is vital. Additionally, the level of trauma
associated with a procedure is not directly associated with
the patients’ anxiety level3 and the outcome of a proce-
dure is concerning to patients, as well as the process of
undergoing the procedure itself.4, 5 Patients may also be
concerned about the impact of a procedure on issues
other than their own health.4, 5 In a group of patients
scheduled for elective surgery, 89.6 percent indicated that
they were concerned about their family and 65.8 percent
were worried about financial loss.5 The worries reported
by patients in these studies are shown in more detail in
Figure 22.1a,b.

Thus, the level and source of anxiety may differ to
those anticipated by healthcare providers. In addition, the
time span of anxiety may exceed that anticipated. Surgical
patients experience elevated anxiety before admission to
hospital, between admission and surgery, and post-
operatively; anxiety is therefore not restricted to the
period immediately before the operation.6, 7

Box 22.1 Jack, a 59-year-old man
hospitalized for hernia repair surgery

Jack experienced such extreme fear of surgery that
he felt unable to go ahead with surgery and
discharged himself after taking premedication. He
was referred to a clinical psychologist who took
him through a course of systematic desensitization
(envisaging progressively more threatening
scenarios, whilst practicing relaxation techniques
until the prospect of surgery could be considered
without excessive anxiety). With this psychological
preparation, Jack was subsequently readmitted and
successfully completed surgery.

Box 22.2 Annette, a 40-year-old woman
with a hypothyroidism

Annette required regular blood tests to effectively
manage her underactive thyroid condition.
However, because she had a needle phobia, she
avoided going for these tests. By the time she saw
a consultant, she was suffering serious symptoms.
Thus, because of what might be considered a trivial
needle phobia, what was an essentially controllable
condition was not effectively managed.

Box 22.3 Euan, a 35-year-old man with
toothache

Euan experienced anxiety about visiting the dentist
when suffering toothache because of anticipated
pain and fear of the drill. He therefore put off
going for as long as possible, self-medicating with
painkillers to cope with the discomfort. When he
finally overcame the anxiety and visited the
dentist, his condition had deteriorated and he
needed six extractions.
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In order to address patients’ anxiety, highly anxious
patients need to be identified and methods of assessment
are useful. Simple questionnaire items requesting patients
to rate their level of anxiety and a checklist for them to
indicate their worries are a quick way of gauging patients’
concerns, allowing them to be effectively prepared for the

procedure. For example, patients can be asked to indicate
how worried they are feeling on a 10-cm line anchored
with the words ‘‘not at all worried’’ and ‘‘extremely
worried’’ (a visual analog scale, VAS).8 For a more
detailed assessment of anxiety, a standardized measure
such as the State Trait Anxiety Inventory (STAI) can be
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used.9 This scale contains 20 items assessing state anxiety
and 20 to assess more general trait anxiety. When there is
insufficient time available or when patients are not well
enough to complete the full version, a six-item short form
of the state scale of the STAI is useful.10 A version of the
STAI has also been specifically developed to assess anxiety
in children. These standardized measures allow the
comparison of patients with normative data. For example,
mean scores for surgical patients the day before surgery
are typically between 40 and 45 on the STAI. People who
are not awaiting surgery would typically score lower, and
individuals with generalized anxiety disorder would score
higher on this scale.

Examples of items used in checklists for indicating
worries are shown in Figure 22.1a,b. Johnston’s 1987 25-
item checklist4 was developed both from items used in the
literature and patients’ spontaneous comments. These
checklists assess what people are worried about, but not
whether they catastrophize, exaggerating the risks of
negative outcomes. Recent work using the Pain Catastro-
phizing Scale11 has found that people who catastrophize
about pain before undergoing surgical procedures experi-
ence worse postoperative pain.12, 13 However, neither paper
investigated catastrophizing independently of general
anxiety, so general anticipation of negative outcomes could
be responsible for this effect. Further research controlling
for the effects of general anxiety is therefore necessary.

Pain

The healthcare provider’s expectation or perception of
pain might also differ from the patient’s experience.
Health professionals have consistently been shown to
underestimate patients’ pain, compared with patient
reports (e.g. Refs 14, 15, 16, 17). Physicians in an emer-
gency department have been found to rate patients’ pain
as lower than patients rated themselves.14 This mis-
calibration was greater with expert physicians than with
novices (students or residents undergoing training). Why
this occurred is not clear. Pain was rated using a VAS
anchored with ‘‘no pain’’ and ‘‘most intense pain ima-
ginable.’’ It could be that more experienced doctors have
observed a wider range of pain experiences and their idea
of ‘‘most intense pain imaginable’’ is more severe than the
patient’s. Alternatively, patients may try not to show
emotion to physicians and so do not communicate their
pain level effectively.

When asked to rate the pain of people with shoulder
pain who were videotaped when undergoing physiother-
apy assessment, health professionals (physiotherapists and
occupational therapists), individuals with family experi-
ence of chronic pain, and control observers all under-
estimated patients’ pain compared with patients’ self-
reports.18 However, the health professionals under-
estimated pain more, and individuals with family
experience underestimated less, than the control obser-
vers. Thus, it is not only experience with people in pain

but the type of experience that seems to affect pain per-
ceptions. The authors suggested that the health practi-
tioners could be distancing themselves from the pain in
order to be better able to cope, or their training might
focus on solving the problem rather than focusing on the
pain. In contrast, family members may be more aware of
the consequences of pain in terms of activity restrictions
than healthcare staff.

This mismatch between pain experienced by indivi-
duals and the pain perceived by health professionals has
implications with respect to how pain is managed by
health professionals, for example affecting the level of
analgesia given. This communication problem can be
tackled in two ways: first, during preparation, in discuss-
ing how to communicate pain with patients and, second,
by enabling health professionals to more accurately assess
pain level. As for anxiety measurement, pain can also be
assessed using a quick VAS. A more detailed assessment
of pain can be gained using a standardized measure such
as the McGill Pain Questionnaire (MPQ), or the short
form of this measure.19, 20, 21 The MPQ includes both
descriptors of the type of pain being experienced and
short items about the level of current pain. Computerized
methods of administering the MPQ have been developed
which may facilitate its use in clinical settings.22 In addi-
tion to giving information about pain, the type of pain
reported may give useful diagnostic information. For
example, different patterns of words are used by patients
whose low back pain has identified ‘‘organic’’ causes as
opposed to pain where the cause is unidentified.21 How-
ever, the use of the MPQ in clinical settings has not been
widely documented; it may be that such differentiations
have not been found to be useful in the clinical context.

Thus, evidence suggests that there is a gap between
patient experience and health professional perceptions
for both anxiety and pain which needs to be bridged to
achieve optimal patient outcomes. This can be achieved,
for both pain and anxiety, first by health professionals
being aware of the mismatch and having tools to facilitate
assessment and, second, by enabling patients to com-
municate their anxiety and pain and, third, by using
methods to reduce pain and anxiety.

WHAT DOES PSYCHOLOGICAL PREPARATION
ACHIEVE?

There are three phases for which preparation for a painful
procedure might be relevant for an individual patient:
before the procedure, during the procedure, and after the
procedure.

Before the procedure

Many patients are anxious when anticipating a procedure.
They may be worried about the procedure itself (procedural
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stress) or worried about the outcome of the procedure
(outcome stress).23 It is important to address the anxiety
caused by these stressors because not only is anxiety of
itself an unpleasant state, but patients high in anxiety
experience higher levels of pain during medical procedures
and greater pain after surgery.24 The type of procedure is
likely to affect the extent to which each type of stress is
relevant for an individual patient. For example, for 135
patients undergoing gynecological surgery, patients’ main
worries were not associated with the procedure itself,
but with the outcome of surgery – whether it would be
successful, how long it would take them to return to nor-
mal, and concern about being away from home.4 In con-
trast, for a procedure such as dental restoration work,
where the treatment is unpleasant but the benefits are
apparent rapidly after treatment, patients’ concerns are
likely to be focused on the procedure, with the outcome
being viewed positively.

In the case of preprocedure anxiety, it would be
logical to assume that the more physical trauma involved
in the procedure, or the more life-threatening the
procedure, the more severe the patient’s anxiety. However,
this is not the case. An investigation of patients
undergoing elective surgery found that extent of surgery
did not affect patients’ preoperative anxiety level, as
assessed with the STAI. Patients undergoing minor
surgical procedures, such as dilation and curettage,
had equivalent levels of anxiety to those having more
major procedures, such as cholecystectomy, carried
out.3 Many minor procedures are diagnostic, perhaps
yielding more anxiety about the outcome of tests, whereas
more major procedures are carried out as treatment
leading to procedural stress, but possibly less outcome
stress.

During the procedure

For some patients, such as those having surgery under
general anesthetic, the procedure itself is not painful and
patients are unaware of what is happening during the
procedure (although the process of being anesthetized
may cause some individuals anxiety). However, other
procedures are themselves painful or uncomfortable and
may require patients to actively participate in the proce-
dure. Procedures fitting this category include diagnostic
procedures, such as bone marrow aspiration, blood tests,
and endoscopy, and also some treatments, such as dental
restoration work and injections. These patients will
require preparation which gives them skills to minimize
their anxiety and perceptions of pain during the proce-
dure. Not only is anxiety an aversive state but, where
the participation of the patient affects the way a proce-
dure is carried out, minimizing anxiety enables the
patient to better attend to and follow instructions,
enabling the procedure to be carried out more quickly
and more effectively.

After the procedure

For patients under general anaesthetic, the procedure
itself should not be painful, but postprocedure pain may
be severe. Effective preparation will minimize the pain by
enabling patients to carry out the behaviors that will
minimize pain such as knowing how to obtain analgesia,
how to use patient-controlled analgesia when appropriate,
and requesting analgesia before pain becomes too severe.
In addition, preparation will enable individuals to use
cognitive and emotional strategies (managing thoughts
and feelings) to minimize pain perception.

In contrast, some patients may experience little post-
procedure pain, for example those who have undergone
the diagnostic procedures of bone marrow aspiration or
mammography. However, these patients may still
experience anxiety after these diagnostic procedures out
of concern about the results. Thus, giving patients tech-
niques that help them to manage their anxiety after the
procedure, as well as before and during the procedure,
will be of benefit.

Good preparation involves giving patients enough
information for them to anticipate what will happen and
how they will feel after the procedure. For example,
patients undergoing inguinal hernia repair may experi-
ence extensive bruising after the operation. This is not
unusual but can be alarming for the patient who is then
likely to seek medical advice and reassurance. Patients can
be saved anxiety, and the health service the costs of fol-
low-up visits, if they are adequately informed about what
to expect beforehand.

Presurgical psychological preparation has benefits on a
range of health outcomes. A meta-analysis has demon-
strated that interventions, such as giving information,
giving behavioral instruction, cognitive interventions and
relaxation can lead to improved mood (negative affect),
pain, lower use of pain medication, shorter stays in hos-
pital, and higher scores on recovery and physiological
indices (see Figure 22.2).25 Clinical outcome was not
significantly improved following intervention (the 95
percent confidence interval crosses the line of zero effect),
but the wide confidence intervals are likely to result from
the small number of studies available for inclusion for this
outcome (n= 3). This work clearly demonstrates that
psychological preparation not only makes the patient feel
better in terms of mood and pain and facilitates their
behavioral recovery but is also effective in reducing
pain medication required and the length of time patients
stay in hospital. Physiological indices, such as blood
pressure, heart rate, cortisol and adrenaline levels, are
also affected.

PSYCHOLOGICAL PREPARATION TECHNIQUES

Many individual studies have been carried out assessing
particular preparation techniques with particular patient
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groups. A meta-analysis drew this research together in
the context of surgery under general anesthetic (see
Table 22.1).25 These findings are not a comprehensive
list of the effects of each intervention because not all
interventions have been tested for all health outcomes.

However, it does demonstrate the range of outcomes
that an intervention can affect. For example, giving pro-
cedural information not only affected patient reports of
mood and pain, but also healthcare costs (pain medica-
tion and length of stay) and physiological measures.
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Table 22.1 Surgical outcomes improved by psychological preparation procedures.

Preparation type Outcomes improved by
procedure

Relaxation, e.g. breathing exercises Pain

Pain medication

Length of stay

Negative affect

Physiological indices

Clinical recovery

Information:

procedural, e.g. ‘‘yyou will then receive a local anestheticy’’; Pain

Pain medication

Length of stay

Physiological indices

Negative affect

Clinical recovery

sensory, e.g. ‘‘yyou will stop being able to feel sensations in the

area of the anestheticy’’

Length of stay

Cognitive, e.g. reframing negative thoughts Pain

Pain medication

Negative affect

Clinical recovery

Behavioral instruction, e.g. training in use of analgesic equipment Pain

Pain medication

Length of stay

Physiological indices

Negative affect

Clinical recovery

Compiled from data presented by Johnston and Vögele.25
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Types of preparation methods

INFORMATION GIVING

Patients can be given two types of preparatory informa-
tion: procedural information and sensory information.
Procedural information describes the process to the
patient – what will happen, and when and how parts
of the procedure will take place. Sensory information
gives patients an insight as to the experiential aspect of
the procedures and the postprocedure recovery time:
what it will feel like to undergo the processes, what
sensations they should expect. The rationale behind giv-
ing information is that patients become more aware of
what to expect, making stimuli less anxiety-provoking,27

and ensuring that the unusual sensations experienced are
anticipated rather than being unexpected, leading patients
to suspect that something might be wrong. Informing
patients of what to expect also empowers them to prepare
themselves, showing them the stages at which other
techniques (e.g. cognitive preparation) might be of use,
and enables them to actively participate in procedures,
facilitating their successful completion.

It is important to consider whether or not information
is given to patients in a way in which it will be under-
stood. One study reported that, out of 100 surgical
patients, 27 ‘‘informed’’ patients were unable to report the
basic information of which organ had been operated on.28

This communication problem was more common where
patients were over 60 years old. It may be that patients
struggle to recall the information they are given; patients
undergoing surgery for skin cancer were found to
recall 26.5 percent of a list of potential complications
20minutes after the consultation and 24.4 percent one
week later.29 However, an evaluation of informed consent
documentation has suggested that information given to
patients may be inconsistent.30 It is therefore important
to ensure that full and consistent information is given to
patients in a form in which they can understand and
remember or refer to it (e.g. written information or
audio/video recordings).

BEHAVIORAL INSTRUCTION

Behavioral instruction involves telling individuals what
they should do to facilitate a procedure or their recov-
ery.31 For example, someone undergoing joint replace-
ment surgery might be told how soon they should start
walking after surgery to minimize muscle wastage and
facilitate recovery.

COGNITIVE PREPARATION

Cognitive preparation techniques are designed to change
the way that an individual thinks about negative aspects
of a procedure. Patients are taught skills that they can
then use in their own time, or during a procedure,

to reduce their negative thinking and anxiety about the
procedure. The two main methods are cognitive refram-
ing and distraction, i.e. techniques which encourage a
different way of thinking or thinking less about the
procedure.

Reframing cognitions

Reframing cognitions involves taking a negative thought
and developing a more positive perspective. For example,
a cognitive reframing intervention, presented to patients
in a manual, was developed by Ridgeway and Mathews.27

Patients were first presented with common worries paired
with more positive ways of looking at a situation (e.g. in
response to worry about anesthesia, a given positive
perspective was the high number of people who success-
fully undergo anesthesia). The patients were then asked to
give a positive thought in response to a common worry,
before being asked to supply their own negative thought
along with a more positive reappraisal. Patients can also
be encouraged to reevaluate the procedure, such that a
threatening situation becomes a challenging situation
(e.g. Cheung et al.32). For example, instead of feeling
afraid of the pain associated with a procedure, patients
can be encouraged to see it as a challenge to deal with
and to feel proud when they successfully complete the
procedure.

Distraction techniques

A second form of cognitive-coping strategy is distraction.
Instead of finding a new way of viewing a positive
thought, individuals are encouraged to focus on thoughts
about other things. For example, a dentist who talks
about the drill as sounding like an airplane may suc-
cessfully distract a young person from worrying about the
drill itself. Work with children has looked at using tools
such as virtual reality systems to facilitate distraction
during procedures (see below under Psychological pre-
paration for children). Relaxation may also serve the
function of distraction.

RELAXATION

These techniques can be used before a procedure, to
increase relaxation, and reduce anxiety, but, once a
technique has been learnt, a patient can also take it for-
ward to use during procedures (simple relaxation may be
a more useful technique than progressive muscle relaxa-
tion in this sense). When a relaxation technique is first
learnt, it is helpful to be ‘‘talked through’’ the procedure
by a caregiver/therapist, and patients can also be given an
audio recording guiding them through the procedure to
practice with. The more a relaxation technique is prac-
ticed, the easier it becomes for the individual to gain a
relaxed state (and so teaching relaxation at a presurgical
clinic allows individuals time to practice) but, even when
a person is talked through the procedure at a single event
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(e.g. the morning of surgery), a more relaxed state can
be achieved. Both techniques described below can be
supported by asking patients to take slow, deep breaths.

Simple relaxation

Individuals are asked to systematically work round the
body, relaxing each muscle group in turn.

Progressive muscle relaxation

This approach involves slowly tensing and then relaxing
all the main muscle groups in the body. An example of a
script to use while training individuals with this techni-
que is found in Goldfried and Davidson.33 Individuals
who have difficulty in achieving simple relaxation of
the body may prefer this technique, but the process of
tensing and relaxing muscles can make this technique
inappropriate to use during some medical procedures.

MODELLING

Modelling is the process during which an individual
observes another person in a situation and learns,
through watching that person, how to cope with the
event themselves. Either mastery or coping models can be
presented. For example, a patient might be presented with
a video in which a calm, relaxed person undergoes the
patient’s procedure (a mastery model) or a video where
the model patient is seen to find the procedure challen-
ging, but manages to cope (a coping model). Modelling
has been used most extensively in studies with children.34

COMMUNICATION

It is not always easy for a medical professional to accu-
rately determine a patient’s level of anxiety or pain per-
ceptions. Yet, in order to properly prepare an individual
to undergo a procedure with the optimum outcome, staff
need to be able to assess anxiety and pain. Preprocedure
preparation can enable a patient to communicate how
they are feeling to staff. Many patients feel unwilling to
bother staff and instead suffer in silence and so may need
to be reassured that it really is appropriate for them to
talk to staff about issues like anxiety and pain. They can
also be shown how to use rating scales that are quick to
complete and easy to interpret.

PSYCHOLOGICAL PREPARATION FOR
CHILDREN

Many painful procedures are performed on children who,
because of their developmental stage, may not understand
what is happening to them in the same way that adults
would.

The categories of techniques that are used with adults
can also be used with children, but strategies should be

adapted appropriately for the child’s level of develop-
ment. For example, when giving procedural and sensory
information, discussion with health professionals and
simple written or picture information may be helpful, but
sessions involving structured play around the themes of
the procedure can also be used, and hospital tours or
computer programs also provide information in a way in
which young people can absorb it.35

Distraction techniques, particularly during stressful
procedures, have been found to be effective with children,
for example the use of books, video games, and audio-
tapes (see LeRoy et al.35 for review). The use of virtual
reality as a distracter during painful procedures is also
being developed.36 Teaching relaxation techniques can be
effective with children35 and relaxation induced by slow,
deep breathing can be encouraged by instructing children
to ‘‘blow the pain away.’’37

Modelling of procedures by peers is an effective
method for reducing anxiety in children although, where
children have previous experience, it is less likely to be
effective.35

Involving parents

An issue to be considered when preparing children for
painful procedures is the extent to which parents should
be involved. Children prefer their parents to be with them
when they have to undergo a painful procedure or anes-
thesia,37 but is having a parent stay through a procedure
beneficial to the child?

For parents, watching a child undergo a painful pro-
cedure or undergo anesthesia induction is a highly
stressful process; for parents of children undergoing
minor surgery, the induction of anesthesia has been
reported as the moment of greatest stress for 56 percent
of parents.38 In addition, evidence suggests that children
are more anxious when undergoing procedures when
accompanied by an anxious parent than when they
are accompanied by a calm parent or, indeed, unac-
companied by any parent.39, 40 Thus, to reduce parental
distress and to protect children from parental distress, it is
important for parents to be appropriately prepared to
support their child through painful procedures. A video
intervention giving parents procedural information about
the procedure has been found to be effective in reducing
parental anxiety.41

Children can be influenced not only by their parents’
level of anxiety, but also by their parents’ behavior.
Counterintuitive as it seems, parents who reassure chil-
dren can actually increase their distress.42, 43 In a trial
randomizing parents to training in reassurance, training
in distraction or a control group, reassuring parents were
found to be the most distressing for children on a range of
measures, whereas the children of distracting parents
showed the least distress.43 This finding is also relevant to
healthcare professionals. Even though reassuring children
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is intuitive and well-intentioned, distraction would
appear to be a more effective method of enabling them to
cope with procedures.

CONCLUSIONS

Psychological preparation can facilitate patient coping
both before, during, and after painful procedures. Effec-
tive preparation improves health outcomes on a range of
measures, including anxiety, pain, use of healthcare
resources and physiological measures. Effective prepara-
tion not only affects how the patient thinks, feels, and
behaves, but can also affect how they interact with others,
such as health professionals and family members. In
particular, parent–child interactions can greatly affect
how a procedure is received by the child.
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� 25. Johnston M, Vögele C. Benefits of psychological

preparation for surgery: A meta-analysis. Annals of
Behavioral Medicine. 1993; 15: 245–56.

26. Cohen J. Statistical power analysis for the behavioral
sciences, 2nd edn. Hillsdale, NJ: Lawrence Erlbaum, 1988.

Chapter 22 Psychological aspects of preparation for painful procedures ] 253



27. Ridgeway V, Mathews A. Psychological preparation for

surgery: A comparison of methods. British Journal of
Clinical Psychology. 1982; 21: 271–80.

28. Byrne DJ, Napier A, Cuschieri A. How informed is signed

consent? British Medical Journal. 1988; 296: 839–40.
29. Fleischman M, Garcia C. Informed consent in dermatologic

surgery. Dermatologic Surgery. 2003; 29: 952–5.
30. Issa MM, Setzer E, Charaf C et al. Informed versus

uninformed consent for prostate surgery: The value of

electronic consents. Journal of Urology. 2006; 176: 694–9.
� 31. Mathews A, Ridgeway V. Psychological preparation for

surgery. In: Steptoe A, Mathews A (eds). Health care and
human behaviour. London: Academic Press, 1984: 231–59.

32. Cheung LH, Callaghan P, Chang AM. A controlled trial of

psycho-educational interventions in preparing Chinese

women for elective hysterectomy. International Journal of
Nursing Studies. 2003; 40: 207–16.

33. Goldfried MR, Davidson GC. Clinical behavior therapy. New
York: Holt, Rinehart & Winston, 1976.

34. O’Halloran CM, Altmaier EM. The efficacy of preparation

for surgery and invasive medical procedures. Patient
Education and Counseling. 1995; 25: 9–16.

� 35. LeRoy S, Elixson EM, O’Brien P et al. Recommendations for
preparing children and adolescents for invasive cardiac

procedures – A statement from the American Heart

Association Pediatric Nursing Subcommittee of the council

on cardiovascular nursing in collaboration with the

council on cardiovascular diseases of the young.

Circulation. 2003; 108: 2550–64.
36. Gershon J, Zimand E, Lemos R et al. Use of virtual reality

as a distractor for painful procedures in a patient with

pediatric cancer: A case study. Cyberpsychology and
Behavior. 2003; 6: 657–61.

37. Kennedy RM, Luhmann JD. The ‘‘ouchless emergency

department’’ – Getting closer: Advances in decreasing

distress during painful procedures in the emergency

department. Pediatric Clinics of North America. 1999; 46:
1215–47.

38. Messeri A, Caprilli S, Busoni P. Anaesthesia induction in

children: A psychological evaluation of the efficiency of

parents’ presence. Pediatric Anesthesia. 2004; 14: 551–6.
39. Bevan JC, Johnston C, Haig MJ et al. Preoperative parental

anxiety predicts behavioural and emotional responses to

induction of anaesthesia in children. Canadian Journal of
Anaesthesia. 1990; 37: 177–82.

40. Kain ZN, Caldwell-Andrews AA, Maranets I et al.
Predicting which child–parent pair will benefit from

parental presence during induction of anesthesia: A

decision-making approach. Anesthesia and Analgesia.
2006; 102: 81–4.

41. Cassady JF, Wysocki TT, Miller KM et al. Use of a

preanesthetic video for facilitation of parental education

and anxiolysis before pediatric ambulatory surgery.

Anesthia and Analgesia. 1999; 88: 246–50.
42. Salmon K, Pereira JK. Predicting children’s response to an

invasive medical investigation: The influence of effortful

control and parent behavior. Journal of Pediatric
Psychology. 2002; 27: 227–33.

43. Manimala MR, Blount RL, Cohen LL. The effects of parental

reassurance versus distraction on child distress and coping

during immunizations. Children’s Health Care. 2000; 29:
161–77.

254 ] PART II THERAPEUTIC PROTOCOLS



23
Peripheral nerve blocks: practical aspects

DAVID HILL

Agents and techniques for peripheral nerve blocks 255

Nerve blocks of the head and neck 258

Nerve blocks of the upper limb 264

Nerve blocks of the thorax and abdomen 275

Nerve blocks of the lower limb 279

Nerve blocks of the pelvis 291

Conclusions 292

References 292

KEY LEARNING POINTS

� The ability to perform peripheral nerve blocks is an

essential skill in the comprehensive management of

acute, chronic, and cancer pain.
� A peripheral nerve stimulator (PNS) is not a substitute

for anatomical knowledge and should not be used to

hunt blindly for nerves.

� Ultrasound is emerging as the technique of choice in

aiding peripheral nerve blocks. A high-resolution

ultrasound probe can reliably identify nerves, vessels,

and neighboring structures in the target region.
� Individual peripheral nerve blocks are described

including continuous catheter techniques.

AGENTS AND TECHNIQUES FOR PERIPHERAL
NERVE BLOCKS

Local anesthetics

Local anesthetics are sodium channel-blocking drugs that
are unique in their ability to block nerve impulses con-
ducted proximally (pain relief) and impulses conducted
distally (motor blockade) in any peripheral nerve. Unlike
neurolytic agents, local anesthetics produce a conduction
block that is painless and completely reversible. Nerve
fiber types vary in their sensitivity to local anesthetics, so
that injection of differing concentrations selectively blocks
different types of fiber. Differential blockade is a useful
diagnostic tool and has several practical uses in pain
management:

� attributing pain to a single nerve;
� differential block to identify the neural pathway that

subserves the pain;

� permits precise targeting prior to a destructive
procedure;

� allows the patient to experience the effects
temporarily before permanent blockade;

� repeated at intervals, temporary blockade may have a
long-lasting effect (e.g. scar neuromas or muscle
trigger point injections).

Local anesthetic blocks are both diagnostic and therapeutic
and may obviate the need for permanent neurolysis.

INDIVIDUAL AGENTS

Individual agents are detailed as follows.1

Lidocaine (lignocaine)

� Rapid onset and short duration (hours).
� Maximum recommended dose in an adult is 200mg

(data sheet), although doses of 4–7mg/kg have been
advocated.



� Lidocaine causes vasodilatation at the site of
injection.

� Addition of 5 mg/mL (1:200,000) epinephrine
(adrenaline) may slow systemic absorption and
prolong duration of the block.

� Large doses (up to 35mg/kg) combined with 1mg/ml
(1:1,000,000) epinephrine by subcutaneous
infiltration have been used for liposuction.

� Available preparations with adrenaline may contain
the preservatives sodium metabisulfite (antioxidant)
and methylparahydroxybenzoate, both of which may
cause nerve injury and allergic reactions.

Prilocaine

� Rapid onset and duration.
� Similar potency to lidocaine.
� Readily hydrolyzed, reducing risk of systemic toxicity.
� Aminophenol metabolites oxidize hemoglobin to

methemoglobin.
� Maximum dose 10mg/kg (total maximum adult dose

600mg).
� Has no vasoactivity.
� Multidose vials contain methylparahydroxybenzoate

as preservative.

Bupivacaine (racemic)

� Slow onset and long duration (lasts two to three
times longer than lidocaine).

� Maximum recommended dose in adults 150mg,
dosage should not exceed 2mg/kg.

� Epinephrine does not seem to prolong duration of
block.

� Main disadvantage is low threshold for cardiotoxicity.
� Epinephrine-containing preparations contain sodium

metabisulfite.
� Opioid–bupivacaine mixtures provide epidural

analgesia in a synergistic manner.

Levobupivacaine

� This S-enantiomer of bupivacaine is less cardiotoxic.
� Equipotent to racemic bupivacaine by the epidural

route.
� Still to be fully evaluated clinically in peripheral

nerve blockade.

Ropivacaine

� Claims a greater degree of separation between
sensory and motor nerve block (differential
block).

� Claims of less toxicity may be secondary to its
potency being lower than bupivacaine.

� Ropivacaine causes vasoconstriction and
prolongation of nerve blockade compared with
bupivacaine.

� The addition of epinephrine probably confers no
additional benefit for peripheral nerve blocks.

� Maximum recommended dose 2mg/kg.

Neurolytic agents and techniques for
peripheral nerve blockade

Neurolysis of peripheral nerves by chemical, thermal, or
cryogenic means is indicated for patients with limited
life expectancy. Peripheral neurolysis has several
disadvantages.2[II]

� The analgesia is not permanent.
� It is associated with neuritis and deafferentation

pain.
� It can produce unwanted motor blockade.
� It can damage surrounding tissues.

Therefore, it is usually performed under the following
circumstances.

� The pain is severe and other methods have failed.
� The pain is in the distribution of an identifiable

peripheral nerve.
� A trial block of local anesthetic has been successful.
� The effects of the local anesthetic block are

acceptable to the patient.

The most undesirable complication of peripheral neuro-
lysis is the onset of neuropathic pain. This has been
reported following treatment in up to 28 percent of cases.
Comparisons of different volumes and concentrations of
neurolytic agents have not been reported. It would seem
logical to use a small amount of agent to minimize
damage to nontarget tissue; however, incomplete lesions
may make neuropathic pain more likely. Repeat injections
are often necessary to achieve success.

NEUROLYTIC AGENTS

Alcohol and phenol are the most commonly used agents.
The incidence of neuropathic pain is believed to be
greater following peripheral neurolysis with alcohol.

Alcohol

� Generally used undiluted for peripheral nerve
blockade.

� Injection is immediately followed by burning pain
along the distribution of the nerve, followed by
warm numbness.

� Pain relief increases over a few days and is maximal
by a week.

Phenol

� Various concentrations are available as an aqueous
preparation or in glycerol. A maximum of 6.7
percent can be dissolved in water at room
temperature.

� Aqueous phenol can be injected down smaller gauge
needles.
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� Following injection, an initial local anesthetic effect
subsides to neurolysis, which may take three to seven
days to become fully apparent.

� The density and duration of the block is felt to be
less than that of alcohol; 5 percent phenol is
equivalent to approximately 40 percent alcohol in
neurolytic potency.

NEUROLYTIC TECHNIQUES

Cryoanalgesia

The basic principle is as follows:

� Freezing of a nerve segment to –60 1C with a 2-mm
probe.

� Achieved by rapid expansion of carbon dioxide or
nitrous oxide gas.

� The probe is left in contact with the nerve for one to
two minutes and allowed to thaw before removal.

� An acute injury produces analgesia for 2–20 weeks.
� The basal lamina of the nerve is left intact, allowing

eventual regeneration.

Although cryoanalgesia has its proponents, results can be
disappointing. The technique requires accurate placement
of a bulky probe, which is difficult to achieve when
inserted percutaneously. Placement under direct vision is
not usually a realistic option in pain management clinics.
The main advantage of cryoanalgesia is the low risk of
neuritis.

See Chapter 32, Cryoanalgesia, for further discussion
of this topic.

Pulsed radiofrequency

� A pulsed radiofrequency (RF)3 lesion is achieved by
applying energy with a pulsed time cycle of 2.20ms/
second at temperatures not exceeding 421C.

� The mechanism of neuromodulation is unclear, but
the electromagnetic field energy may interrupt nerve
transmission.

� Pulsed RF has been used with benefit for blockade of
most peripheral nerves and ganglia.

� A typical lesion is 421C for 120 seconds repeated
three times.

See Chapter 33, Radiofrequency lesioning and treatment
of chronic pain for further discussion of this topic.

Nerve location by peripheral nerve stimulation

A peripheral nerve stimulator (PNS) is not a substitute
for anatomical knowledge and should not be used to hunt
blindly for nerves.4 Its main use is to place a needle close
to the target nerve, especially when a nerve or plexus has a
characteristic pattern of muscle movement in response to
stimulation. The distinct endpoint is pulse-synchronous

muscle movement or paresthesiae attributable to the
target nerve.

PRINCIPLES OF NERVE LOCATION

� Use a PNS that has a variable current output up to
5mA.

� Set for short duration of impulse (less than 100 ms)
at a frequency of 1–2Hz so that motor nerves are
stimulated preferentially.

� Connect anode (1ve) to a large ground electrode
well away from the site of the nerve block to ensure
current flows through the target nerve.

� Initially set delivered current at 3mA.
� Connect cathode (–ve) to the block needle.
� Using a standard approach to the nerve, advance

needle until within the expected vicinity of nerve.
� When using a current of around 3mA or less, the

nerve will not be stimulated unless the needle tip is
within 1 cm.

� Painful levels of stimulation will be needed if the
nerve is more than 2 cm away.

� Look for pulse-synchronous muscle movement to
indicate that the needle tip is close to the nerve.

� Carefully adjust the needle tip position so that ‘‘just
discernible’’ muscle movement is seen with a current
of 0.1–0.5mA.

� Sudden pain or exaggerated muscle movement may
indicate direct contact with the nerve.

� The exact current depends on the target nerve. Small
nerves such as the median nerve require 0.1–0.3mA
whereas the sciatic nerve may require 2mA.

� Elderly patients or the presence of neuropathy
require greater current.

� Following injection of local anesthetic, muscle
movement will increase because of increased current
conduction and then fade as the nerve is displaced
by the volume of the injection.

INSULATED OR NONINSULATED NEEDLES

� Insulated needles prevent current loss in surrounding
tissue.

� Insulated needles require half the current of
noninsulated needles.

� There is a greater variety and availability of
noninsulated needles.

� For most uses, noninsulated needles are satisfactory.
� There is no evidence that one needle over another is

more successful or minimizes the risk of neural
damage.

Ultrasound-guided nerve blocks

Ultrasound is emerging as the technique of choice in
aiding peripheral nerve blocks.5 A high-resolution
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ultrasound probe can reliably identify nerves, vessels, and
neighboring structures in the target region. The technique
of real-time guidance during needle advancement can
quickly localize nerves. Distinct patterns of local anesthetic
spread observed on ultrasound can further confirm accu-
rate needle location and significantly reduce the volume of
local anesthetic solution. This results in a shortened onset
time, improved quality, and longer duration of block.

Continuous peripheral nerve blockade

Continuous peripheral nerve blockade (CPNB)6 allows
prolonged analgesia both before and after surgery. In
chronic pain patients, nerve targeted and regional
analgesia is possible allowing physiotherapy, increased
mobilization, and shorter hospitalization.

GENERAL PRINCIPLES

� Attention to asepsis is important as prolonged use is
intended.

� Insertion point should be carefully chosen and
catheter fixed to prevent dislodgement.

� Catheter needs to be accurately placed alongside
nerve or plexus using real time ultrasound or
stimulating catheter.

� Distension of tissue space with saline of local
anesthetic aids catheter placement.

� Catheter should be flushed with saline to prevent
obstruction by blood.

� Optimal regime is the combination of a basal
background infusion (3–5mL/h) with intermittent
top-ups as required (3–5mL).

� Levobupivacaine 0.125 percent, ropivacine 0.2
percent alone, or levobupivacaine 0.1 percent with
fentanyl 2 mg/mL are usual solutions.

� Initial test-bolus through catheter must be large
enough to exclude intravascular placement – often
adrenaline-containing bolus is employed to increase
sensitivity of test-bolus detection of intravascular
injection.

� Duration should be no longer than necessary as
myotoxicity may occur.

TECHNIQUES

� Cannula over needle with catheter through cannula.
� Inexpensive and needles generally small.
� Uncertainty of final position of catheter unless

ultrasound used.
� Catheter is stiff and easily damaged by needle.

Catheter through Tuohy/Sprotte needle

� Needle tip angle aids threading of catheter.
� Uncertainty of final position of catheter unless

ultrasound used.

� Inexpensive.
� Stimulating catheter.
� Accurate placement of catheter.
� Can be painful to place as tissue space must be

distended with saline rather than local anesthetic.
� Catheter is stiff and may cause paresthesia.
� Expensive if using specially designed catheters.

General principles of practice

This chapter is essentially a ‘‘how to do it’’ guide, and
detailed discussions of the indications and efficacy of the
blocks for various pain conditions are not appropriate.
This information can be found in the relevant chapters
elsewhere or in the reference included with each block.

RESUSCITATION EQUIPMENT

� Infrequently, systemic toxicity from the
administration of local anesthetic and neurolytic
agents can occur.

� These techniques should not be performed without
immediate availability of, and skill in using, airway
and cardiovascular resuscitation facilities.

ASEPTIC TECHNIQUE

� All equipment should be sterile and preferably
disposable.

� Cleaning fluids should be disposed of prior to
drawing up local anesthetic solutions to avoid error.

� Both gloves and a mask should be worn.

NEEDLES

� Preliminary skin infiltration and wheals are
performed with 23- or 25-gauge hypodermic needles.

� There is no consensus on which design of needle to
use for peripheral nerve block, both long and short
beveled needles have been shown to produce nerve
trauma.

� Short, beveled needles (angle approximately 451)
offer more feedback to the operator.

� Pencil-point needles (side port) are designed to
prevent intraneural injection and may yet prove to be
beneficial.

NERVE BLOCKS OF THE HEAD AND NECK

Occipital nerve block

INDICATIONS

� Diagnosis and treatment of occipital neuralgia.
� Scalp anesthesia for surgical procedures.
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As defined by the International Headache Society, occi-
pital neuralgia is diagnosed by successful local anesthetic
block of that nerve.7[II] Chronic occipital neuralgia can
be treated by repeated injections of local anesthetic and
depot steroid.

RELEVANT ANATOMY

� The greater occipital nerves originate from the
posterior rami of C2, often with a branch from C3.

� Interneuronal connections within the upper spinal
cord may allow occipital pain to be referred to the
trigeminal distribution.

� The nerve becomes subcutaneous inferior to the
superior nuchal line, 3 cm lateral to the occipital
protuberance, and lies immediately medial to the
occipital artery.

� The lesser occipital nerve originates from the anterior
rami of C2 and C3.

� The nerve runs upwards along the posterior border
of the sternomastoid muscle to supply the lateral and
posterior scalp.

� The lesser occipital nerve lies superficial to, and
becomes lateral to, the occipital artery.

LANDMARKS

� Greater occipital protuberance.
� Mastoid process.
� Occipital artery.

PRACTICAL STEPS (FIGURE 23.1)

� Best position is sitting with the head flexed.
� Selection of nerve for block is based on reproduction

of pain with nerve palpation.
� Identify the line between the occipital protuberance

and the mastoid process.
� Insert a 25-gauge needle subcutaneously 2 cm lateral

to the occipital protuberance, and medial to the
pulsation of the occipital artery.

� Inject 4–5mL of solution to block the greater
occipital nerve.

� Redirect the needle along the line between the bony
landmarks toward the mastoid process and inject a
further 3–4mL subcutaneously to block the lesser
occipital nerve.

COMPLICATIONS

� The superficial nature of the block should make
complications rare.

Peripheral branches of the trigeminal nerve

Blockade of the more peripheral branches (mental nerve,
infraorbital nerve, supraorbital nerve, and supratrochlear
nerve) has the advantage of a lower incidence of
unwanted motor blockade and sensory disturbances than
blockade of the Gasserian ganglion.8

Occipital protuberance

Sausages of solution

Greater occipital nerve

Occipital artery

Mastoid process

Lesser occipital nerve

Figure 23.1 Occipital nerve block. Landmarks for blockade of the greater and lesser occipital nerves. Reproduced with permission from

Pinnock CA, Fischer HBJ, Jones RP. Peripheral nerve blockade. Edinburgh: Churchill Livingstone, 1996.
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INDICATIONS

See Table 23.1.

RELEVANT ANATOMY (FIGURE 23.2)

� The three foramina for the mental nerve, the
infraorbital nerve, and the supraorbital nerve all lie
in the same plane, which passes through the pupil in
its resting position.

� The supratrochlear nerve lies medial to the
supraorbital nerve.

Mental nerve block

The mental nerve can be blocked by an intraoral or an
extraoral route. The extraoral route will be described.

LANDMARKS

� Mental foramen.

PRACTICAL STEPS

� Palpation to identify the mental foramen.
� Clean skin.
� A 25-gauge needle is inserted toward the foramen.
� To avoid nerve damage, the needle should not be

placed in the canal.
� Aspirate for blood.
� Inject 2–3mL of local anesthetic.
� Neurolysis can be achieved with incremental

injections of 0.1mL of glycerol or phenol in glycerol
after trial block with local anesthetic. Cryoanalgesia
can also be performed, but a small scar may occur.

Table 23.1 Indications for blockade of the peripheral branches of the trigeminal nerve.

Local anesthetic block Local anesthetic and steroid block Neurolytic block

Surgical anesthesia Adjunct to pharmacological treatment of trigeminal neuralgia Cancer pain

Differential neural block Atypical facial pain Trigeminal neuralgia

Trial block prior to neurolysis Cluster headaches Cluster headache

Palliation in acute emergencies Facial trauma

Palliation of acute shingles

Mental nerve

Mental foramen

Supratrochlear nerve

Supraorbital nerve

Foraminae and pupil
in line

Infraorbital
nerve

Needle insertion point over
mental foramen

X

Figure 23.2 Peripheral branches of the trigeminal nerve. Landmarks for blockade of supraorbital, infraorbital, and mental nerves.

Reproduced with permission from Pinnock CA, Fischer HBJ, Jones RP. Peripheral nerve blockade. Edinburgh: Churchill Livingstone, 1996.
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Infraorbital nerve block

LANDMARKS

� Infraorbital foramen.

PRACTICAL STEPS

� Palpate infraorbital foramen (1 cm lateral to external
nares and 1 cm below the lower border of the orbit).

� Insert a 25-gauge needle subcutaneously towards the
foramen.

� Avoid entering the canal with the needle.
� Aspirate for blood.
� Inject 2–3mL of local anesthetic.
� Neurolysis as above.

Supraorbital and supratrochlear nerve blocks

LANDMARKS

� Supraorbital notch.
� Bridge of nose.

PRACTICAL STEPS

� Palpate supraorbital notch.
� Clean skin, avoiding the eye.
� Move 25-gauge needle subcutaneously toward notch.
� Avoid entering foramen.
� Aspirate for blood.
� Inject 3–4mL of local anesthetic.
� Redirect needle medially toward the bridge of the

nose.
� Aspirate for blood.
� Inject a further 3–4mL of local anesthetic.
� For bilateral block, insert the needle in the midpoint

of the bridge of the nose.
� Neurolysis as above; avoid damaging hair follicles in

the eyebrow with cryoanalgesia.

COMPLICATIONS

� Trauma to nerves (compression).
� Facial hematoma.
� Infection.
� Activation of herpes zoster.
� Postneurolytic dysesthesia.

Spinal accessory nerve block

Primarily, the spinal accessory nerve block9 was advocated
for the treatment of cervical dystonias. However, the

efficacy and safety of botulinum toxin injections has
largely made this block redundant.

INDICATIONS

� Diagnosis and treatment of spasm of sternomastoid
or trapezius muscles (multiple sclerosis, posterior
fossa tumors, collagen diseases, or myopathies).

� Neurodestruction of the nerve has been carried out
by chemical, cryogenic, radiofrequency, or surgical
lesions.

RELEVANT ANATOMY

� Origin – nucleus ambiguus.
� Exits the skull through the jugular foramen.
� The nerve traverses the posterior border of the

sternomastoid muscle in the upper third of the
muscle.

� Along with the cervical plexus, the nerve innervates
the trapezius muscle.

LANDMARKS

� Posterior border of the sternomastoid.

PRACTICAL STEPS (FIGURE 23.3)

� Patient lies supine looking away from the side of the
block.

� Patient lifts the head against resistance to outline the
posterior border of the sternomastoid muscle.

� Insert a 25-gauge needle at the junction of the upper
one-third with the lower two-thirds of the posterior
border of the muscle.

� Direct the needle slightly anteriorly to a depth of
approximately 2 cm.

� Aspirate for blood.
� Inject 10mL of local anesthetic, which may be

combined with steroid (up to 80mg depot
methylprednisolone).

COMPLICATIONS

� Inadvertent intravascular injection (jugular vessels).
� Hematoma (reduced by applying pressure or ice

packs).
� Inadvertent block of phrenic, recurrent laryngeal,

vagus, or glossopharyngeal nerves.
� Inadvertent central neural block.

Cervical plexus block

Cervical plexus block10 can be deep or superficial; the
deep block also provides muscle relaxation (motor block).
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INDICATIONS

� Surgery of the neck (usually carotid endarterectomy).
� Pharyngeal cancer pain.
� Occipital and posterior auricular neuralgia.

Superficial cervical plexus block

RELEVANT ANATOMY (FIGURE 23.4a)

� The superficial branches of the plexus (C2–4) are
cutaneous and emerge from behind the posterior
border of the sternomastoid muscle at its midpoint.

� They penetrate the cervical fascia and radiate out
subcutaneously.

� Innervates the skin of the scalp and ear (lesser
occipital and great auricular nerve).

� Innervates the skin of the submandibular area, the
neck, top of the shoulders, and anterior chest wall
(anterior cutaneous nerve and supraclavicular
nerves).

LANDMARKS

� Posterior border of the sternomastoid.
� Cricoid cartilage.

PRACTICAL STEPS

� Position patient supine with head turned away from
side of block.

� Single injection technique (Figure 23.4b):
– A line drawn laterally from the cricoid cartilage

usually crosses the middle of the posterior border of
the sternomastoid muscle where the nerves emerge.

– Insert a 22-gauge needle immediately behind the
muscle at the midpoint and at right angles to the
skin until it ‘‘pops’’ through the cervical fascia.

– Inject 10mL of local anesthetic solution, which if
correctly placed will be seen flowing up and down
the posterior border of the muscle.

� Superficial injection technique (Figure 23.4c):
– Insert a 22-gauge needle subcutaneously and

infiltrate along the middle one-third of the
posterior border of the sternomastoid.

– Inject 5–10mL of local anesthetic.

Deep cervical plexus block (Labat method)

RELEVANT ANATOMY

� The cervical roots emerge from the intervertebral
foraminae.

� They lie in the sulcus of the transverse processes
before combining to form the plexus.

� A deep plexus block is in effect a cervical
paravertebral block of C2–4.

LANDMARKS (FIGURE 23.5)

� Mastoid process.
� Chassaignac’s tubercle (C6).
� Cricoid cartilage.

PRACTICAL STEPS (FIGURE 23.5)

� The patient lies supine with the head turned away
from the side of the block.

� A line is drawn from the mastoid process to the
anterior tubercle of C6 at the level of the cricoid
cartilage.

� This line indicates the position of the cervical
transverse processes.

� On this line, the transverse processes of C2–4 are
palpated (approximately 1.5-cm intervals below the
mastoid process).

� C3 lies at the level of the hyoid bone.
� C4 lies at the level of the upper border of the thyroid

cartilage.
� The skin is infiltrated overlying the transverse

processes of C2, 3, and 4.
� A 22-gauge, 3.5-cm needle is inserted medially and

downwards onto the transverse processes at these
three points (usually less than 2 cm deep, they
become more superficial as they descend).

Trapezius muscle

Sternocleidomastoid muscle

Spinal accessory nerve

Figure 23.3 Spinal accessory nerve block. Landmarks for

blockade of the spinal accessory nerve. Reproduced with

permission from Cousins MJ, Bridenbaugh PO (eds). Neural
blockade in clinical anesthesia and management of pain.
Philadelphia: JB Lippincott, 1988.
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� The needle is then walked laterally off the transverse
process.

� Aspirate for blood and cerebrospinal fluid
(CSF).

� Inject 3–5mL of local anesthetic.

The needle must locate the transverse process as far
laterally as possible to avoid the vertebral artery. The
downward direction of the needle avoids insertion
into the intervertebral foramen, and reduces the risk of
epidural or subarachnoid injection.

Sternomastoid muscle

Sternomastoid muscle

Transverse section of neck

Accessory
nerve

Fascia

Skin

Sternomastoid muscle

Lesser occipital nerve

Great auricular nerve

Accessory nerve

Supraclavicular nerve

Trapezius muscle

Anterior cervical
nerve

Sternomastoid muscle

(a)

(b) (c)

Figure 23.4 (a) Cervical plexus. (b) Superficial cervical plexus block; landmarks for the single-injection technique. (c) Superficial

cervical plexus block; landmarks for the superficial injection technique. Reproduced with permission from Cousins MJ, Bridenbaugh PO

(eds). Neural blockade in clinical anesthesia and management of pain. Philadelphia: JB Lippincott, 1988.
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COMPLICATIONS

� Inadequate block for surgery.
� Intravascular injection of local anesthetic (vertebral

artery, jugular veins).
� Hematoma (tear of vein).
� Compression of carotid sheath (large volumes of

local anesthetic).
� Central neural blockade.
� Recurrent laryngeal nerve block (2 percent).
� Phrenic nerve block (50 percent).
� Hypoglossal nerve block.
� Injury of spinal cord.

NERVE BLOCKS OF THE UPPER LIMB

Brachial plexus block11

The literature describes over 40 different techniques,
which fall into four approaches: interscalene, supraclavi-
cular, infraclavicular, and axillary.

� No one technique is clearly better than another.
� The axillary approach is the easiest to learn with the

fewest complications.
� The infraclavicular, the lateral, and sagittal approach

(Klaastad’s approach) is becoming popular as it is

Cricoid cartilageChassaignac's tubercle (C6)

Mastoid process

C4
C3
C2

Chassaignac's tubercle (C6)Vertebral artery

C4

C3

C2

C1

C5

C6 Figure 23.5 Deep cervical plexus block. Landmarks

and needle insertion points for deep cervical plexus

block. Reproduced with permission from Cousins MJ,

Bridenbaugh PO (eds). Neural blockade in clinical
anesthesia and management of pain. Philadelphia: JB
Lippincott, 1988.
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usually successful, less painful than axillary blocks,
and well suited for catheter infusion and prolonged
analgesia.12, 13, 14

� The use of 40mL of solution (in a healthy male
patient) combined with digital pressure should
produce a satisfactory block, whatever approach is
used.

� Smaller volumes of solution are effective when
ultrasound guidance is used, as volume to surround
each root/cord can be visualized.

� The ‘‘immobile needle’’ technique is important.
Using a 10- to 20-cm extension tube, the needle can
be isolated from the movements of the syringe
(aspiration, injection, and changing of syringes).

� A short, beveled needle may give better sensation
when the brachial plexus sheath is breached.

� A peripheral nerve stimulator is often used to
confirm the needle position, and pulse synchronous
muscle movements are easily detected in the arm.

� Onset of block may take up to 40 minutes with
bupivacaine.

INDICATIONS

� Surgical anesthesia of the shoulder, arm, or hand.
� Postsurgical analgesia employing continuous

infusion.
� Chronic pain management employing intermittent

bolus or continuous infusion:
– Differential block.
– Complex regional pain syndrome (to facilitate

physical therapy).
– Brachial plexus invasion by tumor.

RELEVANT ANATOMY (FIGURE 23.6)

(The ramifications and various junctions of the roots on
their way to becoming peripheral nerves are not clinically
relevant, only the anatomy of practical use will be
described.)

� Roots arise from C4–T1.
� The radial nerve supplies all dorsal muscles in the

upper arm below the shoulder.
� The musculocutaneous nerve supplies the muscles in

the arm and skin sensation in the forearm.
� The median and ulnar nerves are nerves of passage in

the arm, but result in motor function in the forearm
and hand together with sensation in the hand.

� The median nerve is mainly responsible for forearm
innervation, whereas the hand is more heavily
innervated by the ulnar nerve.

� The four main peripheral nerves can be checked
using the ‘‘four Ps’’ (Table 23.2).

� The vertebral arteries leave the brachiocephalic or
subclavian arteries and travel upwards to enter a

bony canal in the transverse process of C6. It is
important to be aware of needle tip position in this
area.

� The phrenic nerve passes through the neck to the
thorax on the ventral surface of the anterior scalene
muscle. It is always blocked with the interscalene
approach.

Interscalene block

� Best for shoulder analgesia.
� Often the ulnar nerve is spared.
� Can be performed with arm in any position.

LANDMARKS

� Cricoid cartilage.
� Posterior border of the sternomastoid muscle.
� Interscalene groove.

PRACTICAL STEPS (FIGURE 23.7)

� Position the patient supine with the head on a
pillow, and turned away from the side of the
block.

� Push patient’s shoulder to lower the clavicle.
� A line drawn laterally from the cricoid cartilage

crosses the midpoint of the sternomastoid.
� Locate the interscalene groove behind the midpoint

of the posterior border of sternomastoid (roll
fingers).

� The interscalene groove is at an oblique angle to the
sternomastoid (it is not parallel to the
sternomastoid).

� Asking the patient to sniff or inspire vigorously will
relax the scalene muscles enough to feel the
transverse process of C6.

� At this point, insert a 22-gauge, 3.5-cm needle
aiming slightly caudad, posterior, and medially (an
extension of the needle would exit the neck through
the spinous process of T1).

� The plexus sheath will usually be breached at
1–2.5 cm deep; remember this should be a very
superficial block.

� Advance the needle carefully until paresthesiae are
elicited or there is a motor response with a nerve
stimulator.

� Aspirate for blood or CSF.
� Inject slowly and incrementally.

An interscalene catheter can provide prolonged analgesia,
particularly after shoulder surgery. Phrenic nerve palsy
and respiratory problems have been reported, therefore
the optimal infusion regime needs to be decided on an
individual patient basis.
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Meier’s approach

A different technique is required to place an interscalene
catheter (Meier’s approach).

LANDMARKS

� Posterior border of sternomastoid.
� Thyroid cartilage (C4).
� Subclavian artery.

PRACTICAL STEPS

� Place a mark at posterior border of sternomastoid at
level of thyroid cartilage (C4).

� Draw a line from this mark to the subclavian artery
above the clavicle and over the first rib.

� This line approximates to the interscalene groove.
� Insert catheter placement device caudally and parallel

to the marked interscalene groove towards the
subclavian artery.

� Stimulation of the deltoid muscle should occur at a
depth of 3.5–5 cm.

� Real time ultrasound aids accurate catheter
placement and allows visualization of the volume of
solution to surround the plexus roots.

Supraclavicular block (subclavian perivascular
technique)

� Best chance of blocking the entire arm.
� Delayed onset of pneumothorax may preclude use as

an outpatient procedure.
� Block carried out at the ‘‘division’’ level of the

plexus.

LANDMARKS

� Cricoid cartilage.
� Posterior border of the sternomastoid.
� Clavicle.
� Pulsation of subclavian artery.

PRACTICAL STEPS (FIGURE 23.8)

� Patient lies supine with a small pillow, head turned
away from the side of the block.

� Locate the interscalene groove as above.
� Follow the interscalene groove distally until it meets

the clavicle.
� The pulsation of the subclavian artery can be felt in

the interscalene groove 1 cm superior to the clavicle
at its midpoint.

Table 23.2 Testing of four main peripheral nerves of the brachial

plexus.

‘‘Four Ps’’ Action Nerve checked

Push Extend arm with triceps Radial

Pull Flex arm with biceps Musculocutaneous

Pinch Fifth digit Ulnar

Pinch Index finger Median

Supraclavicular

Suprascapular

Musculocutaneous

Axillary

Radial

Median

Ulnar

Medial cutaneous
of forearm

Medial cutaneous
of arm

Intercostobrachial

Phrenic

C4

C5

C6

C7

C8

T1

T2
Figure 23.6 Brachial plexus. Basic anatomy

of the brachial plexus. Reproduced with

permission from Pinnock CA, Fischer HBJ,

Jones RP. Peripheral nerve blockade.
Edinburgh: Churchill Livingstone, 1996.
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� The ideal position for needle insertion is just above
the pulsation of the subclavian artery.

� Insert a 22-gauge, 3.5-cm needle caudally in the
horizontal plane, parallel to the neck.

� The needle should pierce the plexus sheath 1–2 cm
deep to the skin.

� Paresthesiae may occur immediately, and usually
occur in the distribution of the superior trunk.

� A peripheral nerve stimulator may be used to
confirm the needle position.

� Hold the needle in a steady position and aspirate for
blood.

� Inject local anesthetic solution using digital pressure
to encourage proximal or distal spread of local
anesthetic as desired.

� Sheath should be seen distending.
� Subcutaneous swelling indicates an extrasheath

injection.
� Continuous supraclavicular analgesia is not

popular due to fear of pneumothorax. Real time
ultrasound has been reported to be superior
to nerve stimulation to aid catheter placement
and should reduce fears of pleural
puncture.

External jugular
vein

Insert needle at
level of cricoid
cartilage

Draw line to bisect
sternomastoid muscle

Sternomastoid muscle

Palpate interscalene
groove

Push shoulder
down

Palpate cricoid

5
1

4

3

2

Figure 23.7 Interscalene block. Landmarks

and steps for performing interscalene brachial

plexus block. Reproduced with permission

from Pinnock CA, Fischer HBJ, Jones RP.

Peripheral nerve blockade. Edinburgh:
Churchill Livingstone, 1996.

External jugular
vein

Insert needle
cephalad to
subclavian artery

Draw line to bisect
sternomastoid muscle

Sternomastoid muscle

Palpate interscalene
groove

Push shoulder
down

Palpate cricoid

5 1

4

3

2

Figure 23.8 Supraclavicular block.

Landmarks and steps for performing

supraclavicular brachial plexus block.

Reproduced with permission from Pinnock CA,

Fischer HBJ, Jones RP. Peripheral nerve
blockade. Edinburgh: Churchill Livingstone,
1996.
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INFRACLAVICULAR, THE LATERAL AND SAGITTAL BLOCK
(METHOD OF KLAASTAD12, 13, 14)

The target is the plexus cords posterior to the pectoralis
minor muscle.

LANDMARKS

� Lower border of clavicle.
� Medial aspect of coracoid process.
� Sagittal and coronal planes.

PRACTICAL STEPS (FIGURE 23.9)

� Patient lies supine with arm adducted and hand
across abdomen.

� The junction of the medial aspect of the coracoid
process and clavicle is marked.

� At this point a 22-gauge needle is inserted
tangentially to the anteroinferior border of the
clavicle and directed 151 posterior to the horizontal
(coronal) plane.

� Cord contact is expected at a needle depth of
4–6.5 cm.

� A peripheral nerve stimulator is useful as it allows
the patient to be sedated (needle insertion can be
painful).

� Aspirate for blood (cephalic vein, axillary artery or
vein), vascular puncture occurs infrequently.

� Real time ultrasound guidance reduces incidence of
vascular puncture to 0.7 percent.

� Inject local anesthetic solution incrementally.

Continuous infraclavicular block can prolong analgesia
after distal arm surgery. Continuous infusion is not lim-
ited by the risks of phrenic nerve palsy. This technique has
the advantage of an immobile insertion point limiting
catheter dislodgment and aiding sterility. Real time
ultrasound aids accurate catheter placement and optimal
volume of solution to surround cords.

Axillary block

� Most effective for analgesia distal to the elbow.
� Risk of complications is low.
� Block can be single shot or continuous.
� Since the axillary artery lies at the center of a four-

quadrant neurovascular bundle, some favor multiple
injections to improve the quality of block.

� The block does not have to be performed high in the
axilla, needle insertion in the mid to lower portion
of the axillary hair patch may be easier and equally
effective.

� The musculocutaneous nerve may be spared and
require separate block.

� The intercostobrachial nerve is not part of the plexus
and is blocked separately by subcutaneous infiltration
in the medial axilla (prevents tourniquet pain).

LANDMARKS

� Axillary artery pulsation.
� Lateral border of pectoralis major.

PRACTICAL STEPS (FIGURE 23.10)

Position patient supine with arm abducted to 901 at the
shoulder and the elbow flexed to 901 (overabduction may
compress the axillary artery).

� Single injection or insertion of the cannula:
– palpate the pulsation of the axillary artery at the

level of the lateral border of the pectoralis major;
– fix the artery with the palpating finger;
– insert a 22-gauge, 3.5-cm needle or cannula just

superior to the artery and parallel to it as if going
to cannulate the artery;

– as the plexus sheath is pierced, a change of
resistance should be felt;

– paresthesiae indicate correct needle placement;
– a peripheral nerve stimulator can confirm the

needle position;
– aspirate for blood;
– inject local anesthetic solution using digital

pressure to encourage proximal spread of solution;
– if the axillary artery is inadvertently entered, the

needle can either be withdrawn or it can be
advanced beyond the artery and the injection
made deep to the artery (transarterial technique);

Figure 23.9 Right infraclavicular region. The coracoid process

(cp) and the clavicle (cl) are marked in black. The white needle

is directed approximately 151 posterior to the coronal plane.

Cord contact is expected by a needle depth of 4–6.5 cm.

Reprinted with permission from Klaastad Ø, Smith H-J, Smedby Ö

et al. A novel infraclavicular brachial plexus block: the lateral and

sagittal technique, developed by MRI studies. Anesthesia and
Analgesia. 2004; 98: 252–6.
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– successful injection is indicated by a ‘‘sausage-
shaped’’ distension of the plexus sheath, whereas
subcutaneous injection is indicated by a
‘‘hamburger-shaped’’ distension in the axilla.

� Multiple injections (Figure 23.11):
– palpate and fix the axillary artery;
– inject around the axillary artery in a ‘‘fan-like’’

manner;
– divide the local anesthetic dose into four quadrant

injections;
– the median nerve is found in the 12-to-3

quadrant (as on a clock);
– the ulnar nerve in the 3-to-6 quadrant;
– the radial nerve in the 6-to-9 quadrant;
– the musculocutaneous nerve in the 9-to-12

quadrant within the substance of the
coracobrachialis muscle;

– multiple stimulation has been reported as well
tolerated in awake patients;

– real time ultrasound aids accurate visualization of
the nerves within these quadrants and optimal
volume of solution to surround the nerves.

Continuous axillary block was one of the first perineural
sites to be investigated. The ease of catheter placement
and safety of infusion make this a popular technique. The
main disadvantage is preventing catheter dislodgment
and maintaining sterility of insertion site and catheter.

COMPLICATIONS OF BRACHIAL PLEXUS BLOCK

For a description of possible complications, see Table
23.3.

Axillary vein Radial nerve

Ulnar nerve Axillary arteryAxillary sheath of
brachial plexus

Median nerve

Pectoralis major

Musculocutaneous nerve

Deltoid
Biceps

Coracobrachialis

Pectoralis major

Figure 23.10 Axillary block. Landmarks for axillary brachial plexus block. Reproduced with permission from Cousins MJ, Bridenbaugh

PO (eds). Neural blockade in clinical anesthesia and management of pain. Philadelphia: JB Lippincott, 1988.

Humerus
Coracobrachialis muscle

Musculocutaneous nerve

Median nerve

Ulnar nerve

Radial nerve

Axillary artery

3

12

9

6

Figure 23.11 Axillary block: multiple injection technique.

Needle insertion points for performing axillary brachial plexus

block by multiple injection technique. Reproduced with

permission from Cousins MJ, Bridenbaugh PO (eds). Neural
blockade in clinical anesthesia and management of pain.
Philadelphia: JB Lippincott, 1988.
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Suprascapular nerve block

The suprascapular nerve can be blocked by the anterior,
posterior, or superior approach.15 Only the posterior
approach will be described.

INDICATIONS

Local anesthetic block

� Postsurgical pain relief.
� Assessment of shoulder pain (differential block).
� Trial block prior to neurolysis.

Local anesthetic and depot steroid block

� To facilitate physical therapy of the shoulder joint
(capsulitis, bursitis, tendonitis).

� Shoulder stiffness and pain secondary to complex
regional pain syndrome.

Neurolytic block

� Cancer pain.

RELEVANT ANATOMY

� The suprascapular nerve is a branch of the brachial
plexus (C4–6).

� The nerve passes under the coracoclavicular ligament
through the suprascapular notch.

� The artery and vein accompany the nerve through
the notch.

� The nerve supplies sensation of the shoulder joint.
� The nerve innervates infraspinatus and supraspinatus

muscles.

LANDMARKS

� Spine of scapula.

PRACTICAL STEPS (FIGURE 23.12)

� The posterior approach is only suitable for conscious
patients because the patient is sitting.

� Palpate the spine of the scapula and identify its
midpoint.

� The suprascapular notch lies approximately 1 cm above.
� Insert a 22-gauge, short, beveled needle at right

angles to the skin until bony contact is made (usually
2–3 cm).

� ‘‘Walk’’ the needle upwards to the edge of the
suprascapular notch.

� Paresthesiae may occur.
� Avoid entering the notch too deeply and causing

nerve damage or pneumothorax.
� Avoid angling the needle superiorly and passing over

the top of the scapula.
� Aspirate for blood.
� Inject 10mL of local anesthetic (1/– steroid).

COMPLICATIONS

� Intravascular injection.
� Pneumothorax.

Nerve blocks at the elbow16

� The ulnar, median, and radial nerves may be blocked
at the elbow.

� This provides sensory loss to the hand and motor
loss to forearm and hand muscles.

� Sensory loss to the forearm requires block of the
lateral, medial, and posterior cutaneous nerves of the
forearm.

INDICATIONS

� Minor surgery or postsurgery analgesia distal to the
elbow.

� Supplementation of brachial plexus block.
� Localization of pain to a single nerve.

RELEVANT ANATOMY

� The ulnar nerve enters the forearm by passing
behind the medial epicondyle of the humerus before
passing down the ulnar side of the forearm.

� The median nerve lies immediately medial to the
brachial artery just proximal to the flexor skin crease
of the elbow. It lies just deep to the bicipital
aponeurosis.

Table 23.3 Complications of brachial plexus blocks.

Axillary Infraclavicular Supraclavicular Interscalene

Vertebral artery injection � � 1/� 11 Rare but can be lethal

Subarachnoid/epidural injection � � 1 11 Rare but dangerous

Phrenic nerve palsy 1/� 1/� 11 111 36–90% usually asymptomatic

Recurrent laryngeal nerve palsy � � 1 1 1.5–6% incidence

Stellate ganglion block 1 1 11 111 50–90% incidence

Pneumothorax 1/� 1/� 111 1 0.6–25% usually asymptomatic
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� The medial cutaneous nerve of the forearm lies
subcutaneously above the bicipital aponeurosis.

� The radial nerve is the largest branch of the plexus.
It crosses in front of the lateral epicondyle of the
humerus, in a groove deep to the brachioradialis
muscle and lateral to the biceps tendon to enter the
forearm.

� The lateral cutaneous nerve of the forearm is the
continuation of the musculocutaneous nerve and lies
just below the deep fascia, lateral to the biceps tendon.

� The posterior cutaneous nerve of the forearm is a
proximal branch of the radial nerve and lies
subcutaneously over the lateral epicondyle of the
humerus.

Ulnar nerve block

LANDMARKS

� Medial epicondyle of humerus.
� Ulnar sulcus.

PRACTICAL STEPS (FIGURE 23.13)

� Place the hand behind the head under a pillow.
� At the elbow, palpate the medial epicondyle.

Figure 23.12 Suprascapular nerve block. Landmarks and needle insertion point for suprascapular nerve block (posterior approach).

Reproduced with permission from Eriksson E (ed.). Illustrated handbook in local anaesthesia. Copenhagen: Munksgaard, 1969.

Figure 23.13 Ulnar nerve block. Landmarks and needle

insertion point for ulnar nerve block. Reproduced with

permission from Cousins MJ, Bridenbaugh PO (eds). Neural
blockade in clinical anesthesia and management of pain.
Philadelphia: JB Lippincott, 1988.
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� Needle insertion site is 1 cm proximal to the
epicondyle, where it may be possible to palpate the
nerve.

� Insert a 25-gauge, 3.5-cm needle horizontally, 1–2 cm
deep to the skin, until paresthesiae are elicited.

� If bone is contacted, reposition the needle.
� Nerve is superficial.
� Take care not to inject into nerve.
� Inject 5mL of local anesthetic solution.
� Avoid the ulnar nerve sulcus within the epicondyle as

the nerve is fixed and easily damaged by a needle or
compression by local anesthetic.

Median nerve and medial cutaneous nerve of
the forearm blocks

LANDMARKS

� Antecubital fossa.
� Pulse of brachial artery.
� Medial border of biceps tendon.
� Head of pronator teres.

PRACTICAL STEPS (FIGURE 23.14)

� With the arm abducted to 451, palpate the
intermuscular groove between the biceps tendon and
pronator teres.

� Locate the brachial pulse within this groove.
� At this point, insert a 25-gauge, 3.5-cm needle just

medial to the artery and just proximal to the elbow
crease, angled at 451 to the skin.

� Piercing of the biceps aponeurosis may be felt.
� Once paresthesiae are elicited, inject 5mL of local

anesthetic solution slowly.
� On completion of the median nerve block, withdraw

the needle until subcutaneous.
� Redirect proximally along intermuscular groove,

injecting a ‘‘sausage’’ of local anesthetic (5–7mL of
solution).

Radial nerve and lateral cutaneous nerve of the
forearm blocks

LANDMARKS

� Antecubital fossa.
� Lateral epicondyle of humerus.
� Lateral border of biceps tendon.
� Medial border of brachioradialis muscle.

PRACTICAL STEPS (FIGURE 23.14)

� Palpate the intermuscular groove between the biceps
and brachioradialis muscles just proximal to the
flexor skin crease of the antecubital fossa.

� The nerve runs deep to the brachioradialis at this
point.

� A nerve stimulator is useful as nerve location can be
difficult.

� Insert a 25-gauge, 3.5-cm needle directed proximally
to reach the anterior aspect of the lateral epicondyle.

� After contact with bone, inject 5mL of local
anesthetic solution.

� While withdrawing the needle, inject a further 5mL
of solution to block the lateral cutaneous nerve,
which lies just deep to the fascia lateral to the biceps
tendon.

Posterior cutaneous nerve of forearm block

� Flex arm across the chest of the patient.
� Inject a subcutaneous ‘‘sausage’’ over the lateral

epicondyle toward the olecranon process.
� Inject 5mL of local anesthetic solution.

COMPLICATIONS

� Risk of nerve damage with intraneural injection.
� Compression of nerve with a large volume of local

anesthetic.
� Hematoma.

Biceps

Brachial
artery

Median
nerve

Biceps
tendon

Radial nerve

Intercondylar
line

2 cm

Figure 23.14 Median and radial nerve blocks. Landmarks and

needle insertion point for median and radial nerve blocks at the

elbow. Reproduced with permission from Cousins MJ,

Bridenbaugh PO (eds). Neural blockade in clinical anesthesia
and management of pain. Philadelphia: JB Lippincott, 1988.
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Nerve blocks at the wrist

Nerve blocks at the wrist17 produces sensory block of
the hand and motor block of the intrinsic hand muscles.
The flexor and extensor muscle of the forearm are left
intact.

INDICATIONS

� Minor surgery of all or part of the hand.
� Complex hand surgery where ability to use forearm

muscles is required.
� Postsurgical analgesia (after brachial plexus block, to

regain control of arm).
� Localization of pain in the territory of a single nerve.

RELEVANT ANATOMY

� The median nerve lies superficially at the level of the
proximal skin crease, between the tendon of palmaris
longus and the tendon of flexor carpi radialis.

� The ulnar nerve is lateral and deep to the flexor carpi
ulnaris tendon, medial to the artery.

� The radial nerve emerges deep to the brachioradialis
tendon and winds round the radius onto the dorsum
of the wrist.

Ulnar nerve block (medial approach)

� The ulnar nerve divides into a dorsal and a palmar
branch, both branches need to be blocked.

� The nerve can be blocked by a ventral or a medial
approach. The medial approach allows both nerve
branches to be blocked from the same needle
insertion site. The medial approach is less likely to
damage the artery.

LANDMARKS

� Flexor carpi ulnaris tendon.
� Ulnar artery pulse.
� Pisiform bone.

PRACTICAL STEPS (FIGURE 23.15)

� Position arm supine and abducted.
� At 1 cm proximal to the pisiform bone at the wrist,

insert a 25-gauge needle at 901 to the skin
immediately deep to the flexor carpi ulnaris.

� Advance the needle to a depth of 1–2 cm and
aspirate for blood.

� Inject 4mL of local anesthetic solution.
� Withdraw the needle until subcutaneous and redirect

both dorsally and ventrally to block the dorsal and
palmar branches with 2mL of solution.

Median nerve block

LANDMARKS

� Flexor carpi radialis tendon.
� Palmaris longus tendon (if present).

PRACTICAL STEPS (FIGURE 23.16)

� Ask the patient to flex their wrist against resistance
to outline the tendon of palmaris longus.

� If present, insert a 25-gauge needle just lateral to the
tendon.

� If not present, insert needle 1 cm medial to the ulnar
border of the flexor carpi radialis tendon.

� The flexor retinaculum should be encountered at a
depth of less than 1 cm.

Needle
insertion
depth 1.5 cm

Pisiform Flexor carpi
ulnaris

Ulnar
artery

Figure 23.15 Ulnar nerve block. Landmarks

and needle insertion point for ulnar nerve

block at the wrist. Reproduced with

permission from Pinnock CA, Fischer HBJ,

Jones RP. Peripheral nerve blockade.
Edinburgh: Churchill Livingstone, 1996.
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� Advance the needle a further 2–3mm as the nerve
lies immediately deep to the retinaculum.

� Move needle fanwise to elicit paresthesiae.
� Immobilize needle and inject 3mL of local anesthetic

solution.
� Resistance to injection should not occur (withdraw

to prevent intraneural injection).
� Withdraw needle until subcutaneous, and inject a

further 2mL to block the palmar cutaneous
branch.

Radial nerve block

LANDMARKS

� ‘‘Anatomical snuff box.’’
� Radial styloid.
� Ulnar styloid.

PRACTICAL STEPS (FIGURE 23.17)

� At the level of the ‘‘anatomical snuff box,’’ the radial
nerve is superficial.

� Insert a 25-gauge needle and raise a subcutaneous
‘‘sausage’’ of local anesthetic solution in a ring from
across the base of the anatomical snuff box toward
the ulnar border of the wrist in a line joining both
styloid processes together.

� Inject 7–10mL of local anesthetic solution.
� This technique more resembles a ‘‘field block.’’

COMPLICATIONS

� Nerve blocks at the wrist are superficial and
complications are few.

� Risk of nerve damage if intraneural injection occurs.
� Hematoma.

Needle insertion
point

Palmaris longus
tendon

Flexor carpi
radialis

Subcutaneous
sausage to
complete block
(palmar cutaneous
branch)

Figure 23.16 Median nerve block.

Landmarks and needle insertion point for

median nerve block at the wrist. Reproduced

with permission from Pinnock CA, Fischer HBJ,

Jones RP. Peripheral nerve blockade.
Edinburgh: Churchill Livingstone, 1996.

Extensor pollicis
longus

Extensor pollicis
brevus

Subcutaneous sausage
across base of the
anatomical snuff box

Figure 23.17 Radial nerve block. Landmarks

and needle insertion point for radial nerve

block at the wrist. Reproduced with

permission from Pinnock CA, Fischer HBJ,

Jones RP. Peripheral nerve blockade.
Edinburgh: Churchill Livingstone, 1996.
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NERVE BLOCKS OF THE THORAX AND
ABDOMEN

Thoracic paravertebral block18

INDICATIONS

Local anesthetic block

� Analgesia following thoracotomy or nephrectomy.
� Fractured ribs.
� Thoracic vertebral collapse or compression fracture.
� Acute herpes zoster.
� Differential block for evaluation of chest wall, upper

abdominal, and thoracic spinal pain.
� Prognostic block prior to neurolysis.

Local anesthetic and steroid block

� Postthoracotomy pain.
� Postherpetic neuralgia.
� Rib fractures.

Neurolytic block (phenol, cryoneurolysis, or
radiofrequency)

� Cancer of thoracic spine, ribs, chest wall, and
abdominal wall.

RELEVANT ANATOMY

� The spinal cord gives rise to 12 pairs of thoracic
nerves (T1–12).

� The thoracic paravertebral nerves pass below the
transverse process of the vertebra after leaving their
intervertebral foramina.

� A branch loops back through the intervertebral
foramina to supply the spinal ligaments, meninges,
and vertebra.

� Within the paravertebral space, the thoracic nerve
communicates with the sympathetic nervous system
and then divides into a posterior and anterior
primary division.

� The posterior division supplies the interfacetal joints,
muscles, and skin of the back.

� The anterior division passes into the subcostal groove
beneath the rib to become the intercostal nerve.

� The 12th thoracic nerve lies beneath the 12th rib and
becomes the subcostal nerve.

� The intercostal and subcostal nerves supply skin,
muscles, ribs, parietal pleura, and parietal peritoneum.

LANDMARKS

� Thoracic vertebral spinous processes.

PRACTICAL STEPS (FIGURE 23.18)

� Patient may be positioned prone or lateral.
� Identify the spinous process of the vertebra above the

nerve to be blocked.

� Mark a point 3 cm lateral to the upper (cephalad)
border of the spinous process.

� At this point, insert a 22-gauge, 8-cm spinal needle
perpendicular to the skin and advance the needle
aiming for the transverse process (usual depth
3–4 cm).

� Withdraw the needle slightly and redirect upwards
(cephalad) so that the needle tip ‘‘walks off ’’ the
upper border of the transverse process.

� Once bony contact is lost, advance the needle a
further 2–3 cm.

� Avoid directing the needle too medial as an epidural
or intrathecal injection may occur.

� Avoid directing the needle too lateral as an
intercostal or interpleural injection may
occur.

� As the needle is advanced beyond the
transverse process, a loss of resistance
may be felt as the costotransverse ligament is
crossed.

� Loss of resistance to saline can be used to confirm
the needle position.

� Occasionally, paresthesiae may occur.
� A nerve stimulator can be used, when pulse

synchronous movement of the rectus muscle will be
seen.

� Aspirate for CSF or blood.
� Inject 5mL of local anesthetic solution to block three

or four dermatomes.
� If continuous analgesia is planned, the procedure can

be performed using a peridural kit, leaving behind a
catheter in the paravertebral space.

Spinous
process

Epidural
space

Inferior articular
process

Dorsal ramus
Ventral ramus

(intercostal nerve)

Rami
communicantes

Spinal ganglion

Transverse
process

Inferior costal
facet
Sympathetic
ganglion

Vertebral body

Figure 23.18 Thoracic paravertebral block. Landmarks and

needle insertion point for thoracic paravertebral block.

Reproduced with permission from Cousins MJ, Bridenbaugh PO

(eds). Neural blockade in clinical anesthesia and management of
pain. Philadelphia: JB Lippincott, 1988.
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COMPLICATIONS

� Pneumothorax (up to 20 percent incidence).
� Epidural, subdural, or intrathecal injection.
� Trauma to nerve roots.
� Hematoma.
� Infection (immunocompromised patients).

Intercostal nerve block19[I]

INDICATIONS

Local anesthetic block

� Rib fractures.
� Chest wall contusion.
� Pleurisy.
� Fractured sternum.
� Insertion of chest drain.
� Analgesia after thoracic or abdominal surgery.
� Diagnostic block in visceral versus somatic pain.

Local anesthetic and steroid

� Acute herpes zoster.
� Postherpetic neuralgia.
� Postthoracotomy pain.

Neurolytic block

� Rib or chest wall invasion by tumor.

RELEVANT ANATOMY

� Intercostal nerves are the continuation of the
anterior primary division of thoracic nerves. T1
contributes to the brachial plexus; T2–3 form a
cutaneous branch to the arm (intercostobrachial
nerve); T12 forms the subcostal nerve, which
descends in the abdominal wall and communicates
with L1.

� The classic vein, artery, and nerve pattern below each
rib only occurs in 17 percent of people. The nerve
varies from midcostal (73 percent) to supracostal (10
percent). Intercostal nerves may split into two
distinctive bundles, which may later rejoin.

� Each intercostal nerve usually gives off four branches
(Table 23.4).

LANDMARKS

� Angle of rib.
� Midaxillary line.

PRACTICAL STEPS (FIGURE 23.19)

Posterior approach

The block is performed posteriorly at the angle of the rib,
just lateral to the sacrospinous muscles (usually 8 cm
lateral to the spinous process).

� Count ribs upwards from 12th rib and identify angle
of required rib.

� Retract skin and subcutaneous tissues upwards.
� Insert a 25-gauge, 3.5-cm needle onto the rib.
� Withdraw the needle and redirect to ‘‘walk off ’’ the

lower border of the rib.
� Aspirate for blood.
� Inject 3–4mL of local anesthetic solution.
� Multiple blocks are often carried out together and

can be painful.

Midaxillary approach

� This block is performed in the midaxillary line. The
lateral cutaneous branch may be missed, but this can
be blocked by infiltrating subcutaneously on
withdrawal of the needle.

� Suitable for supine patients that cannot be
turned.

� Upper intercostal nerves can be blocked by raising
the patient’s arm to access the axilla.

Anterior approach

� The intercostal nerves can be blocked anterior to the
midaxillary line.

� Parasternal blocks may be used after sternotomy or
rectus sheath blocks for abdominal wall analgesia.

COMPLICATIONS

� Pneumothorax (related to the experience of the
operator and failure to control the depth of the
needle).

� Systemic toxicity.
� Hypotension (central spread of local anesthetic).
� Respiratory depression (effective nerve block after

systemic opioids).

Interpleural block

The exact mechanism of action for an interpleural block20

is not understood, but it has been shown that sensory and
autonomic fibers are blocked, and often a unilateral block
has bilateral effects. Interpleural block should not be
attempted bilaterally as the risk of pneumothorax is too
great.

Table 23.4 Branches of the intercostal nerves.

Branch Innervation

Gray rami communicantes Sympathetic ganglion

Posterior cutaneous branch Paravertebral muscles and skin

Lateral cutaneous division Anterior and lateral skin sensation

Anterior cutaneous branch Midline chest and abdominal skin
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INDICATIONS

Postsurgical analgesia

� Unilateral subcostal analgesia after surgery.
� Breast surgery.
� Renal surgery.
� Multiple rib fractures.
� Cardiac surgery.

Chronic pain

� Chronic pancreatitis.
� Postherpetic neuralgia.
� Complex regional pain syndrome.

Cancer pain

� Pancreatic cancer.
� Upper abdominal cancer.
� Breast cancer.
� Chest wall cancer.

RELATIVE CONTRAINDICATIONS

� Significant respiratory disease (pneumothorax would
be disastrous).

� Bronchopleural fistula.
� Prior pleurodesis.

RELEVANT ANATOMY

� The pleural space is 10–20 mm wide and 2000 cm2 in
area (in an adult male).

� The interpleural space lies between the visceral pleura
lining the heart and lungs and the parietal pleura
covering the thoracic cage.

� Interpleural pressure varies from –12 cmH2O at the
lung apices to –5 cmH2O at the lung bases.

LANDMARKS

� Angle of sixth or seventh rib.

PRACTICAL STEPS (FIGURE 23.20)

The patient’s position is determined by the requirement
of the block.

� Sensory block of intercostal nerves: position the
patient with affected side down with head down tilt
(201) to block T1–9.

� Sympathetic block: affected side up with head down
tilt for cervical sympathetic chain.

� Combined sensory and sympathetic block:
initially, affected side up, then turn patient
supine:
– with the patient in the lateral position, identify

the angle of the sixth or seventh rib;
– insert an 18-gauge Tuohy needle attached to a

‘‘loss-of-resistance’’ device (either a syringe of
saline or a 500-mL bag of saline);

– aim the needle at 451 toward the upper edge of
the rib;

– once contact has been made with the rib, walk the
needle off the upper border of the rib and
advance into the pleural space;

– at this point, the saline will run easily or can be
injected easily;

– hold needle immobile with one hand and either
insert a catheter or slowly inject 20mL of local
anesthetic solution;

– the technique can be refined using one of several
commercially available devices. Special ‘‘closed

Rib

Artery Intercostal
muscle

Bleb of local
anesthetic

Reangle needle when
passing inferior angle
of rib

Skin

NerveVein

Inferior angle
of rib

Pull bleb cephalad over
inferior angle of rib with
a finger

Needle inserted
through bleb

Figure 23.19 Intercostal nerve block.

Landmarks and needle insertion point for

intercostal nerve block. Reproduced with

permission from Pinnock CA, Fischer HBJ,

Jones RP. Peripheral nerve blockade.
Edinburgh: Churchill Livingstone, 1996.
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system’’ kits are available with ‘‘one-way valves’’ to
prevent the entrainment of air;

– the needle is best inserted at the end of expiration
to minimize risk of lung damage;

– a postblock chest radiograph is advised,
particularly after catheter insertion.

COMPLICATIONS

� Pneumothorax (5 percent).
� Pleural effusion (0.4 percent).
� Systemic toxicity of local anesthetic.
� Malposition of catheter.
� Infection.
� Bronchopleural fistula.

Ilioinguinal, iliohypogastric, and genitofemoral
nerve blocks21

INDICATIONS

� Inguinal hernia surgery.
� Postsurgical analgesia.
� Ilioinguinal–iliohypogastric neuralgia.
� Genitofemoral neuralgia.
� Chronic testicular pain.
� Neuroma.

RELEVANT ANATOMY

� The iliohypogastric nerve (L1) runs between
transversus abdominus and internal oblique muscles
reaching the lower abdomen 4 cm medial to the
anterior superior iliac spine to supply the skin above
the inguinal ligament.

� The ilioinguinal nerve (L1) runs parallel to, but deep
to, the iliohypogastric nerve. The nerve passes
through the external inguinal ring and gives branches
to the scrotum (labia majora).

� The genitofemoral nerve (L1 and L2) splits into two
on the psoas muscle just above the inguinal ligament
to give the genital and femoral branches. The genital
branch follows the spermatic cord and supplies the
cremasteric muscle and skin of the scrotum (labia

majora), while the femoral branch supplies the skin
overlying the femoral triangle.

LANDMARKS

� Anterior superior iliac spine (ASIS).
� Pubic tubercle.
� External inguinal ring.

PRACTICAL STEPS (FIGURE 23.21)

Iliohypogastric and ilioinguinal nerve blocks

� Position the patient supine.
� Identify the ASIS.
� Mark a point 2 cm medial and inferior to the ASIS.
� Insert a 22-gauge, 3.5-cm needle at this point,

advancing until the resistance of the aponeurosis of
the external oblique muscle is felt.

� The needle is advanced slowly until the aponeurosis
is pierced, the iliohypogastric nerve lies just deep to
the aponeurosis.

� Aspirate for blood, and inject 5mL of local
anesthetic solution.

� Advance the needle further through the internal
oblique muscle (1–2 cm) and inject a further 5mL of
solution to block the ilioinguinal nerve.

Genitofemoral nerve block

� Invaginate the skin of the scrotum through the
external ring to exclude hernia contents in the canal.

� Palpate the line between the ASIS and the pubic
tubercle; 1 cm above its midpoint, the deep inguinal
ring can be felt – place a finger at this point.

� Insert a 22-gauge, 3.5-cm needle parallel to the canal,
1 cm distal to the finger overlying the deep ring.

� Often a loss of resistance is felt as the needle pierces
the external oblique aponeurosis to enter the
inguinal canal.

� Aspirate for blood and inject 5mL of local anesthetic
solution.

� The femoral vessels and nerve lie immediately deep
to the canal; therefore, the needle depth should be
controlled.

Rib
Neurovascular bundle
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Visceral pleura
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Figure 23.20 Interpleural block. Landmarks

and needle insertion point for interpleural

block. Reproduced with permission from

Pinnock CA, Fischer HBJ, Jones RP. Peripheral
nerve blockade. Edinburgh: Churchill
Livingstone, 1996.
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COMPLICATIONS

� Hematoma.
� Damage to the spermatic cord.
� Damage to the bowel.
� Inadvertent femoral nerve block.

NERVE BLOCKS OF THE LOWER LIMB

The more easily accomplished central nerve blockade is
often preferred to peripheal nerve blocks for surgical
anesthesia.22 However, in those patients in which central
nerve blockade is contraindicated or patients who cannot
tolerate the cardiovascular effects, peripheral nerve blocks
still have a place. Discrete nerve blockade always has a
place in diagnosis and treatment of chronic pain
syndromes.

The nerve supply to the lower limb comprises two
plexus and five major terminal branches.

Lumbar plexus block

The lumbar plexus can be blocked by two proximal
techniques: a paravertebral technique which blocks the
nerve roots and the lumbar plexus block or psoas
compartment block which blocks the loops of the
plexus.23 A distal technique has also been advocated,
referred to as either the ‘‘Winnie three-in-one block’’
the ‘‘inguinal paravascular block,’’ or the ‘‘fascia iliaca
block.’’

INDICATIONS

� Surgery of hip, thigh, or upper leg.
� Postsurgical analgesia.
� Cancer of hip or upper femur.

Blockade of the lower limb is not achieved without also
blocking the sacral plexus.

Figure 23.21 Ilioinguinal, iliohypogastric, and genitofemoral nerve blocks. Landmarks and needle insertion positions for ilioinguinal,

iliohypogastric, and genitofemoral nerve blocks. Reproduced with permission from Eriksson E (ed.). Illustrated handbook in local
anaesthesia. Copenhagen: Munksgaard, 1969.
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RELEVANT ANATOMY

� The lumbar plexus is formed by the anterior
divisions of L1–4; T12 is included in 50 percent and
occasionally L5.

� The plexus is formed in front of the lumbar
transverse processes and then lies as deep loops
within a ‘‘compartment’’ deep in the psoas muscle at
the medial border of quadratum lumborum.

� The individual nerves then course to their site of
innervation.

� The lumbar sympathetic chain is closely related: it
lies on the anterolateral surface of the lumbar and
sacral bodies medial to the anterior foramina.

� There are connections between the lumbar plexus
and the sympathetic chain, despite being separated
anatomically.

� Lumbar spinous processes are nearly horizontal and
are usually 3–4 cm deep.

� Lumbar transverse processes are short (3 cm). The
average depth of a transverse process to skin is 5 cm.

LANDMARKS

� Spinous process of lumbar vertebrae.

PRACTICAL STEPS (FIGURE 23.22)

The classical technique describes multiple paravertebral
injections; however, single injection techniques between L2
and L5 have been advocated (psoas compartment block).

� Position the patient with the side of the block
uppermost or, alternatively, prone with a pillow
under the abdomen.

� Identify spinous process of L3 and mark a point
3 cm lateral.

� At this point, insert a 22-gauge, 8-cm spinal needle,
at right angles to the skin until the tip contacts the
transverse process (usually 5 cm deep).

� Withdraw needle slightly and redirect.

Paravertebral technique

Redirect the needle cephalad and medially so that the tip
just passes above and 2–3 cm deep to the transverse
process. Paresthesiae may occur. Aspirate for blood or
CSF and inject local anesthetic solution: either 5-mL
boluses at multiple levels or a single injection of
15–20mL.

Lumbar plexus (psoas compartment) technique

Redirect needle cephalad only. Advance the needle until
parallel to the midline about 2 cm deep to the transverse
process. Entry into the psoas compartment will be indi-
cated by a loss of resistance, which can be confirmed with
a syringe of saline. Aspirate for blood and inject local
anesthetic solution (15–20mL).

Distal technique (Winnie three-in-one, or inguinal
paravascular block or fascia iliaca block)

� Position patient supine.
� Mark a point just lateral to the femoral artery and

just below the inguinal ligament.
� At this point, insert a 22-gauge, 8-cm needle or a 20-

gauge cannula at an angle of 201 to the skin. Direct
the needle cephalad and parallel to the artery – a
distinct give will be felt as the needle penetrates the
fascia lata and then the fascia iliaca around the
nerve.

� Needle position can be confirmed by a syringe of
saline demonstrating a ‘‘loss of resistance’’ or a nerve
stimulator causing pulse-synchronous movement of
the sartorius muscle.

� Aspirate for blood.
� Inject 20–30mL of local anesthetic solution, which

should block the femoral, obturator, and lateral
cutaneous nerve of the thigh.

This distal approach to the lumbar plexus is not always
reliable. The lateral cutaneous nerve of the thigh is fre-
quently missed. The block may also spill over to involve
the sacral plexus and the sciatic nerve may be blocked.

COMPLICATIONS

� Inadvertent epidural or intrathecal injection
(proximal techniques).

� Inadvertent puncture of major vessels (needle too
deep).

8-cm needle for paravertebral
block
Angle medially and cephalad

8-cm needle for lumbar
plexus block
Angle cephalad only

Spinous process

Transverse process

X

Figure 23.22 Lumbar plexus block. Landmarks and needle

insertion points for the ‘‘paravertebral’’ and ‘‘psoas

compartment’’ techniques. Reproduced with permission from

Pinnock CA, Fischer HBJ, Jones RP. Peripheral nerve blockade.
Edinburgh: Churchill Livingstone, 1996.
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� Nerve trauma.
� Infection.

Continuous lumbar plexus block has been advocated for
prolonged analgesia after hip, knee, and femoral shaft
surgery. It is commonly combined with continuous sciatic
nerve blockade when excessive doses of local anesthetic
must be avoided. A proximal catheter can be inserted
blindly using the psoas compartment technique to place
3–5 cm of catheter after distension of the tissue space with
20–30mL of solution. A real time ultrasound technique
employs the fascia iliaca approach where the catheter pla-
cement needle is advanced into the plane deep to the fascia
iliaca and approximately 1 cm lateral to the femoral nerve.
Correct needle position is confirmed by observing dis-
tribution of solution in the plane of the fascia iliaca towards
the femoral nerve. After distension with 30mL of solution
the catheter is left in place. Catheter dislodgment and
maintenance of sterilty at the groin can be problematic.

Sacral plexus block

This is a paravertebral block which, when combined with
the lumbar plexus block, anesthetizes the lower limb;
S1–3 contribute to the sciatic nerve.

INDICATIONS

� Temporary relief of sciatica.
� Cancer pain in the distribution of sacral nerve roots.
� In combination with lumbar plexus block for surgery

of leg, thigh, or hip.

RELEVANT ANATOMY

� The sacral plexus comprises L4–5 and S1–3 nerves
and part of S4.

� It lies on the anterior surface of the sacrum on top
of the piriformis muscle.

� It is covered by pelvic fascia and anterior to the
plexus and fascia lie the ureter, bowel, and iliac
vessels.

� The plexus divides into two branches.
� The collateral branches supply the pudendal plexus,

the hip joint, and gluteal, adductor, and hamstring
muscles.

� The terminal branches supply the greater and lesser
sciatic nerves.

� The sacrum has two rows of openings on its
posterior surface (posterior sacral foramina).

� These rows of foramina are not parallel to the edges
of the sacrum – they angle less steeply to the midline
as they descend.

� The transacral canal is narrow, being 2.5 cm deep at
S1 and 0.5 cm deep at S4.

LANDMARKS

� Posterior superior iliac spine.
� Sacral cornu.

PRACTICAL STEPS (FIGURE 23.23)

� Position patient prone with a pillow under the pelvis.
� Draw a line from a point 1 cm medial and 1 cm

below the posterior superior iliac spine to a point
1 cm lateral and 1 cm above the sacral cornu. A third
point is marked at the midpoint of this line. This
identifies the foramina of S2–4.

� Soft tissues overlying the foramina are greatest over
the upper foramina, but the S2 foramina is often
easiest to identify.

� A 22-gauge, 8-cm needle is inserted toward the
posterior surface of the sacrum until it contacts
bone.

� The needle is withdrawn slightly and
adjusted medially until it enters the
foramina.

� Advance the needle 2 cm into the upper foramina
and less than 0.5 cm for the lowest foramina.

� A peripheral nerve stimulator can be helpful for
confirming the needle position.

� Aspirate for blood and CSF.
� Inject 5mL of local anesthetic solution.
� Repeat at several foramina if blocking the entire

plexus.

1 cm

S4

S2

Sacral cornu

Posterior
superior
iliac spine

Figure 23.23 Sacral plexus block. Landmarks and needle

insertion points for sacral nerve blocks. Reproduced with

permission from Cousins MJ, Bridenbaugh PO (eds). Neural
blockade in clinical anesthesia and management of pain.
Philadelphia: JB Lippincott, 1988.
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COMPLICATIONS

� Loss of parasympathetic function to bladder and
bowel.

� Inadvertent intrathecal injection.
� Inadvertent vascular injection.
� Inadvertent puncture of bowel.

Peripheral branches of the lumbosacral plexus

The lumbar and sacral plexuses have five peripheral
branches: femoral, obturator, lateral cutaneous, sciatic,
and posterior cutaneous nerves.24

The femoral, obturator, and lateral cutaneous nerves
can be blocked simultaneously by the ‘‘three-in-one
block’’ or ‘‘fascia iliaca block’’ and are described above
under Lumbar plexus block. In this section, blocks of the
individual nerves will be described.

Femoral nerve block

INDICATIONS

� Analgesia after femoral fracture.
� Surgery or postsurgical analgesia of the knee (along

with sciatic, obturator, and lateral cutaneous nerve
block).

RELEVANT ANATOMY

� The femoral nerve is the largest branch of the plexus.
� It enters the leg below the inguinal ligament lateral

to the femoral vessels.
� It is covered in its own fascial sheath (iliopectineal

fascia) and lies deep to the fascia lata.
� It has an anterior and posterior division.

� The anterior division is motor to sartorius and
sensory to the anterior and medial skin of the thigh,
including the knee.

� The posterior division is motor to quadriceps
femoris, sensory to the knee, and ends as the
saphenous nerve.

LANDMARKS

� Inguinal ligament.
� Femoral artery.

PRACTICAL STEPS (FIGURE 23.24)

� Identify and mark a point 1 cm lateral to the femoral
artery 1 cm below the inguinal ligament.

� Insert a 22-gauge, 3.5-cm needle to a depth of 3 cm
(deeper than the artery).

� A peripheral nerve stimulator, showing pulse-
synchronous movement of the sartorius muscle, can
confirm needle placement.

� Aspirate for blood.
� Inject 10mL of local anesthetic solution.
� Withdraw the needle, redirect it 3 cm lateral to the

artery, and inject a further 5mL of solution as often
the nerve has already divided into two.

� If the artery is punctured, pressure should be applied
for at least five minutes to minimize the hematoma.

COMPLICATIONS

� Hematoma.
� Nerve trauma.
� Pain at site of injection.
� Infection.

Femoral artery

Inguinal
ligament

Anterior
superior
iliac spine

Insertion
point

X

Femoral nerve

Femoral vein

Figure 23.24 Femoral nerve block.

Landmarks and needle insertion point for

femoral nerve block. Reproduced with

permission from Pinnock CA, Fischer HBJ,

Jones RP. Peripheral nerve blockade.
Edinburgh: Churchill Livingstone, 1996.
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Obturator nerve block

The obturator nerve can be blocked by either a direct or
an indirect approach (Winnie three-in-one block). The
Winnie three-in-one block may not reliably block the
obturator nerve, and has been described above.

INDICATIONS

� Surgery or postsurgical analgesia of the knee (in
conjunction with sciatic, femoral, and lateral
cutaneous block).

� To abolish stimulation by diathermy during bladder
surgery.

� Diagnosis of obturator nerve entrapment.
� Neurolytic block in adductor muscle spasticity

(phenol or radiofrequency).

RELEVANT ANATOMY

� The obturator nerve enters the leg through the
obturator foramen.

� It divides into two branches, the anterior and
posterior branch, which are separated by the
adductor brevis muscle.

� The anterior branch is sensory to the hip and medial
aspect of the thigh and is motor to the anterior
adductor muscles.

� The posterior branch is sensory to the capsule of the
knee and is motor to the deep adductor muscles.

LANDMARKS

� Pubic tubercle.

PRACTICAL STEPS (FIGURE 23.25)

� The direct approach blocks the nerve as it passes
through the obturator foramen below the superior
ramus of the pubic bone.

� Position the patient supine with the leg to be blocked
abducted.

� Protect the genitalia from cleaning solutions.
� Mark a point 1–2 cm below and 1–2 cm lateral to the

pubic tubercle.
� At this point, insert a 22-gauge, 8-cm needle

vertically downwards onto the pubis bone. Redirect
the needle laterally and superiorly to enter the
obturator foramen below the superior ramus.

� The needle should only be advanced 2–3 cm into the
obturator foramen to avoid bladder damage.

� A peripheral nerve stimulator is helpful and pulse-
synchronous movement of the adductor muscles
confirms needle placement.

� Aspirate for blood.
� Inject 10mL of local anesthetic solution.

COMPLICATIONS

� Hematoma.
� Nerve trauma.

First insertion contacts
lateral pubis

Slightly abducted leg Anterior superior
iliac spine

8-cm needle Pubic tubercleNeedle
insertion
point

1

2

Figure 23.25 Obturator nerve block.

Landmarks and needle insertion point for

obturator nerve block. Reproduced with

permission from Pinnock CA, Fischer HBJ,

Jones RP. Peripheral nerve blockade.
Edinburgh: Churchill Livingstone, 1996.
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� Bladder damage.
� Infection.
� Pain at site of injection.

Lateral cutaneous nerve of the thigh

INDICATIONS

� Diagnosis and treatment of meralgia paresthetica.
� Postsurgical analgesia after hip surgery.
� Anesthesia for skin graft harvesting or muscle biopsy.

RELEVANT ANATOMY

� The nerve emerges at the lateral border of the psoas
muscle below, passing obliquely under the iliac fascia
to enter the thigh either deep to or through the
inguinal ligament 2 cm medial to the anterior
superior iliac spine.

� The course of the nerve varies as it crosses the
inguinal ligament.

� Beyond the inguinal ligament, the nerve divides into
anterior and posterior branches.

� The anterior branch becomes superficial
approximately 10 cm distal to the anterior superior
iliac spine and supplies the anterior and lateral thigh
down to the knee.

� The posterior branch becomes superficial before the
anterior branch and supplies the lateral thigh from
the greater trochanter to mid-thigh.

LANDMARKS

� ASIS.
� Inguinal ligament.

PRACTICAL STEPS (FIGURE 23.26)

� Position patient supine.
� Mark a point 2–3 cm medial and 2–3 cm inferior to

the ASIS.
� At this point, insert a 22-gauge, 3.5-cm needle at

right angles to the skin.
� Direct the needle downwards until it lies deep to the

fascia lata. A ‘‘give’’ should be felt in the needle.
� Fan-wise injection of 10mL of local anesthetic is

deposited above and below the fascia lata by moving
the needle ‘‘in and out.’’

� If this block is supplementing a sciatic and femoral
block, the total dose of local anesthetic must be
controlled.

� A nerve stimulator may be used to confirm
paresthesiae in the skin of the thigh, but patients
with nerve entrapment may not be able to
distinguish this.

COMPLICATIONS

� Nerve trauma.
� Local anesthetic toxicity (see above).
� Inadvertent femoral nerve block (needle too medial

and deep).
� Hematoma.
� Infection.

Sciatic nerve block

As the nerve is deep, a peripheral nerve stimulator makes
success more likely and avoids multiple needle redirec-
tions in a conscious patient. Because the nerve is large,
high concentrations of local anesthetic are used (e.g. 0.75
percent bupivacaine) and the block may take 45–60
minutes to develop completely.

The following approaches have been advocated for this
block:

� The posterior (classical) approach is the most
proximal and is the most likely to produce a
complete block of all the branches of the sciatic
nerve. It is also the best route for a sciatic nerve
catheter.

� The lithotomy approach is the easiest to learn as the
nerve is at its most superficial, and the landmarks are
identifiable in an obese limb. Assistance is needed to
support the leg, and this position may be difficult if
the patient has painful joints.

Lateral cutaneous
nerve of the thigh

Femoral nerve

Femoral artery

Femoral vein

Figure 23.26 Lateral cutaneous nerve of the thigh block.

Landmarks for the lateral cutaneous nerve of thigh and its

relationship to the femoral nerve. Reproduced with permission

from Eriksson E (ed.). Illustrated handbook in local anaesthesia.
Copenhagen: Munksgaard, 1969.
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� The anterior and lateral approaches do not require
the patient to be moved. Some find the lateral
approach difficult to locate the nerve.

INDICATIONS

� Postsurgical analgesia of the knee (in combination
with femoral, obturator, and lateral cutaneous
blocks), ankle, and foot.

� Analgesia for fractures and amputations below the
knee.

� Complex regional pain syndromes of leg.
� Ischemic pain of leg.

RELEVANT ANATOMY

� Sciatic nerve supplied by L4–S3.
� Largest nerve in body (2 cm wide as it exits the

pelvis).
� Divides into peroneal and tibial branches anywhere

from the sciatic foramen to the lower thigh.
� The sciatic nerve supplies the hip joint and

hamstring muscles.
� The tibial nerve supplies the knee and ankle joint, the

muscles of the calf, and plantar muscles of the foot.
Cutaneous innervation is via the sural nerve, which
supplies the posterolateral skin of the lower leg.

� The peroneal nerve supplies the knee and skin of the
proximal and lateral part of the lower leg and the
dorsum of the foot.

Sciatic nerve block: posterior approach

LANDMARKS

� Posterior superior iliac spine (PSIS).
� Sacrococcygeal joint.
� Greater trochanter.

PRACTICAL STEPS (FIGURE 23.27)

� Position the patient in the lateral position, with the
side to be blocked uppermost.

� Flex the top leg to 901 to stabilize the patient
(‘‘recovery position’’).

� Draw a line from the greater trochanter to the PSIS.
� Draw a second line from the greater trochanter to

the sacrococcygeal joint (1–2 cm below the sacral
cornu).

� Draw a third line at 901 from the midpoint of the
first line.

� Where this line bisects the second line represents a
point overlying the sciatic nerve as it leaves the
sciatic foramen.

� At this point, insert a 22-gauge, 8-cm needle
perpendicular to the skin and advance through the
gluteal muscles.

� If bone is contacted (5–6 cm deep), redirect the
needle until it passes through the sciatic foramen.

� At this stage, connect the peripheral nerve stimulator
and advance the needle until pulse-synchronous
dorsiflexion and eversion of foot are produced
(usually at a depth of 6–8 cm).

� In obese patients, a 10-cm needle may be necessary.
� Aspirate for blood and inject 10–15mL of local

anesthetic solution.

Sciatic nerve block: lithotomy approach

LANDMARKS

� Greater trochanter.
� Ischial tuberosity.

PRACTICAL STEPS (FIGURE 23.28)

� Position the patient supine with the leg to be blocked
in the lithotomy position (knee and hip at 901).

Posterior superior
iliac spine

Perpendicular
bisector

Greater trochanter 6- to 8-cm needle
insertion depth

Sacrococcygeal joint
or sacral hiatus

Figure 23.27 Sciatic nerve block: posterior

approach. Landmarks and needle insertion

point for a posterior approach to the sciatic

nerve block. Reproduced with permission from

Pinnock CA, Fischer HBJ, Jones RP. Peripheral
nerve blockade. Edinburgh: Churchill
Livingstone, 1996.
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� Draw a line between the greater trochanter and the
ischial tuberosity.

� Mark a point 1 cm above the midpoint of this line.
� At this point, insert a 22-gauge, 8-cm needle

perpendicular to the skin.
� Advance the needle through the intermuscular

septum between biceps femoris and semitendinosus
muscles.

� The nerve lies 5–7 cm deep to the skin.
� If bony contact is made, redirect the needle medially

to miss the greater trochanter.
� A nerve stimulator will produce pulse-synchronous

muscle movement of either the tibial (plantar flexion
and inversion of foot) or peroneal (dorsiflexion and
eversion of foot) nerve.

� Painful stiff joints may prevent this approach.

Sciatic nerve block: anterior approach

LANDMARKS

� Greater trochanter.
� Inguinal ligament.

PRACTICAL STEPS (FIGURE 23.29)

� Position the patient supine (leg slightly abducted).
� Draw a line the length of the inguinal ligament and

divide it into three equal parts.
� Mark the junction between the middle and medial

third.
� Draw a second line, parallel to the inguinal ligament

from the greater trochanter across the anterior thigh.

� Draw a third line perpendicular to both lines.
Starting from the junction, mark on the first line to
a point where it bisects the second parallel line.

� At this point, insert a 22-gauge, 10-cm needle
vertically downwards through the skin to pass medial
to the femur.

� Bony contact is frequently made (femur) – correct by
redirecting the needle more medial.

� The nerve lies just deep to the lesser trochanter
behind the adductor magnus.

� A ‘‘give’’ may be felt as the needle enters this space
(usually 8–10 cm deep).

� A nerve stimulator may confirm the needle position
by demonstrating pulse-synchronous muscle
movement (see above).

� Aspirate for blood.
� Inject 10–15mL of local anesthetic solution.

Sciatic nerve block: lateral approach

LANDMARKS

� Lateral prominence of the greater trochanter.
� Inferior border of femur.

PRACTICAL STEPS (FIGURE 23.30)

� Position the patient supine.
� Mark a point on the inferior border of the femur

3 cm from the lateral tuberosity of the greater
trochanter.

� Insert a 22-gauge, 15-cm needle perpendicular to the
skin until it contacts the femoral shaft.

Ischial tuberosity
Groove between
biceps femoris and
semitendinosus
muscles

Greater trochanter

Needle insertion
1 cm above line

Figure 23.28 Sciatic nerve block: lithotomy

approach. Landmarks and needle insertion point for a

lithotomy approach to the sciatic nerve block.

Reproduced with permission from Pinnock CA, Fischer

HBJ, Jones RP. Peripheral nerve blockade. Edinburgh:
Churchill Livingstone, 1996.
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� Withdraw the needle and redirect to pass beneath the
femur.

� Connect the needle to a peripheral nerve stimulator
and advance to a depth of 8–12 cm, when pulse-
synchronous muscle movements should occur (see
above).

� Aspirate for blood and inject 15mL of local
anesthetic solution.

COMPLICATIONS OF SCIATIC NERVE BLOCK

� Procedure may be painful in the conscious patient.
� Nerve trauma.
� Vasoconstriction in contralateral leg.
� Hematoma.
� Infection.

Posterior cutaneous nerve of the thigh

� The posterior cutaneous nerve (S1–3) innervates the
posterior aspect of the thigh and upper part of calf.

� The nerve exits the greater sciatic foramen alongside
the sciatic nerve and is inevitably blocked with the
sciatic nerve.

� Continuous sciatic nerve block can be performed
proximally or distally (see below under Nerve blocks
around the knee: popliteal fossa block (distal sciatic
nerve block). Prolonged analgesia can be provided
after lower limb surgery. Commonly, the posterior
approach is used employing a stimulating catheter,
real time ultrasound or both. Ultrasound
visualization in some adults may be difficult due to
depth of the sciatic nerve, making the distal popliteal
approach more popular in adults.

Nerve blocks around the knee

Four nerve blocks are commonly performed at the knee:
saphenous nerve block, tibial and peroneal nerve blocks
(popliteal fossa block), and intra-articular block within
the knee itself.

INDICATIONS

� Postsurgical analgesia for knee surgery (intra-
articular block) or surgery on the foot (saphenous,
tibial, and peroneal block).

� Chronic pain syndromes of the knee (intra-articular
block).

Pubic tubercle Plane of cross-section

Line of inguinal
ligament

Insertion point FemurGreater
trochanter

Anterior superior
iliac spine

A

A

Figure 23.29 Sciatic nerve block: anterior

approach. Landmarks and needle insertion

point for an anterior approach to the sciatic

nerve block. Reproduced with permission from

Pinnock CA, Fischer HBJ, Jones RP. Peripheral
nerve blockade. Edinburgh: Churchill
Livingstone, 1996.

3 cm

Figure 23.30 Sciatic nerve block: lateral approach. Landmarks

and needle insertion point for a lateral approach to the sciatic

nerve block. Reproduced with permission from Cousins MJ,

Bridenbaugh PO (eds). Neural blockade in clinical anesthesia
and management of pain. Philadelphia: JB Lippincott, 1988.
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RELEVANT ANATOMY

� The saphenous nerve is the continuation of the
femoral nerve and supplies the medial half of the lower
leg from above the knee to the ball of the great toe.
The nerve becomes subcutaneous at the medial side of
the knee, immediately below the sartorius muscle.

� The peroneal and tibial nerves are the continuation
of the sciatic nerve.

� The tibial nerve arises at the upper border of the
popliteal fossa and is the larger branch.

� The peroneal nerve enters the popliteal fossa at its
upper border and exits by winding round the head
of the fibula (prone to damage).

Nerve blocks around the knee: saphenous nerve
block

LANDMARKS

� Medial tibial condyle.
� Tibial tuberosity.

PRACTICAL STEPS (FIGURE 23.31)

� Position the patient supine.
� Identify the medial border of the medial tibial

condyle where the nerve lies subcutaneously.
� At a point 2 cm posteromedial to the medial condyle,

insert a 22-gauge, 3.5-cm needle and, keeping the
needle subcutaneous, inject a ring of local anesthetic
solution (10mL) inferiorly toward the posterior
border of the condyle.

COMPLICATIONS

� Nerve trauma.
� Intravenous injection (beware varicose veins).
� Hematoma.
� Infection.

Nerve blocks around the knee: popliteal fossa
block (distal sciatic nerve block)

Both the tibial and peroneal nerves can be blocked by a
single injection in the upper triangle within the ‘‘dia-
mond-shaped’’ popliteal fossa.

LANDMARKS

� Diamond-shaped popliteal fossa.
� Femoral condyles.
� Popliteal artery pulse.

PRACTICAL STEPS (FIGURE 23.32)

� Position the patient prone.
� Draw a line between the femoral condyles (posterior

skin crease).
� Identify the popliteal artery pulse along this line.
� Mark a point just lateral to the pulse and 6–8 cm

above the intercondyle line.
� At this point, insert a 22-gauge, 3.5-cm needle.
� Advance the needle 2–3 cm deep to locate the nerve

by paresthesiae in the foot or pulse-synchronous
movement of the foot (peripheral nerve stimulator).

� Aspirate for blood.
� Inject 10–15mL of local anesthetic solution which

should flow easily.

COMPLICATIONS

� Nerve trauma.
� Painful procedure.
� Intravenous injection.
� Hematoma.
� Infection.

Continuous popliteal nerve block is used for prolonged
analgesia after ankle and foot surgery. A catheter can be
placed using stimulation or real time ultrasound. With
ultrasound the catheter placement needle is directed
between the biceps femoris and semimembranosus/ten-
dinosus muscles approximately 1 cm medial to the sciatic
nerve. Following distension with local anesthetic solution
the catheter is left in place. In the majority of persons the
sciatic nerve divides within 10 cm of the popliteal crease,
this can be visualized with ultrasound.

Nerve blocks around the knee: intra-articular
block

This block has become popular for providing postsurgical
analgesia following arthroscopy and depends on periph-
eral opioid receptors within the knee joint.

Needle insertion
point

Tibial condyle

Figure 23.31 Saphenous nerve block.

Landmarks and needle insertion point for

a saphenous nerve block. Reproduced with

permission from Pinnock CA, Fischer HBJ,

Jones RP. Peripheral nerve blockade.
Edinburgh: Churchill Livingstone, 1996.
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INDICATIONS

� Postsurgical analgesia.
� Chronic pain syndromes of the knee (local anesthetic

and steroid).

LANDMARKS

� Medial border of the patella.
� Groove between the patella and femur.

PRACTICAL STEPS (FIGURE 23.33)

� With the patient’s leg extended, identify the groove
between the medial border of the patella and the
femur.

� Insert a 25-gauge, 3.5-cm needle into the knee joint
along this groove.

� Avoid impaling the needle tip into the articular
cartilage.

� Inject local anesthetic solution into the knee, up to
30mL (with epinephrine (adrenaline)) may be
injected.

� The injection should meet little resistance.
� Methylprednisolone may be injected for chronic pain

syndromes or morphine 1–2mg for postsurgical
analgesia.

� This block does not cause any sensory or motor
effects that would prevent ambulation.

� Careful asepsis must be followed to avoid an infected
joint.

COMPLICATIONS

� Painful procedure.
� Damage to articular cartilage.
� Infection.
� Local anesthetic toxicity.

Nerve blocks at the ankle

The nerve supply to the foot is provided by five terminal
nerves: superficial and deep peroneal, saphenous, sural,
and tibial (Figure 23.34).

INDICATIONS

� Anesthesia for surgery of the foot.

RELEVANT ANATOMY

� The skin of the dorsum of the foot is supplied by the
superficial and deep peroneal nerves.

Markings on back of knee

Skin Peroneal nerve

Fascia

Tibial nerve

Popliteal artery

Popliteal vein

Small saphenous vein

Figure 23.32 Tibial and peroneal nerve

blocks. Landmarks and needle insertion points

for the tibial and peroneal nerve blocks.

Reproduced with permission from Cousins MJ,

Bridenbaugh PO (eds). Neural blockade in
clinical anesthesia and management of pain.
Philadelphia: JB Lippincott, 1988.

Chapter 23 Peripheral nerve blocks: practical aspects ] 289



� The lateral border of the fifth toe is supplied by the
sural nerve.

� The superficial and deep nerves are blocked in
combination because of their overlapping skin
innervation.

� The saphenous nerve supplies the medial surface of
the foot. It divides into two branches at the medial
malleolus.

� The sole of the foot is supplied by four branches of
the tibial nerve: medial calcaneal, medial plantar,
lateral plantar, and sural nerves.

� The sural nerve branches off the tibial nerve in the
popliteal fossa and passes between the lateral
malleolus and calcaneum to supply the lateral border
of the foot.

Sural nerve block (Figure 23.34)

LANDMARKS

� Achilles tendon.
� Lateral malleolus.

PRACTICAL STEPS

� Traditionally, the patient is positioned prone,
alternatively the patient can lie supine with the foot
inverted.

� Insert a 25-gauge, 3.5-cm needle immediately
posterior to the lateral malleolus, and direct the
needle tip toward the lateral border of the Achilles
tendon.

� Inject a subcutaneous sausage of local anesthetic
solution (5–7mL) between the lateral malleolus and
the Achilles tendon.

Saphenous nerve block (Figure 23.34)

LANDMARKS

� Medial malleolus.
� Long saphenous vein.

PRACTICAL STEPS

� Position the patient supine and externally rotate the
foot.

� Identify a point 1 cm proximal and 1 cm anterior to
the medial malleolus.

� Identify the long saphenous vein, which lies in close
proximity to the nerve.

� At this point, insert a 25-gauge, 3.5-cm needle and
inject 5mL of local anesthetic solution around the
long saphenous vein.

� Avoid intravenous injection.

Needle
insertion

point
Tibia Patella Femur

Figure 23.33 Intra-articular block of the

knee. Landmarks and needle insertion point

for an intra-articular block of the knee.

Reproduced with permission from Pinnock CA,

Fischer HBJ, Jones RP. Peripheral nerve
blockade. Edinburgh: Churchill Livingstone,
1996.

Achilles tendon

Posterior tibial artery

Tibial nerve

Tendon of anterior
tibial muscle

Infiltration of
saphenous nerve

Deep peroneal nerve

Tendon of extensor
hallucis longus muscle

Infiltration of
sural nerve

Infiltration of
superficial
peroneal nerve

Figure 23.34 Nerve blocks at the ankle. Landmarks and needle

insertion points for nerve blocks at the ankle. Reproduced with

permission from Cousins MJ, Bridenbaugh PO (eds). Neural
blockade in clinical anesthesia and management of pain.
Philadelphia: JB Lippincott, 1988.
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Tibial nerve block (Figure 23.34)

LANDMARKS

� Posterior tibial artery.
� Medial malleolus.

PRACTICAL STEPS

� Traditionally, the patient is positioned prone,
alternatively the patient can remain supine.

� Identify the posterior tibial artery.
� Insert a 25-gauge, 3.5-cm needle immediately inferior

to this point at 451 to the skin parallel to the long
axis of the tibia and advance toward the bone.

� Paresthesiae may be elicited before contacting bone.
� Inject 5mL of local anesthetic solution.

Superficial and deep peroneal nerve block
(Figure 23.34)

LANDMARKS

� Dorsalis pedis artery.

PRACTICAL STEPS

� Position patient supine, with the foot supported in
extension.

� Palpate the dorsalis pedis pulse.
� Insert a 25-gauge, 3.5-cm needle immediately medial

to the artery.
� Advance the needle 1 cm cephalad and deep.
� If the needle contacts bone or tendon, withdraw tip

slightly.
� Aspirate for blood.
� Inject 5mL of local anesthetic solution.
� Withdraw the needle to the subcutaneous plane and

deposit a sausage of local anesthetic solution laterally
toward the lateral malleolus (blocks superficial branch).

COMPLICATIONS OF ANKLE BLOCKS

� Nerve trauma.
� Hematoma.
� Vascular occlusion if local anesthetic volume too great.
� Infection.

NERVE BLOCKS OF THE PELVIS

Pudendal nerve block

This block provides analgesia of the lower vagina and
perineum, and can be carried out via a transvaginal or a
transperineal approach.25, 26 The transvaginal approach is
preferred as it is more reliable. Many would consider a
caudal block more straightforward, with better effect.

INDICATIONS

� Analgesia for childbirth (second stage).
� Analgesia for episiotomy.
� Analgesia for suturing perineum.

RELEVANT ANATOMY

� The pudendal nerve is a branch of the sacral plexus.
� It runs lateral and posterior to the ischial spin and

sacrospinous ligament.
� It has two branches: the dorsal nerve and the

perineal nerve.
� The dorsal branch passes under the symphysis pubis

to supply the clitoris/penis.
� The perineal branch supplies the inferoposterior

aspect of the scrotum or the labia majora.
� The pudendal nerve is blocked as it passes the ischial

spine.

LANDMARKS

� Ischial spine.
� Sacrospinous ligament.

PRACTICAL STEPS (TRANSVAGINAL APPROACH) (FIGURE
23.35)

� Position patient supine in the lithotomy position.
� Palpate the ischial spine and sacrospinous ligament

transvaginally with the index and middle finger of
one hand.

Pudendal
nerve

Sacrospinous
ligament

Figure 23.35 Pudendal nerve block. Landmarks and needle

insertion point for a pudendal nerve block. Reproduced with

permission from Cousins MJ, Bridenbaugh PO (eds). Neural
blockade in clinical anesthesia and management of pain.
Philadelphia: JB Lippincott, 1988.
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� Guide a 20-gauge, 14-cm needle attached to a 10-mL
syringe to the ligament just below the ischial spine.

� Advance the needle tip just through the ligament.
� Aspirate for blood (pudendal vessels run near the

nerve).
� Inject 10mL of local anesthetic solution.
� The procedure is repeated for the opposite nerve.
� Special needle guides (Kobak needle) have been

advocated to limit the penetration of the needle.

COMPLICATIONS

� Inadvertent intravenous injection of local anesthetic.
� Hematoma.
� Nerve trauma.
� Infection.

CONCLUSIONS

Successful neural blockade is one of the most satisfying
skills in the practice of pain medicine and anesthesia. A
working knowledge of anatomy combined with training
in the ultrasound location of nerves is the key to this goal.
Once this skill has been acquired it is relatively easy to
apply it to the practice of most neural blocks, allowing
reduced doses of local anesthetic and minimizing the
damage to nontarget tissue. Imaging is the norm in many
areas of pain medicine and is now an exciting technique
in the future of peripheral neural blockade.
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KEY LEARNING POINTS

� Technological advances have improved the safety of

patient-controlled analgesia (PCA).
� Coherent prescriptions and monitoring of the use of

PCA are essential and should be supervised by a

specialized acute pain service.
� No one opioid is superior to another.

� The routine use of adjuvants is supported by only little

evidence.
� PCA can be used in a variety of conditions, including

patients with concurrent diseases, children, and elderly

patients.

INTRODUCTION

Patient-controlled analgesia (PCA) implements the ‘‘what
you need is what you get’’ concept in pain management.1

This concept takes into account patients’ individual
variability in pain sensitivity and inter-individual phar-
macological variability.2 This individualizing of pain
treatment highlights the role of psychological factors in
the efficacy of PCA. The use of a PCA is intended to
provide the patient with a direct sense of control over his
or her pain, rather than being reliant upon another agent,
such as a nurse or doctor to provide pain relief, and locus
of control (LOC) is an important concept in health care.3,
4 The influence of LOC on pain levels is controversial.3

Nevertheless, PCA has been shown to provide better pain
control and greater patient satisfaction than conventional

parenteral as-needed analgesia,4 suggesting that LOC may
be the important factor in conferring the advantage to
PCA drug delivery.

The goal of this chapter is to demonstrate the safe and
efficient use of intravenous and subcutaneous patient-
controlled analgesia in daily practice.

TECHNIQUES

Routes of delivery

The most common route of delivery is the intravenous
route. Additional options are the transdermal, intranasal,
peroral, epidural, and intrathecal route. Inserting a fine



23-gauge indwelling cannula in the subcutaneous tissue,
e.g. in the forearm or in the deltoid region, is quick,
atraumatic, and easy to perform – especially in children –
with neither interference with daily activity nor adverse
local reactions. A bolus volume of 1mL is used.5

Delivery systems

INFUSION SYSTEMS AND VALVES

A low-volume ‘‘Y’’-connector is attached to the cannula.
The branch to the infusion is secured with an antireflux
valve to avoid drug accumulation in the infusion set and
bag during an intravenous obstruction.

The branch to the pump device should contain an
antisiphon valve. This prevents leaks in the drug cartridge,
with entrainment of air, which may lead to a free flow of
drug into the patient when the pump is above the
patient’s heart.6

INFUSION DEVICES

Disposable devices for PCA consist of two components: a
balloon-reservoir constant infusion device and a patient-
control module. The patient-control module contains a
small bladder with a capacity of 0.5mL. A button must be
pressed that releases a clamp, thus emptying the bladder.
Refilling of the bladder takes six minutes as the infusion
device delivers 5mL per hour. This system is simple and
thus less prone to user error. However, lack of flexibility
can be a disadvantage. If a larger bolus is required, a new
infusion device with a higher concentration of the deliv-
ered drug must be prepared. Furthermore, neither the
amount of bolus demanded nor the total dose delivered
can be recorded precisely. Patients’ acceptance of dis-
posable devices was similar to that of the electronic
device.7

The latest generation of electronic devices is based on
sophisticated technology. Cleverly designed interfaces
between user and machine allow easy handling with little
training. The pump mechanism is highly precise with
only little deviation from presser values. Tamper protec-
tion includes different lock levels, each accessible by dif-
ferent codes. Fail-safe mechanisms prevent free flow with
alarms and include sensors for upstream and downstream
occlusions.

Syringe drivers are usually larger pole-mounted sys-
tems that offer more sophisticated guidance and are often
multifunctional. Ambulatory-style pumps are usually
smaller peristaltic pumps that deliver fluid from a wide
range of fluid containers (vials, syringes) in small bags or
cassettes with emphasis on portability and simplicity of
programming. The pumps are protected with different
lock levels and codes to prevent unauthorized tampering.8

Advanced error-reduction features are available for
PCA pumps to avoid incorrect programming and

overmedication. Today, there are three types of advanced
error-reduction features in use:

� bar coding;
� dose error reduction systems;
� computer-based pump-programming software.

Bar coding allows the clinician to scan a drug vial bar
without manually entering the information in the pump.
Furthermore, this information will be automatically com-
pared to populated dosing protocols and dosing limits.
Dose error reduction systems check manually input pro-
gramming against preset drug and application limits stored
in the pump. Using computer-based pump-programming
software, the clinician sends a protocol via a wired con-
nection from a computer to the pump. Complex safety
software is housed and updated in the computer that
populates the PCA pump. Ideally, all PCA pumps would
provide an onboard bar-code reader that works in
conjunction with a good dose error reduction system.6

MANAGEMENT OF PCA

PCA modes and parameters

PCA can be administered in different modes:

� on-demand fixed-size bolus dose;
� on-demand fixed-size bolus dose, plus background

infusion or fixed-rate infusion.

Other programmable parameters include:

� bolus dose, ideally providing good pain relief with
minimal or no side effects;

� lockout time, which uses a minimum time unit
between two consecutive boluses delivered, even if
the patient should press the button;

� dose maximums over a certain time period, usually
one or four hours.

Basically, the PCA therapy is a maintenance therapy. The
initial loading dose can be used to titrate towards an
effective analgesic concentration. This dose should be
delivered either preoperatively by the anesthesiologist or
in the post-anesthesia care unit by the nurse. The patient
can administer the on-demand dose or bolus dose via a
button linked to the pump device.

Prescriptions and monitoring

Prescriptions, as simple standard orders for postoperative
analgesia, should be available on the ward. Clarity,
relevance to best practice and ease of use through com-
prehensive and stepwise approach are important features
of these orders.
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Each standard order should include:

� medication with detailed programmed parameters;
� monitoring needed;
� description of side effects and their treatment

options;
� short guidelines for serious side effects, their acute

treatment, and an emergency phone number.

Monitoring and documentation of the patient in fixed
periods of time (for example, every two hours until six
hours after surgery, then every four hours) includes:

� medication dose delivered;
� pain intensity at rest and during deep breathing and

coughing using validated scales (e.g. visual analog
scale (VAS), numeric rating scale (NRS));

� respiratory rate, sedation score;
� side effects (nausea, vomiting, pruritus, urinary

retention, constipation, confusion);
� blood pressure, heart rate, oxygenation.

Acute pain services

PCA management run by an acute pain service (APS),
rather than surgeons, provide more opioids with fewer
side effects, patients are more likely to receive a loading
dose, and PCA settings are adjusted more frequently.9

APS members are familiar with the equipment and its
daily use. Therefore, workshops to educate nurses on the
ward is an important part of their continuing education.

Additional tips

If the number of trials is far beyond the number of
boluses received, pain relief is often inadequate. If so,
examine the doses delivered and adjust the bolus dose; a
bedside bolus dose titration may be necessary. Lockout
time and number of boluses per hour are seldom altered.
An interdisciplinary approach in complex cases should be
kept in mind.

DRUGS

Opioids

Morphine is widely used as standard medication. There
seems to be no evidence in favor of one opioid over any
other in terms of effects and side effects.10 Following the
concept of an individual minimum effective concentration
(MEC),11 Table 24.1 presents a summary of common doses.

Since life-threatening complications occur more often
with background infusion when using PCA, this techni-
que should not be part of normal practice.26

Adjuvants

NALOXONE, PHYSOSTIGMINE, CLONIDINE, MAGNESIUM

These substances can be used in the PCA mixture or as
separate infusions. Current data on PCA concerning the
reduction of opioid requirements or the incidence of
opioid side effects is limited or conflicting. Thus, no
conclusion for practical use can be drawn.

KETAMINE

A qualitative and quantitative systematic review about
perioperative ketamine for acute postoperative pain27

concluded that ketamine in subanesthetic doses is effec-
tive in reducing morphine requirements and reduction of
postoperative nausea and vomiting. The studies used
for this meta-analysis were heterogeneous using small
numbers of patients. In a study with 1026 patients, the
combination of ketamine with morphine was demon-
strated to be safe.28 The same group did not demonstrate
any benefit for the combination of morphine-ketamine
compared to morphine alone in 352 orthopedic
patients.29 Additional evidence is required before this
combination can be recommended.

PARACETAMOL

In two meta-analyses,30, 31 there was no evidence that
after major surgery the incidence of the opioid-related

Table 24.1 A summary of common opioid doses.

Opioid Bolus dose Lockout time (minutes) No. of boluses per hour

Morphine11, 12, 13, 14 0.75–2mg 8 4–6

Fentanyl15, 16 15–50 mg 8 4–6

Remifentanil16, 17, 18 15–40 mg (0.25–1.0 mg/kg) 2–10 6–30

Tramadol14, 19 20–30mg 10 3–6

Oxycodone20, 21 0.03mg/kg 10 3

Piritramide22, 23 0.75–1.5mg 5 4–6

Hydromorphone24, 25 0.3–0.6mg 2a 4

Pethidine12, 13, 18 9–18mg 2–10 6–10

aWith background infusion.
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side effects are decreased due to the opioid-sparing effect
of the combination with paracetamol. Currently, the
routine use of paracetamol with an opioid PCA is not
supported by evidence.

NONSTEROIDAL ANTI-INFLAMMATORY DRUGS

Nonsteroidal anti-inflammatory drugs (NSAIDs) given
continuously and in multidose regimen reduces pain
intensity significantly.30 These drugs can reduce the risk of
nausea and vomiting with a morphine PCA, the number
needed to treat (NNT) was 15 patients. To decrease
sedation with a morphine PCA, the NNT was 37. Slightly
different numbers were calculated in an earlier meta-
analysis: the NNT to prevent an episode of postoperative
nausea and vomiting (PONV) was 12, the NNT to pre-
vent sedation in one patient was 27.32 Concerning the side
effects of a renal failure, the number needed to harm was
73 and for a surgical bleeding the number was 65.30 The
clinical relevance of the side effects does not justify
standard use, together with a morphine PCA.

METAMIZOLE SODIUM

This medication is not available in many countries, due to
the risk of the side effect of agranulocytosis, although this
seems to be rare.33 Data on metamizole as an adjuvant is
unclear in terms of efficacy for the reduction of pain and
opioid consumption.24, 34, 35

The above-mentioned adjuvants can be used as base
medication when PCA is stopped, which is normally the
case at postoperative day 2 to 3. If the requirement during
the previous 24 hours is less than the equivalent of 30mg
morphine, the PCA can be stopped as sufficient analgesia
can be delivered with a maximal daily dose of adjuvants
(paracetamol 4 g per day, metamizole 4 g per day, or
NSAIDs). As a rescue medication, oral opioids permit
mobilization of a patient without an intravenous line.

PATIENTS AND PROCEDURES

Patient selection

The ideal PCA patient:

� is informed orally and in writing;
� undergoes major surgery;
� is not younger than five years;
� is not confused due to medication, dementia, or

psychiatric disorders.

Preoperative information

Psychological measures are important predictors of pain
and PCA use. Higher anxiety levels and less social support

correlates with higher postoperative pain and PCA
requests. However, those with high anxiety levels experi-
enced the greatest reduction in pain with PCA.36

Although older patients preferred less information about
and involvement in health care than young patients, the
groups did not differ in concerns about pain relief and
adverse drug effects, including opioid addiction
and equipment use or malfunction.37 Providing patients
with adapted written information in advance is
recommended.38

Management of side effects

After major surgery, the tolerability of the analgesic
technique has direct implications for patient satisfaction.
PCA is associated with the highest incidence of nausea (25
percent), while emesis was 20 percent for all examined
analgesic techniques (intramuscular, PCA, and epidural
analgesia). There were no differences between these
techniques concerning mild (23.9 percent) or excessive
sedation (2.6 percent), pruritus (14.7 percent), and
urinary retention requiring catheterization (23 percent).
The APS should aim to reduce these incidences with
targeted measures.39 In cases of nausea and vomiting
associated with PCA, a reduction of the bolus dose may
be helpful. If analgesia is insufficient, a combination with
a non-opioid medication (NSAID, metamizole) is an
alternative. If the problem of nausea and vomiting
remains, a change to a different opioid can be considered.

To discriminate between PONV and adverse effects
related to PCA remains a clinical challenge. The treatment
of PONV following the guidelines published by an expert
group includes the use of small doses of 5-HT3-receptor
antagonists in combination with drugs from different
classes like droperidol, dexamethasone, or promethazine
(Table 24.2).40

Another method is to add antiemetics to the PCA
solution. High-dose ondansetron was compared to dro-
peridol and showed no clinical advantage, but was more
expensive.41 While additional droperidol was significantly
more effective than placebo with a NNT of 2.7,42 its
optimal antiemetic dose is unclear. Due to the side effect
of sedation of droperidol, its dose recommendations vary
between 10 and 50 mg/mg morphine.43 No extrapyramidal
symptoms or cardiac adverse events were noted in this
work; in a case report of two adolescents, an extra-
pyramidal hypertonic syndrome happened with a PCA
using a concentration of droperidol of 80 mg/kg.44

Special applications

CHILDREN

There are significant differences in pharmacokinetic,
pharmacodynamic, and monitoring parameters in this
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group, given by the great variety in age. Anxiety and
coping styles are different compared to adults. A strategy
to help children and adolescents to cope effectively
with acute postoperative pain may be through targeted
preoperative information. Although postoperative
pain did not differ between the group with a standard
educational program and the group with routine
education, the children and parents reported the stan-
dard educational program to provide invaluable infor-
mation about the use of PCA, the drugs, and their side
effects.45

Children as young as five years are reported to have the
cognitive ability to understand a patient-controlled
pump.46

Generally, children of eight or more years can use
VASs. For three- to eight-year-olds, self-reported mea-
sures such as face scales or color analog scales can be used.
Behavioral observations including facial expression,
limb and trunk motor response, verbal response, and
physiological indexes are primary methods in neonates,
children until four years, or children with developmental
disabilities.47

A concurrent opioid infusion with PCA did not pro-
vide any clinically significant advantages over intermittent
bolus doses in different types of surgery (scoliosis surgery,
appendectomy).48, 49

Additional drugs for PCA-associated side effects are
discussed in the current literature, but no conclusion
can be drawn for the effect of the following drugs
added to the morphine solution in the PCA: a small
dose naloxon infusion of 0.25mg/kg per hour,50 the
prophylactic intraoperative administration of tropisetron
0.1mg/kg to a maximum of 5mg,51 ondansetron 0.1mg/
kg, or droperidol 0.01mg/kg.52 Although low-dose
ketorolac in conjunction with morphine PCA improved
the quality of analgesia and reduced morphine require-
ments compared to placebo in posterior spinal
fusion surgery,53 evidence-based analyses for children are
lacking.30

OPIOID-TOLERANT PATIENTS

The anesthesiologist will come across two groups of
opioid-tolerant patients. One group consists of chronic
pain patients, as the percentage of patients to whom
opioid analgesics are prescribed has substantially
increased.54 A second group of patients are opioid
abusers, some of whom receive methadone in drug
maintenance programs.

In either group, apprehensions about inadequate
postoperative pain control or relapse of previous opioid
dependency should be discussed in advance. This includes
developing a realistic protocol to alleviate and not abolish
postoperative pain. Co-dependency with other drugs
(benzodiazepines) and alcohol is often linked to emo-
tional psychological behaviors that demand an inter-
disciplinary management.

In addition to neuraxial blocks and nonopioid
analgesic as adjuvants, the PCA is an option. Our dis-
cussion is limited to this feature, although in these
patients there is no single solution to solve the problem.

While in standard PCA prescription, background
infusion is better avoided in the opioid-tolerant patient,
this can be used to deliver the equivalent of the patient’s
basal opioid dose.55 Basal infusion may not be necessary
in patients receiving the opioid via a transdermal system.
Peroral drugs, as sustained-release formulations, can be
taken preoperatively, if swallowing is allowed, and possi-
bly 12 hours after surgery. PCA can be used successfully in
matched bolus doses (Table 24.3).

Theoretically56 and from experimental data,57 a cross-
tolerance to the antinociceptive effects of morphine in
methadone-maintenance patients is possible. While
higher morphine doses may achieve some pain relief, this
may be at the cost of unacceptable respiratory depres-
sion.58 Switching to another opioid to activate different
subtypes of m-receptors to which tolerance has not
developed is an alternative.59 As methadone is described
as having N-methyl-D-aspartate (NMDA) receptor

Table 24.2 Guidelines for the treatment of postoperative nausea and vomiting.

Drugs Dose Time of administration

5-HT3-receptor antagonist
Ondansetron 4–8mg End of surgery

Dolasetron 12.5mg

Granisetron 0.35–1mg

Tropisetron 5mg

Droperidol 0.625–1.25mg End of surgery

10–50 mg/mg morphine In the PCA solution

Dexamethasone 5–10mg Before induction of anesthesia

Promethazine 12.5–25mg End of surgery

Cyclizine 50mg End of surgery

Reprinted from Anesthesia and Analgesia, 97, 2003, 62, Consensus guidelines for managing postoperative nausea and
vomiting, with permission from Lippincott, Williams & Wilkins.
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antagonistic and a-adrenergic agonistic properties in
mice, this drug is the opioid of choice in case of inef-
fective opioid therapy.60 These findings are confirmed in
the clinical use of methadone, even when administered by
PCA,61 though the main clinical application was in cancer
patients (Table 24.4).62

Nonopioid analgesics should be considered as an
alternative. NSAIDs play a relevant role in opioid spar-
ing.32 Ketamine in subanesthetic doses yielded promising
results in animal experiments. Earlier case reports with
low dose (0.5mg/kg) ketamine as a co-analgesic were
promising.63 Although co-analgesic ketamine is safe and
useful, its clinical role remains unclear.64 Clonidine can be
used to reduce withdrawal symptoms,65 although its
clinical efficacy as peri- and postoperative co-analgesic is
not yet determined.

PATIENTS WITH RENAL DISORDER

Caution is required among patients with renal disorders.
Multiple morphine doses bear the risk of intoxication in
patients with preexisting renal insufficiency or post-
operative acute renal failure. Case reports describe a
range of symptoms from profound unconsciousness to
respiratory depression ending in ventilatory arrest.66, 67

Accumulation can be avoided by using an opioid with
pharmacokinetics independent of renal elimination and

therefore no active metabolites. Drugs such as fentanyl,
sufentanil, or buprenorphine meet this standard.
Although buprenorphine (bolus doses 40–80 mg)68, 69 and
sufentanil (bolus dose 6mg)70 are suitable, they are rarely
used in patient-controlled analgesia. Therefore, a fenta-
nyl-PCA is recommended in patients with renal disorders.

MORBIDLY OBESE PATIENTS AND PATIENTS WITH
OBSTRUCTIVE SLEEP APNEA

PCA is a valuable tool in morbidly obese patients when
used with caution: no continuous infusion, limitation of
the dose to one or four hours, monitoring of the patients
closely in the first 24 hours.71 Compared to epidural
analgesia, PCA was found to be an acceptable strategy for
pain management.72 As 25 percent of these patients were
affected by severe obstructive sleep apnea,73 PCA can be
used in this group as well, if the same restrictions are
followed (Table 24.5).74

ELDERLY PATIENTS

In the elderly patient, postoperative pain management
can be complicated by concomitant disease states and
physiological changes that influence pharmacodynamic
and pharmacokinetic properties. Pain assessment in
elderly patients is sometimes difficult as they are reluctant

Table 24.3 Matched bolus doses.

Opioid Loading dose Bolus dose Lockout interval (minutes)

Morphine 5–20mg 3–5mg 6–10

Fentanyl 100–250 mg 50–100mg 6–10

Hydromorphone 2–5mg 0.5–1mg 6–10

Sufentanil 25–75 mg 10–20mg 6–10

Reprinted from Anesthesiology, 101, 2005, 212, Perioperative management of acute pain in the opioid-dependent patient, with
permission from Lippincott, Williams & Wilkins.

Table 24.4 Methadone.

Opioid-dependent patient Loading dose Bolus dose (mg) Lockout time (minutes)

Maintenance program Daily dose p.o. or s.c./i.m. (ratio oral to s.c./i.m. = 2:1) 1.25–2.5 5–10

No maintenance program 20–40mg p.o. 1.25–2.5 5–10

10–20mg s.c./i.m.

Reprinted from Anesthesiology, 101, 2005, 212, Perioperative management of acute pain in the opioid-dependent patient, with permission from Lippincott,
Williams & Wilkins.

Table 24.5 Morphine.

Bolus dose Lockout time (minutes) 4 hour-limit

1–2mg (20 mg/kg of ideal body weight) 8–10 20–80% of calculated dose

Reprinted from Obesity Surgery, 10, 2000, 154, Efficacy and safety of patient-controlled analgesia for morbidly obese patients
following gastric bypass surgery with kind permission of Springer Science and Business Media.
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to request analgesia. Both conditions can be potentially
alleviated with PCA. It offers the possibility to self-
administer medications and to titrate according to the
individual needs. Older patients use fewer opioids via
PCA, but report a comparable pain relief and high
satisfaction.75, 76 As older patients expect less pain and
even prefer less information and involvement in their
medical management,37 preoperative selection helps to
identify patients who are unwilling or are incapable of
using the device. Caution is required among patients with
respiratory, renal, and hepatic insufficiency.77 Under these
circumstances, incremental doses of morphine 1–1.5mg
with a lockout time of five to seven minutes76 is recom-
mended. Continuous background infusion is contra-
indicated.77 In cases of severe renal insufficiency use, an
opioid without active metabolites, e.g. fentanyl, is
indicated.

Close postoperative monitoring will increase the safety
profile of PCA with less confusion and fewer pulmonary
complications.75 In a systematic review, no significant
difference for postoperative delirium or cognitive decline
was seen among commonly used opioids (morphine,
fentanyl, hydromorphone).78 However, pethidine
(meperidine) was consistently associated with an
increased risk of delirium and is best avoided for PCA use
in the elderly surgical patients. The work of Vaurio et al.79

may lead to an interesting debate as to whether elderly
patients benefit from oral opioid management, as these
patients showed a decreased risk for developing delirium
in comparison to the PCA group.

CONCLUSIONS

PCA is an effective therapy for acute pain, while PCA
prescription and monitoring in a standardized form
increases safety. The knowledge and experience of an
acute pain service can optimize this system for use after
major surgery in a wide clinical spectrum.
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KEY LEARNING POINTS

� A new iontophoretic, transdermal, on-demand system

for fentanyl administration and transmucosal sprayers

which can be used for different opioids has been shown

to provide postoperative pain relief with adverse effects

similar to those of i.v. patient-controlled analgesia

(PCA) administration.
� The bioavailability and onset time is equivalent to

intramuscular and better than oral administration.

� Buccal fentanyl sticks (‘‘lollipop’’) and fentanyl tablets

can be used to treat ‘‘breakthrough pain’’ in cancer

patients treated with controlled-release opioids.
� The new alternative PCA systems are more patient-

friendly, they do not require expensive pumps or i.v.

lines, and the risk of medication errors is low.
� Do remember that a bedside reservoir of analgesics (oral

bedside PCA) may also provide autonomy and adequate

analgesia in the later postoperative period.

INTRODUCTION

Worldwide, intramuscular opioid administration is the
mainstay in the management of postoperative pain.1

Drug absorption from muscular tissue is, however, highly
dependent on local perfusion. The drug concentration in
the central nervous system (CNS) becomes unpredictable
with undesirable peaks and troughs. For the individual
patient, a preset dose may just as easily represent an
overdose as an underdose. Intravenous patient-controlled
opioid analgesia (i.v. PCA) with computerized pumps,
allows the patient to titrate the drug concentration
until a desired level of analgesia is reached and has gained

wide popularity in several western countries. The
pumps, however, are expensive and require considerable
time for training of nurses and programming. Recent
advances in pharmaceutical technology and in the
understanding of mucosal and dermal physiology
have opened the way for less invasive and more patient-
friendly opioid administration systems. The products
are still in their infancy, but may in the future become
more convenient than i.v. PCA (Table 25.1). Patient-
controlled epidural analgesia is discussed in Chapter 26,
Epidural analgesia for acute pain after surgery and
during labor, including patient-controlled epidural
analgesia.



APPLIED ANATOMY

Transdermal route

The skin is not only an important protective barrier, but
can also function as an effective and noninvasive route for
drug administration. The transdermal route escapes pre-
systemic hepatic elimination (the first-pass effect).
Changes in skin blood flow are, under normal conditions,
not a clinical problem.3 Demographic characteristics,
such as age, gender, ethnicity, body weight, and various
anatomic locations do not interfere with the transdermal
absorption of, for instance, fentanyl.4

Oral and nasal transmucosal route

High permeability to drugs and abundant blood flow
make mucosal opioid administration highly promising.5

The bioavailability is determined by patient-related fac-
tors like mucosal blood flow, secretion, ciliary activity, site
of drug deposition, and head position, but also drug-
related determinants, such as drug concentration, dose
volume, molecular size, ionization, pK, and pH of the
solution.3, 6 The drugs are transported by nonspecific
diffusion through mucosal aqueous channels. The bio-
availability is inversely correlated with the droplet size,3

but in contrast to previous belief independent on lipid
solubility.6 There is no hepatic first-pass effect and despite
a high activity of drug metabolizing enzymes (cyto-
chrome P450) in the nasal mucosa, a mucosal first-pass
drug metabolism has not been demonstrated.5, 7 Inter-
estingly, there is intimate contact between the olfactorial
mucosa and the subarachnoidal space. It has been
speculated whether compounds administered intranasally
may circumvent the blood–brain barrier and reach the
CNS directly.5

Inhalation route

The vascular tracheal mucosa has the potential of being
an effective route for drug administration. Studies on
tracheal administration of fentanyl have shown useful
analgesia despite low serum concentrations. Inhalation as
a different mode of analgesia compared with i.v.

administration has therefore been suggested,8 but the
reports are not conclusive. Other studies suggest that
inhalation of fentanyl is not more effective than other
parenteral routes.9

Oral/gastrointestinal route

Most opioids are highly ionized in acid environments and
unable to penetrate gastric mucosa. The absorption is
facilitated in the more alkaline environment as in the
small intestines, but a large portion is metabolized in the
liver (the first-pass effect). Thus, the bioavailability of
orally administered opioids is low or unpredictable. For
drugs that are metabolized into more potent substances,
such as morphine, codeine, or tramadol, the first-pass
effect may be an advantage (particularly in rapid
metabolizers).

TRANSDERMAL OPIOID DELIVERY

Fentanyl is the prototypical drug for transdermal
administration, providing plasma concentration as stable
as that for intravenous infusion.10 It has been found to
improve respiratory function and reduce the need for
supplementary opioids.11 Some clinical data indicate that
transdermal fentanyl is an effective and safe method for
controlling moderate to severe postoperative pain.12

Within the first generation of transdermal delivery sys-
tems (DuragesicTM, Jansen Pharmaceuticals, Titusville,
NJ, USA), fentanyl was stored in a gel matrix and sepa-
rated from the patient by a rate-controlling membrane. In
the second generation of fentanyl patches, the gel is
replaced by a matrix from which fentanyl cannot be
extracted for intended abuse. The stable plasma con-
centration is, however, not optimal for controlling acute
pain where intensity varies over time. When the pain
subsides, the patient may easily be overdosed. Thus,
fentanyl patches have not been recommended in the
management of postoperative pain.

Patient-controlled transdermal system

A new iontophoretic, on-demand system with fentanyl
hydrochloride is now commercially available (Figure
25.1). The first generation E-TRANSTM (model 4502;
Alza, Palo Alto, CA, USA) or TRANSFENTATM (Jansen
Pharmaceuticals), is replaced by the patient-controlled
transdermal system (PCTS) or iontophoretic transdermal
system (ITS); IONSYSTM (Ortho-McNeil Pharmaceutical,
Raritan, NJ, USA) and Janssen Pharmaceuticals, Titus-
ville, NJ, USA. By an electrical field-promoted delivery
(iontophoresis), the charged fentanyl molecules are
transferred from the gel reservoir across the epidermal
stratum corneum into systemic circulation. The system

Table 25.1 Alternative patient-controlled analgesia delivery

systems.

Transdermal Transmucosal

Iontophoretic devices for drug

administered through skin

Nasal aerosol sprays

Drug-impregnated

lollipops2

Buccal tablets
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combines the benefit of transdermal patches with those of
a PCA pump.

Postoperatively, after the patient has been given ade-
quate doses of i.v. analgesia, the PCTS can be initiated. It

is applied to the skin like a fentanyl patch. To initiate a
bolus dose, the on-demand button is pressed twice, then
an audible beep appears, and a red light-emitting diode
(LED) flashes. Fentanyl is not absorbed without an

(c)

(d)

(a) (b)

Top view Bottom viewProfile

Anode
hydrogel

Cathode
hydrogel

3

LED

On-demand
button

Iontophoresis
system

Epidermis

Dermis

Blood vessel

Fentanyl

Cathode

Battery

Anode
(drug resevior)

−+

2

Figure 25.1 A new iontophoretic, on-demand

system with fentanyl hydrochloride; IONSYS,

Ortho-McNeil and Janssen Pharmaceuticals. (a,b)

To initiate a bolus dose, the on-demand button is

pressed twice. (c,d) The charged fentanyl

molecules are transferred from the gel reservoir

across the epidermal stratum corneum into the

systemic circulation by an electrical field-

promoted delivery (d).
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applied current. One flash represents one to five doses
(40–200mg) administered, two flashes six to ten
doses (240–400 mg), and 16 flashes 76 to 80 doses
(3040–3200 mg).13 The bolus dose of fentanyl is fixed at
40 mg. Thus, when more analgesia is needed, the patient
has to adjust the frequency of dosing (Box 25.1).

The amount of fentanyl which is absorbed increases
with time and the amount of current delivered.12 A cur-
rent of 100 mA will give a controlled infusion of fentanyl
40 mg over ten minutes, which is needed to provide ade-
quate serum levels (1–3 ng/mL).12 With a current of
170 mA, however, 40 mg fentanyl is absorbed indepen-
dently of the delivery time.14 The patient can initiate six
boluses per hour or a total of 240 mg fentanyl per hour.
Each patch provides medication for up to 80 doses and
should be replaced after 24 hours at a different
skin site.

In three large randomized controlled trials (RCTs) on
patients undergoing major surgery, PCTS fentanyl has
been found to be superior to placebo and equivalent to
i.v. PCA morphine.15, 16, 17 Withdrawal due to inadequate
pain relief was less frequent in the group who received
fentanyl as compared with placebo (25–28 versus 40–60
percent),16, 17 but not when compared with i.v. PCA
morphine.15 No respiratory depression was reported for
the PCTS.15 Thus, a 40-mg fentanyl dose seems to be safe.
Nausea was the most frequently reported side effect
(26–4015, 16, 17 versus 26 percent in the placebo group16).
Skin reactions were rare (o5 percent).16 Most of the
patients (86 percent) found fentanyl HCl PCTS con-
venient and easy to use.17 In the future, fentanyl HCl
PCTS may possibly be used in pediatric populations.

TRANSMUCOSAL OPIOID DELIVERY

Opioids have been effectively administered intranasally.
The onset time is in general rapid and the bioavailability
equivalent to intramuscular and better than oral

administration (no hepatic first-pass effect).18 Intranasal
and i.v. PCA give equivalent pain control and patient
satisfaction19 with an onset of action that is nearly as fast
as that for i.v. therapy.19, 20, 21

Most opioid products are formulated as liquids which
can be delivered by metered spray pumps. The drug
should be administered in volumes of less than 150mL;
otherwise, it will bypass the nasal mucosa and enter the
pharynx or the lungs.5, 22, 23 Nasal irritation and a bitter
aftertaste are frequent (25 percent), and in one study only
one-quarter of patients preferred patient-controlled
intranasal analgesia (PCINA) to i.v. injection.24 Other
side effects include euphoria (3.6 percent), dizziness (1.4
percent), nausea (1.4 percent), vomiting (0.7 percent),
and pruritus (0.7 percent), but the incidences are no
higher than for i.v. PCA.13

Sufentanil

Sufentanil is a synthetic opioid. Given intermittently, the
duration of action is shorter than morphine. The high
lipophilicity makes sufentanil an ideal drug for intranasal
administration with an onset time of ten minutes and
bioavailability averaging 70 percent.25 Postoperatively,
titrated doses of 0.5 mg/kg sufentanil have been found to
provide adequate pain relief in 80 percent of patients.26

Based on experience in acute pain management,
intranasal administration of sufentanil has now been
extended into the palliative care field to treat break-
through pain. The bolus doses of sufentanil vary from 4.5
to 36 mg, the dose is repeated after 10 or 20 minutes.27

Fentanyl

Fentanyl is pharmacokinetically quite similar to sufentanil
and well suited for intranasal administration. Fentanyl has
no active metabolites. The most common fentanyl dose
for adults is 25 mg (0.4–0.5 mg/kg). Significant pain
reduction has been reported after ten minutes and within
20 minutes the efficacy equals that of i.v. fentanyl.19 With
a bioavailability of around 70 percent, an equipotent
intranasal dose is 1.3–1.5 times the i.v. dose. In an RCT,
repeated dosages of fentanyl 25 mg were equally effective
and safe as intravenous doses of 17.5 mg.21 PCINA fen-
tanyl (bolus of 25 mg/kg) has been applied successfully in
children as young as six years old. In patients with chronic
pain, intranasal fentanyl administration has been reported
to improve quality of life.28

Pethidine

Pethidine (meperidine) administered by an intranasal
PCA device provides better postoperative analgesia than
similar s.c. doses and is equally as effective as i.v.

Box 25.1 IONSYS characteristics

� An electrical field promotes transdermal delivery
of the drug; standard electrical current: 170 mA
over ten minutes (may vary).

� Bolus dose: 40 mg and lock-out time ten
minutes.

� The patch provides 80 doses and should be
replaced after 24 hours at a different skin site.

� No fentanyl is absorbed when current is not
applied.

� Pain control equivalent to i.v. PCA.
� Global satisfaction assessment score is high.
� Side effects are similar to i.v. PCA and tolerable.
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pethidine.29 To achieve the same degree of pain relief, the
intranasal dose has to be 1.36 times the i.v. dose.

Butorphanol

Butorphanol is a mixed agonist/antagonist and is rapidly
absorbed into the vascular nasal mucosa. The bioavail-
ability after intranasal administration varies from 48 to 70
percent,30 but is low after oral (5 percent), sublingual (19
percent), and buccal (29 percent) administration.31, 32

Equivalent analgesic efficacy compared with i.v. butor-
phanol is achieved within 15 minutes, but the onset is
slower (15 versus 5 minutes), and the duration longer (4.5
versus 3 hours).33 Two milligrams of butorphanol seems
to be the optimal dose, but it is better tolerated when
divided into 1mg increments given one hour apart.34 The
metabolite hydroxybutorphanol may accumulate due to
the long half-life (15 hours),35 and in patients with renal
hepatic impairment the dose intervals should be
increased. Age- and sex-related changes, however, are not
large enough to necessitate dosage differences.30 Intra-
nasal butorphanol is used to manage migraine attacks,
although the abuse problems are considerable.36

Diamorphine (heroin)

Intranasal patient-controlled diamorphine (boluses of
0.5mg) given postoperatively has been associated with
high rates of satisfaction (69 percent).37 In an RCT on
young patients with bone fractures, intranasal diamor-
phine gave more rapid analgesia as compared with
intramuscular administration,38 but after orthopedic
surgery, patient-controlled intranasal dosages of diamor-
phine 1.0mg has been found to be less effective than
0.5mg given intravenously.20

Methadone

In volunteers, intranasal methadone 10mg (100 mL sprays
in each nostril by a Pfeiffer BiDose sprayer) provided
maximum plasma concentrations within seven minutes.39

Maximum pain relief occurred after 30 minutes, com-
pared with 15 minutes and 2 hours respectively for
intravenous and oral administration. The duration was 10
hours for the intranasal methadone dose, and respectively
24 and 8 hours for the intravenous and oral doses.

Properties of the ideal transdermal and transmucosal
drug are shown in Box 25.2.

Patient-controlled intranasal analgesia devices

The Baxter PCINA on-demand system is a modification
of the Baxter PCA system for intravenous administration;
it consists of a mechanically driven infusor, a flow

restrictor tube, and a patient-controlled module for bolus
administration. A bolus volume of 0.5mL (25 mg fenta-
nyl) is injected through a 26-gauge plastic cannula with
the needle tip removed. The flow restrictor provides a
flow rate of 2mL/hour or 5mL/hour and lock-out
interval at 6 or 15 minutes.40 The delivered bolus volume
is not exact and may vary from 87 to 135 percent of the
intended volume.19

Go Medical has developed an inexpensive, low-tech,
sprayer device (Therapeutic Goods Administration
approval No. 54005; Go Medical, Subiaco, Western
Australia) (Figure 25.2).28 The small droplets (80 mm)
improve the bioavailability and reduce, for instance, the
incidence of bitter and burning taste after pethidine
administration. The bottle is filled with 4mL of a drug
solution (fentanyl 200 mg or pethidine 200mg). The
bolus volume is 0.18mL (9 mg fentanyl or 9mg pethi-
dine).28 As it takes four minutes to refill the dose
chamber (0.18mL), the maximum hourly dose cannot
exceed 2.85m (142.5 mg fentanyl or 142.5mg pethidine).
In a recent pilot study, a more concentrated base
was applied to provide fentanyl boluses of 54 mg.24 The
safety features are much like those of intravenous PCA.
The Go Medical PCINA device should be stored in a
locked cupboard (Table 25.2). A special screw top
demonstrates whether the bottle has been opened or
tampered with.

To facilitate the penetration into the mucosa,
different vehicles are added, such as polyethylene glycols,
glycofurol, ethylenediaminetetraacetic acid (EDTA),
surfactant, bile salts, cyclodextrins, and chitosan.5

Added microspheres make the solution more bioadhe-
sive, while polymers increase the viscosity and slow
clearance.5 Local toxicity of such formulations should be
considered.

Some companies (Pfeiffer, Radolfzell, Germany and
Valois, Marly-Le-Roi, France) offer hand-held pump
sprayers, bidose nasal sprayers, or disposable drug units.5

The sprayers have a special activation system and deliver
dose volumes of 100 mL or 2� 100 mL. The variation in
the given dose is small, less than 2 percent. A new
bidirectional nasal delivery system has demonstrated
improved drug distribution.41 It takes advantage of the
posterior connection between the nasal passages when the

Box 25.2 Properties of the ideal
transdermal and transmucosal drug

� Highly potent;
� Highly water and lipid soluble;
� Not irritating to skin, mucosa, or cilia;
� Unaffected by enzymes in the epidermis and

mucosa;
� Stable at room temperature.

3
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velum closes during oral exhalation, but has so far not
been applied for opioid administration.

Buccal delivery systems

Conventional short-acting opioids usually do not provide
the rapid onset of analgesia required for breakthrough
pain, and new delivery systems for buccal administration
have been introduced.

Oral transmucosal fentanyl citrate (OTFC) (‘‘lollipop’’)
acts like a PCA treatment for breakthrough pain in cancer
patients treated with controlled-release opioids (Figure
25.3).42 The active drug is incorporated into a dissolvable
matrix on a stick which is rubbed against the buccal
mucosa. Doses of 0.5–1mg or 15–20mg/kg provide rapid
and noninvasive analgesia with an onset time of 5–15
minutes. Bioavailability is greater than with oral admin-
istration.43 One milligram of OTFC is equivalent to 5mg
of morphine i.v.43 OTFC is commercially available in
units containing 200, 400, 600, 800, 1200, or 1600 mg of
fentanyl citrate (OraletTM and ActiqTM).

New fentanyl buccal tablets (FBT) are designed to
manage breakthrough pain in cancer patients treated with
long-acting opioids.44 The tablet formulation initiates a
shift in pH that enhances absorption across the buccal
mucosa. The bioavailability of fentanyl is higher with the
use of FBT than OTFC. Single FBT doses of 100–800mg are
generally well tolerated and provide effective pain control
from 15 to 60 minutes.45 Caution should be used in pre-
scribing FBT to patients with a history of substance abuse.
A difficulty with buccal (and sublingual) administration is
to know how much is absorbed, and how much is being
swallowed and hence subjected to first-pass metabolism.

A new sublingual tablet technology allowing very fast
dissolution of the tablet and rapid absorption of fentanyl
for breakthrough pain, was registered in 2008 (Abstrals,
ProStrakan, Malmö, Sweden).46

(a)

(b)

Figure 25.2 Patient-controlled intranasal analgesia (PCINA)

gives equivalent pain control and patient satisfaction to i.v.

administration. PCINA devices are now commercially available.

Figure courtesy of Go Medical, Subiaco, Australia.

Table 25.2 Patient-controlled analgesia system characteristics.

Baxter PCINA device Go Medical PCINA device

Bolus volume: 0.5mL ( = 25 mg
fentanyl)

Bolus volume: 0.18mL (9mg
fentanyl, 9 mg pethidine)

Lock-out interval: 6 or 15

minutes

Lock-out interval: 4 minutes

To avoid cross-infection the

device is for single-patient

use only

Repeated doses are required

for pain control

The bottle must be kept vertical

for 5 minutes after use to

ensure refilling

PCINA, patient-controlled intranasal analgesia.

Figure 25.3 A delivery system for oral transmucosal fentanyl

administration (ActiqTM). The active drug is incorporated into a

dissolvable matrix on a stick. Reprinted from Journal of
Perianesthesia Nursing, 20, Miaskowski C, Patient-controlled

modalities for acute postoperative pain management, 255–67,

Copyright (2005), with permission from the American Society of

PeriAnesthesia Nurses.
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ORAL BEDSIDE PCA

The issues of autonomy and control are equally important
for patients receiving traditional oral opioids. A bedside
reservoir of analgesics (oral bedside PCA) may provide
more autonomy and improved analgesia for selected
patients in the late postoperative period.47

CONTRAINDICATIONS AND LIMITATIONS

Previous allergic and serious adverse reactions exclude
transdermal and transmucosal delivery. To minimize the
risk of intentional and accidental overdose, the mon-
itoring should be the same as for i.v. PCA. Whether an
intravenous line is necessary is controversial (Box 25.3).49

It is essential to ensure that ActiqTM and lollipop-like
devices are kept out of the reach of children.
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Epidural analgesia for acute pain after surgery and
during labor, including patient-controlled epidural
analgesia
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KEY LEARNING POINTS

� Thoracic epidural analgesia reduces risks of

cardiopulmonary complications after thoracic and upper

and major abdominal surgery.
� Lumbar epidural anesthesia for pelvic surgery and

orthopedic surgery of the lower extremities, when

prolonged after surgery, does not decrease

cardiopulmonary risks and causes urinary retention and

weak legs.
� Epinephrine, when added to a local anesthetic and

fentanyl, decreases the doses needed and increases

effectiveness and safety of thoracic epidural for

postoperative pain relief.
� Epidural epinephrine does not decrease spinal cord

blood flow; it does decreases epidural blood flow,

systemic absorption of local anesthetic and opioid, and

therefore decreases opioid side effects (nausea, itching,

urinary retention, respiratory depression).
� Effective and safe epidural analgesia for postoperative

and obstetric analgesia is primarily spinal cord analgesia

and requires appropriate segmental placement of the

catheter, an infusion of low concentrations of a local

anesthetic, a lipophilic opioid, and epinephrine; a robust

monitoring regime where ward nurses observe and

record at least every fourth hour, upper and lower

segmental analgesic level using an ice cube, or alcohol

swab, any leg weakness, pain intensity at rest and when

moving, deep breathing, or coughing – on a 0–10

numeric scale. Inquire about any new backache, leg

weakness, and leg numbness. A high preparedness for

detecting early signs of epidural infection or bleeding,



for verifying diagnosis with magnetic resonance (MR) or

computed tomographic (CT) scan and surgical

preparedness for urgent laminectomy should spinal cord

ischemia/compression occur.
� A prerequisite for a successful postoperative epidural

practice is a well-organized acute pain team with well-

trained pain nurses, anesthesiologist availability, and

ongoing educational program for ward nurses,

anesthesiologists, surgeons, and patients.
� Lumbar epidural analgesia after abdominoperineal or

lower limb surgery gives good analgesia, but urinary

retention, requiring catheter emptying, and leg

weakness occur frequently when meaningful local

anesthetic concentrations are used. This makes early

mobilization, as well as monitoring of spinal cord

functions and early detection of epidural hematoma or

abscess, more difficult.
� Epidural analgesia for vaginal delivery is the ‘‘gold

standard’’ for relief of severe pain during childbirth.

When combined with subarachnoid (spinal) injection of

low, analgesic doses of local anesthetic and lipophilic

opioid early, the first stage of labor is shortened, and

rates of cesarean section and instrumental deliveries are

decreased. The risk of postpartum back pain is not

increased.
� Alternative epidural analgesic mixtures containing

sufentanil, diacetylmorphine, or morphine are

effective as well, but the latter two may cause more

respiratory depression, nausea, itching, and urinary

retention.

INTRODUCTION: WHY USE EPIDURAL
ANALGESIA?

The outcome after major surgery can be improved by
relieving dynamic pain, i.e. pain during mobilization of
the patient. The intense pain provoked by deep breathing,
coughing, or moving a body part affected by surgery can
be relieved effectively only with continuous neuraxial or
peripheral nerve blocks. This enables patients to breathe
deeply and cough, thereby preventing retention of secre-
tions and development of atelectasis, pneumonia, and
sepsis. Reducing dynamic pain will also enable the
patients to perform active movements of limbs after
orthopedic surgery, hastening rehabilitation of normal
function. Thus, continuous cervical/brachial plexus
blockade with catheter techniques and infusions of local
anesthetics provides excellent analgesia and improves
circulation and mobility of the upper extremity after
shoulder, arm, or hand surgery.1, 2 Epidural or continuous
femoral nerve block enables patients to move their lower
limbs more during the early days after major knee sur-
gery.3 This results in a more rapid rehabilitation than with
intravenous (i.v.) patient-controlled analgesia (PCA) with
morphine.3 Epidural analgesia, as well as intercostal and
paravertebral spinal nerve blocks, improve pulmonary
function and reduce pulmonary complications after
thoracic and upper abdominal surgery.4, 5

Epidural analgesia with a local anesthetic, with or
without an opioid, decreases the risk of developing
postoperative pulmonary complications, such as atelec-
tasis and pneumonia, by 50–70 percent compared with
systemic opioids.4 Epidural opioids alone do not always
reduce the risk of postoperative pulmonary complica-
tions.4, 5 Thus, it is important to realize that a local
anesthetic is needed in an epidural infusion in order to
improve pulmonary function after major surgery.

This is also true for improved gastrointestinal motility
after abdominal surgery: an epidural local anesthetic (and

an epidural local anesthetic with an opioid) shortens the
time of intestinal paralysis after surgery compared with i.v.
morphine PCA or epidural morphine alone.5, 6, 7, 8, 9, 10

Epidural analgesia for vaginal delivery is the ‘‘gold
standard’’ for relief of severe pain during childbirth. When
combined with subarachnoid (spinal) injection of low,
analgesic doses of local anesthetic and lipophilic opioid
early, the first stage of labor is shortened and the rates of
cesarean section and instrumental deliveries are decreased.

THORACIC EPIDURAL IMPROVES
CARDIOPULMONARY OUTCOME AFTER
SURGERY, LUMBAR EPIDURAL DOES NOT

It is now well established that a thoracic epidural is ben-
eficial for patients who are at high risk of cardiac or pul-
monary complications after thoracic or major abdominal
surgery.5, 11, 12, 13, 14, 15, 16 Postoperative myocardial infarc-
tion, respiratory and renal failure, and stroke were reduced
by perioperative thoracic epidural analgesia,6 but not by
lumbar anesthesia and analgesia.11, 12, 13, 14, 15, 16 In recent
studies, mortality is not significantly different, most likely
due to improved effectiveness and safety of general anes-
thesia and intensive care of patients suffering complica-
tions after surgery.5, 16 Only thoracic epidural analgesia,
segmentally tailored to the surgical wound area, containing
an appropriate concentration of a local anesthetic and a
low amount of an opioid, will improve cardiopulmonary
outcome, as well as comfort for the high-risk patient
during mobilization.12 Thus, a double-blind comparison of
low thoracic epidural (bupivacaine plus high-dose fenta-
nyl) with i.v. fentanyl PCA did not find any differences in
dynamic pain nor in outcome after abdominal aortic
aneurysm surgery, but nor did it document (owing to the
blinding procedure) that the catheter remained in the
epidural space.17 Even in the best of hands, there is at least
a 10 percent catheter failure rate, which may be as high as
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50 percent during the first few days after surgery.18

Moreover, they used low thoracic position (T10–11) of the
epidural catheter, which does not give optimal myocardial
protection.11

Thoracic epidural analgesia containing a local anes-
thetic:11, 19, 20

� dilates stenotic coronary arteries and
increases myocardial oxygen supply;

� decreases myocardial oxygen consumption;
� decreases myocardial ischemic events and

postoperative myocardial infarction;
� improves lung function and oxygenation;
� improves gastrointestinal motility.

On the other hand, lumbar epidural analgesia with a local
anesthetic:11

� dilates arteries of the lower part of the body;
� causes compensatory constriction of the upper part

of the body, including the coronary arteries;
� decreases myocardial oxygen supply;
� causes leg weakness and urinary retention;
� does not improve gastrointestinal motility, nor

pulmonary functions.9, 10, 11

Thus, a lumbar epidural may even increase the cardiac
risk and does not improve either pulmonary function or
gastrointestinal motility. Lack of awareness of these
important differences between thoracic and lumbar epi-
dural analgesia is one reason for the confusion and con-
flicting opinions regarding the effects of epidural
analgesia on outcome after surgery.12

RISKS TO THE PATIENT FROM EPIDURAL
ANALGESIA

Even with the epidural catheter in a low thoracic or
thoracolumbar area, if an excessive dose of a local anes-
thetic is administered epidurally, the patient may develop:

� orthostatic hypotension, making mobilization
difficult;

� motor blockade and weak legs, making mobilization
difficult and risky;

� urinary retention, increasing risk of urinary tract
infections.

If an excessive dose of an opioid is administered epidu-
rally, the following may occur:

� sedation and respiratory depression (immediate, as
well as late);

� increased incidence and severity of:
– itching;
– nausea and vomiting;

Rare, but potentially catastrophic complications are:21

� epidural bleeding;
� epidural infection.

Leg weakness and back pain are early warning symptoms
of impending catastrophic complications. It is essential to
have a robust monitoring regime to detect changes in leg
weakness. Excessive doses of local anesthetic should be
avoided, especially in the lumbar or thoracolumbar epi-
dural segments as motor blockade will occur, concealing
early signs of spinal cord compression/ischemia.22, 23

OPTIMIZING EFFICACY AND SAFETY OF
EPIDURAL ANALGESIA

The efficacy and safety of epidural analgesia is optimized
by exploiting the principle of synergy24, 25 in combining
two or more drugs with different mechanisms of analgesia
and different dose-related side effects. For almost two
decades we have had a successful regime for postoperative
epidural analgesia using a combination of the following
low concentrations of drugs:26

� a local anesthetic (bupivacaine 1mg/mL);
� an opioid (fentanyl 2 mg/mL);
� an adrenergic agonist (epinephrine 2 mg/mL).

These three drugs cause spinal cord analgesia by three
separate mechanisms acting on the pain impulse trans-
mission process in the spinal cord. Fentanyl acts on pre-
and postsynaptic opioid receptors and epinephrine (like
clonidine) acts on a2-receptors in the dorsal horn. These
effects increase inhibition of pain impulse transmission
from the primary afferent nociceptive neurons to the
interneurons and transmission neurons in the dorsal horn
of the spinal cord. Subanesthetic doses of bupivacaine
inhibit excitatory synaptic mechanisms in the same area
of the spinal cord.

Exploiting their synergistic antinociceptive effects, con-
current administration of these three pain-inhibiting drugs
allows a reduction in the dose of each drug (Figures 26.1 and
26.2).27, 28, 29 The three drugs have different dose-related side
effects. Therefore, the overall risks of adverse effects are
reduced. This is true for respiratory depression, nausea,
itching, gastrointestinal motility, sedation, hypotension,
urinary retention, motor blockade, and leg weakness.22, 23,
24, 25, 26, 27, 28, 29

� Nurses on the surgical wards titrate the infusion rate
of the epidural analgesic mixture to ensure segmental
sensory block of the wound area, aiming for no pain
at rest and only mild pain during coughing.

� Patients, when awake, with stable cardiorespiratory
functions, are allowed to use the dose administration
button of the patient-controlled infusion pump to
give themselves boluses, when needed, e.g. before
mobilization and pulmonary physiotherapy.
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Figure 26.1 Double-blind, crossover study documenting the marked increase in epidural analgesia when epinephrine was added to

bupivacaine and fentanyl. Visual analog scale (VAS) scores of pain intensity when coughing (a) and pain at rest (b) after major thoracic

or abdominal surgery during infusion of epidural analgesic mixture containing bupivacaine 1mg/mL and fentanyl 2 mg/mL with or

without epinephrine 2mg/mL. Redrawn with permission from Niemi and Breivik.27
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Figure 26.2 Double-blind, crossover study documenting the marked potentiation by fentanyl of epidural analgesia from bupivacaine

and epinephrine (adrenaline). Visual analog scale (VAS) scores of pain intensity when coughing (a) and pain at rest (b) after major

thoracic or abdominal surgery during infusion of epidural analgesic mixture containing bupivacaine 1mg/mL and epinephrine 2 mg/mL
with or without fentanyl 2 mg/mL. Redrawn with permission from Niemi and Breivik.28
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EPINEPHRINE MARKEDLY INCREASES THE
EFFECTIVENESS OF EPIDURAL ANALGESIA

Epinephrine has been administered with opioids and local
anesthetics for epidural analgesia for vaginal deliveries and
after surgical deliveries.30 For more than two decades we
have used epinephrine in our standard epidural regime to
reduce the doses needed of local anesthetic and fentanyl. In
a randomized, double-blind, crossover study, we docu-
mented the powerful effects of epinephrine in this regard.27

Pain intensity was practically zero during rest after major
abdominal or thoracic surgery with the triple mixture of
bupivacaine, fentanyl, and epinephrine (Figure 26.1).
When epinephrine was removed from the mixture, pain
increased and, in spite of more patient-administered bolus
epidural doses, i.v. rescue morphine was needed. When our
standard mixture with epinephrine was reintroduced, pain
relief again became optimal.27

Similarly, pain during coughing was only mild after
major thoracic and upper abdominal surgery when the
triple mixture was infused (Figure 26.1). When epi-
nephrine was removed from the mixture, pain during
deep breathing and coughing increased to severe intensity,
but adding epinephrine again reduced cough-provoked
pain to only mild pain (Figure 26.1).27 In a study to
establish optimal doses, we documented that epinephrine
0.5 and 1.0 mg/mL had less effect on the efficacy of the
analgesic mixture than did 1.5 mg/mL, which had almost
the same effect as 2.0 mg/mL.31

Exactly the same findings have been reproduced in a
randomized, double-blind, crossover study of thoracic
epidural analgesia with ropivacaine 1mg/mL with fenta-
nyl 2 mg/mL with or without epinephrine 2 mg/mL.32

EPINEPHRINE MARKEDLY INCREASES SAFETY
OF EPIDURAL ANALGESIA WITH BUPIVACAINE
AND FENTANYL

Epinephrine is important for the safety of prolonged
epidural infusion of the analgesic mixture because
absorption of fentanyl (and bupivacaine) into the sys-
temic circulation is reduced. This is shown by a sig-
nificantly lower serum concentration of fentanyl when
epinephrine is added to the epidural infusion. With epi-
nephrine 2 mg/mL, fentanyl is almost undetectable in
serum.27 When epinephrine is removed from the epidural
infusion, the serum fentanyl concentration increases and
patients experience adverse effects from systemic
absorption: sedation, nausea, and pruritus.27, 30

An illustrative event was impressive in demonstrating
the wide safety margins of this epidural regime: a human
error in programming the epidural infusion pump
occurred, with ten times the prescribed infusion rate (80
instead of 8mL per hour) being administered to a patient
for about three hours before the error was detected.
Beside a profound analgesia and weak legs, no systemic

adverse effects occurred (Niemi and Breivik, personal
communication).

Epinephrine, unlike the more specific a2-receptor
agonist clonidine, does not cause sedation or hypoten-
sion.33 Furthermore, again unlike clonidine, it causes
epidural vasoconstriction and less systemic absorption of
concurrently administered drugs.27, 34

EPIDURAL EPINEPHRINE DOES NOT DECREASE
SPINAL CORD BLOOD FLOW

Spinal cord and cerebral arterioles do not respond to
adrenergic drugs with vasoconstriction.35, 36 Therefore, epi-
dural epinephrine 2mg/mL at 5–15mL per hour does not
decrease spinal cord blood flow; even much larger doses of
epinephrine directly into the cerebrospinal fluid (CSF) do
not reduce spinal (or cerebral) blood flow.35, 36, 37, 38 The
potent constrictive action of epinephrine on vessels outside
the central nervous system has led to misunderstanding and
unfounded concern about the blood supply to the spinal
cord when administering epinephrine-containing epidural
infusions. There are, however, no human data supporting
this concern,39, 40 only misinterpreted case histories in which
a temporal association with epidural or subarachnoidal
administration of epinephrine has been interpreted as the
cause of spinal cord ischemia.41

Epinephrine has been used with spinal anesthetics for
decades without any clinical spinal cord dysfunction
being observed.39, 41 In 20 patients undergoing gyneco-
logical laparoscopy under selective spinal anesthesia with
lidocaine 10mg and sufentanil 10 mg with and without
epinephrine 50 mg, spinal cord functions (spinothalamic,
dorsal column, and motor) were well preserved, with or
without epinephrine.40 Several animal studies have shown
that administering subarachnoid epinephrine (up to
200 mg bolus) does not decrease spinal cord blood flow in
cats or dogs.35, 37, 38 A study in dogs using a spinal-win-
dow preparation demonstrated a modest reduction (10.6
percent) in spinal pial vessel diameter produced by epi-
nephrine 5 mg/mL – a small change that did not lead to a
critical decrease in spinal cord blood flow.36

On the other hand, epinephrine administered epidu-
rally reduces the epidural blood flow markedly,37 but
concentrations of epinephrine from 0.5 to 5 mg/mL have
been found to be safe in epidural infusions.42, 43, 44, 45

An additional, possibly very important advantage of
epinephrine infusion into the epidural space is the effect on
platelets, increasing their adhesiveness, reducing any bleed-
ing that may follow a vessel injury in the epidural space.

In a dose-determining study, we documented that
epinephrine concentrations of 0.5 or 1mg/mL were less
effective than 1.5 and 2 mg/mL in potentiating epidural
analgesia from bupivacaine and fentanyl.31 Therefore, we
chose a concentration of epinephrine of 2 mg/mL so that
any oxidative inactivation (about 10 percent after several
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months shelf life46), would still leave sufficient epi-
nephrine for the desired effect.

With this background and our extensive clinical
experience over two decades, we are convinced that the
minute dose of epinephrine (about 20mg per hour) is not
only advantageous for its analgesic effect but is also very
safe (Box 26.1).25, 26

PRESCRIPTION FOR SAFE AND EFFECTIVE
EPIDURAL ANALGESIA AND PATIENT-
CONTROLLED EPIDURAL ANALGESIA FOR
POSTOPERATIVE AND OBSTETRIC PAIN RELIEF

Our prescriptions for safe and effective epidural and
patient-controlled epidural analgesia, which we have
practiced now for two decades at the University Clinic Pain
Services of Rikshospitalet, Oslo, Norway, and Inselspital,
Berne, Switzerland, are summarized here. More detail and
background can be found in several key references.25, 26, 48

Epidural analgesia for postoperative pain relief

� Indications:
– ideal for relief of severe dynamic pain on moving,

deep breathing, and coughing after thoracotomies,
upper abdominal surgery, major abdominal
surgery;

– because of motor blockade of lumbosacral nerve
roots, causing weak legs and urinary retention,
lumbar epidural analgesia is less than ideal after
pelvic surgery and major orthopedic surgery on
hips and lower extremities.

� Contraindications/relative contraindications:
– any increased risk of bleeding into the spinal

canal:
� hereditary or aquired hematologic
abnormalities;

� international normalized ratio (INR) above
1.6;

� platelets below 100,000;
� potent platelet inhibitors, discontinued less
than five days previously;

� low molecular weight heparin (LMWH) in
more than thromboprophylaxis doses, less
than 24 hours previously;

� fondaparinux less than 36 hours previously;
� heparin less than four hours previously, or
abnormal activated partial thromboplastin
time (APTT).

– infection in the skin area for epidural catheter
insertion.

– abnormal anatomy of the spine making epidural
catheterization difficult.

Epidural analgesia with local anesthetic, opioid, and
epinephrine is mainly spinal cord analgesic effects, but
also spinal nerve root local anesthetic effects. Therefore,
the following procedure should be followed: place the
epidural catheter at the appropriate segmental level before
surgery, test for bilateral sensory block before induction
of general anesthesia, and continue epidural analgesic
infusion during surgery to obtain a ‘‘flying start’’ of
postoperative analgesia.

The recommended segmental level for the tip of the
epidural catheter is as follows:

� thoracotomy: Th4–7;
� upper abdominal surgery: Th7–9;
� major abdominal surgery: Th8–11;
� low abdominal/pelvic surgery: Th10–L1;
� hip/knee surgery: L1–3.

We use a triple-component analgesic mixture with low
concentrations of a local anesthetic, an opioid, and an
adrenergic agonist. Our hospital pharmacy makes stock
solutions, and bags containing 550, 275, or 110mL are
prepared with the following content:46

� bupivacaine 1mg/mL;
� fentanyl 2 mg/mL;
� epinephrine 2mg/mL.

This is an intentionally weak epidural analgesic mixture,
intended to reduce severe dynamic pain to mild pain, but

Box 26.1 Epinephrine interacts
pharmocokinetically and
pharmacodynamically with bupivacaine
and fentanyl to improve efficacy and
safety of epidural analgesia

There are several positive interactions which occur
between epinephrine and the two other components:

1. Pharmacokinetic interactions between epinephrine
and the local anesthetic reduce systemic
absorption, decreasing the systemic adverse
effects of the latter two and allow higher
passage from the epidural space to the
cerebrospinal fluid (CSF) and spinal cord, where
pharmcodynamic interactions between the a2-
agonist effects of epinephrine with the opioid
agonist and the synaptic inhibition of the local
anesthetic synergize to cause strong analgesic
effects with low doses of each of the three
drugs. This allows further reduction in the doses
of each drug, reducing dose-related side effects.47

2. Epinephrine increases stickiness of platelets,
potentially reducing any bleeding from needle/
catheter injury of epidural vessels.
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not aiming for complete pain-free movements. This enables
patients to feel pathological pain (caused by surgical com-
plication or epidural bleeding/infection). Because the sys-
temic absorption of fentanyl is almost nil (with the
epinephrine added), any pain outside the segmental areas
covered with the epidural can be relieved with i.v. morphine
or similar potent opioid given intravenously.

We use a closed system with a 550-mL bag (enough for
about three days after major surgery) and a remote
administration set in an electronically controlled and
driven, tamper-proof infusion pump with patient-con-
trolled bolus option (Figure 26.3).

Nurses or doctors on the surgical ward adjust the
epidural analgesia infusion rates of between 5 and 10mL
per hour, adjusted to an area of cutaneous cold hypo-
sensitivity (ice cube in glove) covering the wound.

When the patient is alert and has stable cardio-
respiratory functions, patients are allowed patient-con-
trolled bolus infusion (3–5mL, lock-out time 30 minutes)
to increase analgesia before mobilization or deep
breathing and coughing exercises. The infusion rate and
catheter site determine the segmental spread of the epi-
dural analgesia. Epidural bolus doses will deepen and
strengthen the intensity of analgesia.

The robust and vigilant monitoring regime is as fol-
lows. Nurses on the surgical wards monitor and record
the following every four hours:

� sensory levels – upper and lower, bilateral, using cold
stimuli, e.g. ice cube in plastic glove or alcohol swab;

� motor function: is there any leg weakness or
increasing leg weakness?

� pain intensity during rest and during movement,
using a 0–10 numeric rating scale (NRS) for pain
intensity;

� sedation, on a 0–3 categorical scale;

� respiratory rate;
� systolic blood pressure;
� drug consumption, total since start;
� occurrence of any side effects, e.g. itching, nausea;
� need for urinary bladder catheterization?

When nursing time is limited (e.g. during night shifts),
the following three questions must be answered.

� Can the patient be easily awakened?
� Is the patient pain free at rest and has only mild

pain when deep breathing or coughing?
� Can the patient move the feet as easily as before?
� If all are affirmatively answered, the epidural is

working as it should and there are no major
complications.

Attention should be paid to sterile techniques in caring
for epidural catheters and tube connections. The system
should be kept closed, with no tube changes needed,
unless there is contamination.

Once every 24 hours, examine for tenderness at the
catheter entry site. If there is tenderness, inspect for rubor
at the catheter entry site. If there are local signs of catheter
channel infection, remove the catheter, culture for bac-
teria, and consider antibiotics if there are signs of systemic
infection.

Discontinuing epidural analgesia should be under-
taken as follows.

� Reduce infusion rate by about 30 percent every three
hours.

� Start oral opioid and nonopioid analgesic at the
appropriate dose (e.g. oral oxycodone
10–20mg1paracetamol 1 g for adult patients above
50 kg in weight).

Figure 26.3 A closed system for delivering

the epidural analgesic mixture. A 550-mL bag

prepared by our hospital pharmacy and

Fresenius-Kabi, Halden, Norway, contains

bupivacaine 1mg/mL, fentanyl 2 mg/mL, and
epinephrine (adrenaline) 2 mg/mL. This solution
is stable for several months.46 The epidural

analgesic mixture is delivered at a constant

infusion rate of 5–10mL per hour, titrated by

the nurses on the surgical ward through a

Deltec CADD pump (Deltec, Saint Paul, MN,

USA). If more analgesia is required, the

patient is allowed to self-administer a rescue

analgesic bolus dose of usually 4mL, up to

twice per hour. This is possible only when the

patient is awake, clear-headed, and has stable

cardiorespiratory vital signs.
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� Leave epidural catheter in place for at least three
hours in order to be able to restart epidural infusion,
if necessary.

EPIDURAL ANALGESIA IN CHILDREN

The same general precautions as for adults are needed in
children. Epidural catheterization with the patient heavily
sedated or under general anesthesia without muscle
relaxants is accepted by many pediatric anesthesiologists,
but the author feels that extreme caution should be
exercised: spinal cord damage from needle trauma or
epidural bleeding is possible and will not be easily
detected in a child under deep general anesthetic.

The infusion rate of our standard epidural mixture
(see above under Epinephrine markedly increases safety of
epidural analgesia with bupivacaine and fentanyl) is
0.3–0.5mL/kg per hour. Bolus dose administered by the
patient is one-third of the hourly infusion rate.

EARLY DETECTION AND URGENT HANDLING OF
EPIDURAL HEMATOMA OR ABSCESS

With our reliable, closed infusion pump system, the
ongoing educational program for nurses, pump malfunc-
tions, and programming errors are practically eliminated.
With thoracic catheter position and low infusion rates of
the low-concentrations standard epidural mixture, hypo-
tension (in normovolemic patients), respiratory depres-
sion, and significant motor blockade occur infrequently.
However, epidural bleeding and infection are always
potential risks,21, 22, 23, 25, 26, 48 and therefore everyone
involved in the care of patients having epidural analgesia:

� must be vigilantly looking for early signs of infection
or hematoma in the epidural space, including new
backache, leg weakness, or increasing leg weakness;

� must have a high awareness for the need of urgent
MR or CT scan to verify suspected spinal canal
bleeding or infection;

� have high preparedness for urgent surgical
decompression should spinal cord compression from
bleeding or abscess be verified.

There is only a period of about ten hours from initial
symptoms of increasing leg weakness until the spinal cord
is irreversibly damaged by an epidural hematoma. The
time of grace is longer when an epidural abscess is slowly
increasing in size: averaging about three days.22, 23

EPIDURAL ANALGESIA AFTER
ABDOMINOPERINEAL OR LOWER LIMB SURGERY

Prolonged epidural analgesia after lower abdominal or
abdominoperineal surgery or major orthopedic surgery of

the lower limb requires balancing the composition of the
epidural analgesic mixture with segmental siting of the
epidural catheter. A lumbar epidural catheter with a local
anesthetic-containing epidural infusion will easily cause
cauda equina nerve root anesthesia with motor blockade
and leg weakness. For opioid and adrenergic components
to affect dorsal horn pain transmission, the catheter has
to be placed above L2 for a low-dose infusion to reach the
spinal cord.

With our standard triple-component epidural solu-
tion, we have obtained the best results (best analgesia with
least leg weakness) for perineal pain by placing the
catheter at the thoracolumbar or upper lumbar levels.29

EPIDURAL ANALGESIA IN PATIENTS IN THE
INTENSIVE CARE UNIT

If for any reason the postoperative patient becomes an
intensive care unit patient, heavily sedated, or on the
respirator, reliable monitoring of effects of the epidural
and of spinal cord functions is not possible. Consider
discontinuing the epidural and removing the epidural
catheter, if no bleeding problems are present.

EPIDURAL ANALGESIA IN LABOR IS GOLD
STANDARD OF OBSTERIC ANALGESIA

Epidural analgesia for vaginal delivery is the ‘‘gold stan-
dard’’ for relief of severe pain during childbirth. When
instituted early during the first stage, combined with
spinal analgesia, delivery may be shortened and outcome
for mother and child improved, compared with systemic
analgesics – and compared with epidural analgesia started
later.49, 50

During the first stage of delivery, pain impulses enter
the spinal cord at segmental levels Th10–L1-2; during the
second stage pain impulses enter at low lumbar and sacral
segments as well. The ideal regime may be a low dose of
bupivacaine (1–1.25mg) plus fentanyl (20 mg), or sufen-
tanil (4mg) given subarachnoidally at the start of painful
contractions, and with an epidural catheter placed at the
same time. Epidural low rate infusion 4–6mL per hour
(of bupivacaine (or ropivacaine) 1mg/mL1fentanyl 2mg/
mL1epinephrine 2 mg/mL) is activated after one to two
hours when the effects of the subarachnoid injection are
weaning. The parturient may be allowed to administer
patient-controlled epidural boluses of the same mixture
(3–5mL) up to twice per hour.

This, and similar regimes, results in specific spinal cord
analgesia with minimal motor blockade, minimal sys-
temic, fetal, and postpartum effects on the newborn,
shortened first and second stages of labor, decreased or
unchanged rates of cesarean section and instrumental
deliveries (Box 26.2).49, 50

318 ] PART II THERAPEUTIC PROTOCOLS



REQUIREMENTS FOR A SUCCESSFUL
POSTOPERATIVE PAIN MANAGEMENT
PROGRAM

One important lesson from the last two decades of
experience with acute postoperative pain relief, using
epidural analgesia as well as intravenous opioid patient-
controlled analgesia and upgraded ‘‘low-technology’’
traditional pain relief,25, 26 is that in order to have a
successful postoperative epidural pain management ser-
vice, the following factors need to be in place.

� A minimum number of dedicated pain personnel: at
least one pain nurse covering daytime activities,
supported by an anesthesiologist who is able to
spend most of his/her time on postoperative pain
management.

� Through an educational program, the nurses on the
surgical wards learn, and relearn, how to monitor
and manage pain. The educational program has to be
ongoing, to reach all new personnel and part-time
and night-time nurses.

� There should be standard orders on how to
adjust treatment, how to look out for early
symptoms of potentially harmful adverse effect,
and how to prevent and treat such adverse
effects.

� The monitoring regime and educational program are
instruments for continuous quality improvement,
and will result in all patients having better
pain control, i.e. not only those who benefit
from high-skill, high-technology, postoperative
epidural analgesia or i.v. opioid PCA, but also
those who require only low-technology
approaches.25

ALTERNATIVE EPIDURAL ANALGESIC
MIXTURES

There are many alternative recipes for postoperative epi-
dural analgesia. Ropivacaine is an alternative to bupiva-
caine, being less cardiotoxic.32 When co-administering
bupivacaine with fentanyl and epinephrine for epidural
infusion analgesia, very low doses are required so that
cardiotoxicity of bupivacaine is not an issue.25

Sufentanil is more potent than fentanyl; it is well
documented and approved for epidural administration in
several countries. With epinephrine and bupivacaine,
sufentanil appears to function as well as fentanyl.51 It is
more expensive than fentanyl and our hospital pharmacy
is still not able to obtain sufentanil (or ropivacaine) in dry
form for our triple-component epidural mixture.

Morphine or diamorphine and bupivacaine, with or
without epinephrine, may be a bit less sensitive to optimal
segmental siting of the epidural catheter, but nausea and
pruritus often reduce the quality of analgesia, and they
may have a higher risk of respiratory depression.18

SUMMARY

Thoracic epidural analgesia reduces risks of cardio-
pulmonary complications after thoracic and upper and
major abdominal surgery. Lumbar epidural anesthesia for
pelvic surgery and orthopedic surgery of the lower extre-
mities, when prolonged after surgery, does not decrease
cardiopulmonary risks and causes urinary retention and
weak legs. Epinephrine, when added to a local anesthetic
and fentanyl, decreases the doses needed and increases
effectiveness and safety of epidural analgesia for post-
operative pain relief. Epidural epinephrine does not
decrease spinal cord blood flow; it does decrease epidural
blood flow, systemic absorption of local anesthetic and
opioid, and therefore decreases opioid side effects (nausea,
itching, urinary retention, respiratory depression).

Effective and safe epidural analgesia for postoperative
and obstetric analgesia is primarily spinal cord analgesia
and requires:

� appropriate segmental placement of the catheter;
� an infusion of low concentrations of a local

anesthetic, a lipophilic opioid, and epinephrine;
� a robust monitoring regime where ward nurses

observe and record at least every fourth hour:
– upper and lower segmental analgesic level using

an ice cube, or alcohol swab;
– any leg weakness;
– pain intensity at rest and when moving, deep

breathing or coughing – on a 0–10 numeric scale;
– any new backache, leg weakness, and leg

numbness;
� a high preparedness for detecting early signs of

epidural infection or bleeding, for verifying diagnosis

Box 26.2 Epidural (neuraxial) analgesia in
labor

1. Spinal puncture at L3–4 with a 27-gauge
spinal needle or combined spinal epidural when
contractions are painful.

2. Subarachnoid injection of bupivacaine
(1–1.25mg) plus fentanyl (20 mg), or sufentanil
(4mg).

3. Place epidural catheter, aiming tip of catheter
at L1–2.

4. Activate epidural infusion when painful
contractions are recurring at 4–6mL per hour
of bupivacaine (1mg/mL) plus fentanyl (2 mg/
mL) and epidnephrine (2 mg/mL).

5. Allow patient-controlled epidural bolus 4–5mL
up to every 30 minutes.
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with MR or CT scan and surgical preparedness for
urgent laminectomy should spinal cord ischemia/
compression occur.

A prerequisite for a successful postoperative epidural
practice is a well-organized acute pain team with well-
trained pain nurses, anesthesiologist availability, and
ongoing educational program for ward nurses, anesthe-
siologists, surgeons, and patients (see Chapter 47, Orga-
nization and role of acute pain services and Chapter 48,
Acute pain services and organizational change).

Epidural analgesia after abdominoperineal or lower
limb surgery gives good analgesia, but urinary retention,
requiring catheter emptying, and leg weakness occur
frequently when meaningful local anesthetic concentra-
tions are used. This makes early mobilization, as well as
monitoring of spinal cord functions and early detection of
epidural hematoma or abscess, more difficult.

Epidural analgesia for vaginal delivery is the ‘‘gold
standard’’ for relief of severe pain during childbirth. When
combined with subarachnoid (spinal) injection of low,
analgesic doses of a local anesthetic and a lipophilic opioid
early, the first stage of labor is shortened, rates of cesarean
section and instrumental deliveries are decreased. The risk
of postpartum back pain is not increased.

Alternative epidural analgesic mixtures, instead of
fentanyl, containing sufentanil, diacetylmorphine, or
morphine are effective as well, but the latter two may
cause more respiratory depression, nausea, itching, and
urinary retention.
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KEY LEARNING POINTS

� Sympathetic efferent fibers are involved in nociception

and transmission of pain impulses.
� Sympathetic efferent nerve impulses can modify

functions of sensory nerves after injury or infection,

causing sympathetically maintained pain as part of a

neuropathic pain condition. However, only

approximately one-third of complex neuropathic pain

conditions have a sympathetically maintained pain

component.
� The anatomy of the autonomic nervous system allows

specific blocks and interference of sympathetic outflow

so that sympathetically maintained pain can be

diagnosed and treated specifically.
� Selective sympathetic blocks of the upper and lower

extremities can be performed effectively with low risk

of complications.
� The evidence-base for long-term effects of sympathetic

blocks on chronic complex pain conditions is limited:

negative studies are often flawed by not selecting

patients with proven sympathetically maintained pain,

whereas the reported long-term positive outcomes in

the hands of experts is considered weak evidence.

INTRODUCTION

The sympathetic nervous system maintains a constrictor
tone in blood vessels of the skin. The classic indication for
sympathetic neural blockade and surgical sympathectomy
has been to help in the healing of ischemic cutaneous
ulcers and to relieve ischemic foot pain at rest.1 Although
vascular surgery may help such patients, rest pain due to
ischemic conditions of the lower extremity is still an
appropriate indication for lumbar sympathetic neural
blockade.1

Sympathetically maintained pain is indicated by pain
relief in complex regional pain syndromes subsequent to
either systemic alpha blockade (intravenous phentola-
mine test;2 see Chapter 5, Pharmacological diagnostic
tests) or regional sympathetic block. This can be with
repeated local anesthetic blocks, neurolytic sympathetic
blocks, or radiofrequency (Chapter 33, Radiofrequency
lesioning and treatment of chronic pain) or surgical
neurolysis. A common indication for sympathectomy has
been hyperhidrosis. However, this is now recognized as a
significant cause of persistent pain: approximately 10



percent of patients develop postsympathectomy pain after
open or endoscopic sympathectomy for hyperhidrosis.3

Sympathetic afferent and efferent pain impulses are
stopped by brachial plexus, spinal, or epidural local
anesthetic blocks. These effects are exploited with con-
tinuous brachial plexus blocks, obstetric epidurals, and
postoperative epidurals using local anesthetic for the relief
of visceral pain. Visceral sympathetic inhibition increases
gastrointestinal motility after surgery (see Chapter 26,
Epidural analgesia for acute pain after surgery and during
labor, including patient-controlled epidural analgesia). It
is, however, the more specific sympathetic blocks, made
possible by the separation in peripheral anatomy of
sympathetic and somatic nervous structures, which will
be described in this chapter.

Specific sympathetic blockade is possible at the cervi-
cothoracic and lumbar areas as well as at the celiac and
hypogastric sympathetic plexa. Specific interruption of
sympathetic afferent or efferent nerves at these three ver-
tebral areas is possible because the sympathetic ganglia and
plexa are sufficiently anatomically separated from somatic
nerves that it is possible to achieve sympathetic blockade
without blocking sensory or motor functions (Figure 27.1).

Lumbar sympathetic block for rest pain of the legs and
celiac plexus block for abdominal visceral pain from
cancer are two of the most beneficial neural blockade
techniques available.1

Celiac plexus blockade, superior hypogastric plexus
block, and ganglion impar block are described in Chapter
28, Neurolytic blocks.

ANATOMY OF THE SYMPATHETIC NERVOUS
SYSTEM

The peripheral sympathetic nervous system originates in
efferent neurons in the intermediolateral column of the
spinal cord, with preganglionic fibers through the ventral
roots from T1 to L2 leaving the spinal canal as the white
rami communicantes to the sympathetic chain (Figure
27.2). The sympathetic chain lies at the anterolateral
aspect of the vertebral bodies in the cervical region. In the
thorax, it is adjacent to the neck of the ribs, relatively
close to the somatic nerve roots, whereas in the lumbar
region the sympathetic chain again lies anterolateral to
the bodies of the vertebrae and is separated from the
somatic nerve roots by the psoas muscle and psoas fascia.
The preganglionic fibers run a variable distance within the
sympathetic chain to ganglia in the chain up or down
from the segment of the spinal cord where they originate,
or they may pass to peripherally located ganglia in the
gastrointestinal or urogenital tracts (Figure 27.2).

This variable level of relay between the preganglionic
and the postganglionic neurons within the sympathetic
chain is one reason for variable results from an apparently
technically successful block, and also for regeneration of
sympathetic function after a successful sympathetic block
and gradual recurrence of symptoms.

There are three or four cervical sympathetic ganglia, 12
thoracic, four or five lumbar, and four sacral sympathetic
ganglia. There is one coccygeal sympathetic ganglion –
the ganglion impar.

Cervicothoracic ganglia
Brain
Meninges
Eye, ear
Glands
Skin, vessels of head,

neck and upper extremity
Thoracic viscera

Celiac plexus
Gastrointestinal tract
Liver
Parenchymatous organs
Ureters
Colon
Vessels to abdomen

Lumbar ganglia
Urogenital organs
Colon
Rectum
Skin, vessels of the lower extremity

Figure 27.1 Sympathetic nervous system

outlined. Redrawn with permission from

Breivik H, Cousins MJ, Löfström JB, Neural
Blockade in Clinical Anesthesia and
Management of Pain, 3rd edn, Cousins MJ,

Bridenbaugh PO (eds), Lippincott-Raven

Publishers, 1998.
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The postganglionic fibers from the sympathetic gang-
lion cells are widely distributed to join peripheral nerves
via the gray rami communicantes and also to join blood
vessels to various organs.

The sympathetic chain receives efferent preganglionic
fibers from the spinal cord as well as afferent visceral
fibers carrying pain impulses from the extremities, the
head and neck, and the abdominal and pelvic viscera,
including the urogenital system. The carotid arteries,
aorta, and vena cava receive direct postganglionic nerves
from nearby sympathetic ganglia and plexuses (Figure
27.2). Sympathetic nerve fibers may arrive at the vessel
wall from adjacent ganglia, via postganglionic fibers
passing in somatic nerves to the vessels, and post-
ganglionic fibers that pass up or down the sympathetic
chain, or fibers synapsing in the prevertebral plexuses
before they pass to the vessels. All these sympathetic
vascular nerves and filaments meet in extensive perivas-
cular and adventitial sympathetic networks. Local anes-
thetic blockade using perivascular brachial plexus
approaches will inhibit sympathetic nervous functions
very effectively in the upper extremity, a fact exploited

well by continuous brachial plexus block after reimplan-
tation surgery of the extremity.

The roles of the sympathetic nervous system in chronic
pain are described in Chapter 27, Complex regional pain
syndromes in the Chronic Pain volume of this series, and
are reviewed by Breivik et al.1 and Jänig and Stanton-
Hicks.4 A comprehensive review of functions and roles of
the autonomic nervous system in health and disease is
given by Jänig.5

INDICATIONS FOR SYMPATHETIC NEURAL
BLOCKADE

The following clinical conditions may benefit from inter-
ruption of sympathetic efferent and afferent nerves.1, 3, 4, 6

Acute pain

� Acute pancreatitis.
� Renal colic.

Upper lumbar ganglia

Upper thoracic ganglia

Lower thoracic ganglia

White ramus communicans

Brachial
plexus

Cervical
cardiac nerve

Intercostal nerve

Sympathetic
chain

Cervical
ganglia

Internal
carotid nerve

Thoracic
splanchnic nerve

Thoracic sympathetic
cardiac and aortic nerve

Fibers direct
to vessels

Gray ramus
communicansLower lumbar and

sacral ganglia
Sympathetic rami to lumbar and

sacral plexuses and nerves to lower limb

Sympathetic fibers
Preganglionic
Postganglionic

Figure 27.2 Sympathetic nerve supply to blood vessels. Redrawn with permission from Breivik H, Cousins MJ, Löfström JB, Neural
Blockade in Clinical Anesthesia and Management of Pain, 3rd edn, Cousins MJ, Bridenbaugh PO (eds), Lippincott-Raven Publishers,

1998.
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� Cardiac pain.
� Visceral pain from uterine contractions.
� Acute ischemic pain from accidental intra-arterial

injections of irritating drugs such as thiopental
(thiopentone).

� Frostbite.
� Vascular surgery and reimplantation surgery (to

reduce postoperative pain and improve postoperative
blood flow).

� Acute exacerbation of Raynaud’s disease.

Chronic pain

� Obliterative arterial disease causing rest pain in the
lower extremities (when vascular surgery is not
indicated).

� Complex regional pain syndromes (CRPS types I and
II, without (I) or with (II) obvious nervous tissue
injury).4

� Phantom limb pain.
� Central neuropathic pain.
� Chronic pancreatitis.
� Cancer pain from upper abdominal viscera.
� Cancer pain from pelvic viscera.

There is considerable disagreement on whether CRPSs are
indications for sympathetic blockade.4 This was formerly
called reflex sympathetic dystrophy (RSD), but the diag-
nosis was often made without ascertaining whether
sympathetic block relieved the pain.4 Clearly, patients
with a picture of what clinically was called ‘‘reflex sym-
pathetic dystrophy’’ did not always have pain relief after
sympathetic blocks. It is now realized that sympathetically
maintained pain is present in only about one-third of
patients with a clinical presentation of ‘‘reflex sympathetic
dystrophy,’’ now more correctly called complex regional
pain syndrome (CRPS type I or type II, without or with
obvious major nervous tissue damage, respectively).1, 4

Only an intravenous phentolamine test (see Chapter 5,
Pharmacological diagnostic tests) or a specific diagnostic
sympathetic block will indicate with some certainty whether
the patient has a component of sympathetically maintained
pain in the CRPS. Only one in three or one in four CRPS
patients have sympathetically maintained pain.1, 2, 3

Studies on the pain-relieving effects of sympathetic
neural blockade, in which patients with the clinical pre-
sentation of ‘‘RSD’’ or ‘‘CRPS’’ were included without
documenting that they had sympathetically maintained
pain, obviously must have had a low sensitivity: any
beneficial effects on the few patients with sympathetically
maintained pain would have disappeared among the
majority of nonresponding patients included who did not
have sympathetically maintained pain (60–75 percent of
all with CRPS-like pain conditions). Such studies will
have a high risk of false-negative results. Unfortunately,
negative publications of ‘‘randomized controlled trials’’
with such obvious flaws have created a conviction among

many that blockade of sympathetic nerves is obsolete
treatment.7 Experienced clinicians continue to carry out
these blocks because we have seen otherwise intractable
patients in whom repeated sympathetic blocks give
significant relief.1, 6, 8, 9, 10, 11

However, long-standing CRPS with a component of
sympathetically maintained pain do not often have long-
lasting pain relief after sympathethic blockades alone.
Clearly, long-standing CRPS most often has developed into
a biopsychosocial complex. Sympathetic blocks can only be
a part of the management of these complex patients. Some
patients who initially had good pain relief with sympathetic
blockade gradually, after several years, lost their component
of sympathetically maintained pain.8

It is worrisome that sympathectomy by radiofrequency
destruction, or by surgical removal of parts of the sym-
pathetic chain, can produce new neuropathic pain pro-
blems in some unfortunate patients.3, 6 This does not
happen after sympathetic blockade performed with tra-
ditional local anesthetic drugs, nor after regional intra-
venous guanethidine sympathetic blockade (Figure 27.3).

TESTING FOR COMPLETENESS OF
SYMPATHETIC BLOCKADE

In patients with a reasonably healthy vascular system, a
clear-cut, objective, easily documented peripheral vaso-
dilatation occurs after a sympathetic block. An increase in
skin temperature of several centigrades can be felt and
measured.

TESTS OF SYMPATHETIC FUNCTION, BLOOD
FLOW, AND PAIN

Sympathetic function

� Skin conductance response.
� Sweat test.
� Skin plethysmography and ice response.1

Blood flow

� Plethysmography.
� Laser Doppler flowmeter.
� Pulse wave changes.
� Temperature.

Pain

� Subjective pain intensity score (numeric rating scale
(NRS), visual analog scale (VAS), verbal categorical
scale (VRS)).

� Subjective pain relief score.
� Analgesic drug consumption.
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Function

Improved functions that were inhibited by pain (e.g.
claudication distance).

Skin temperature measurements

These can be carried out quite simply and reliably in
clinical practice by measuring skin temperature with a
thermocouple probe and a telethermometer. Reliable

results are obtained by measuring the distal part of the
extremity at ten different points (below each toe, in the
middle of the sole, on the dorsum pedis; or similar points
on the upper extremity) on each side.

At an appropriate time after the block has been per-
formed (at least 30 minutes), expose both extremities to
cold air. This will cause the temperature to drop on the
unblocked side and remain unchanged or increase up to
several degrees, depending on the state of the vessels of
the patient, on the blocked side.

Skin conductance response and skin potential
response

These two tests are reasonably reliable, they require some
special equipment, and the results depend on the degree
of arousal of the central nervous system. Sedation, drugs
that alter sympathetic activity, anticholinergic drugs, and
steroids all interfere with these tests.1

Pain assessment

Whenever the indication for sympathetic block is acute or
chronic pain, a VAS or NRS of present pain intensity
should be used before and after the block, as well as a
categorical scale of pain relief.

Duration of any pain relief, and its effects on functions
that have been inhibited by the pain, must be docu-
mented in a pain diary.

Contraindications

Patients with an increased bleeding tendency and those
who are anticoagulated cannot have any of the major
sympathetic blocks performed. The risk of deep-sited
bleeding, which cannot be stopped by compression, is
significant. For these patients, intravenous regional sym-
pathetic block with guanethidine, where available, may be
an alternative to sympathetic blocks of the sympathetic
chain.

Bilateral sympathetic blocks should not be performed
on the same day because of the risk of orthostatic
hypotension (lumbar blocks) and airway problems and
bilateral pneumothorax (stellate ganglion blocks). Bilat-
eral lumbar sympathetic block may cause loss of
ejaculation.

Sympathetic blockade with local anesthetic
drugs

For diagnostic and prognostic sympathetic blocks, lido-
caine, mepivacaine, bupivacaine, or ropivacaine can all be
used. Carrying out a double-blind block with either a

Noradrenergic
neuron

Cell body
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Varicosity

Granular
vesicle

Effector
cell
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Tyrosine
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Figure 27.3 Sympathetic nerve endings and receptors.

Norepinephrine (NE, noradrenaline) is released as the transmitter

substance on depolarization of the presynaptic neuron. This is

inhibited by local anesthetic blocking drugs. Reuptake of NE

back into the presynaptic nerve terminals is blocked for several

days by guanethidine. MAO, monoamine oxidase. Redrawn with

permission from Breivik H, Cousins MJ, Löfström JB, Neural
Blockade in Clinical Anesthesia and Management of Pain, 3rd
edn, Cousins MJ, Bridenbaugh PO (eds), Lippincott-Raven

Publishers, 1998.
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short-acting or a long-acting local anesthetic may
help to evaluate any placebo effect in the response to the
block.

Mepivacaine and lidocaine should have a sympathetic
block duration of 1.5–3 hours, bupivacaine and ropiva-
caine 3–10 hours.1

A double-blind, true placebo-controlled block is
usually not feasible. However, Tenicela and coworkers12

performed a saline-controlled trial of stellate ganglion
blocks for herpes zoster of the trigeminal nerve, providing
evidence for a prophylactic effect on postherpetic neur-
algia. For a review of effects of sympathetic blockades
with local anesthetic drugs, see Cepeda et al.13

Image intensifier and contrast enhancement
for verification of location of blocking solution

For those who have radiographic image intensifier facilities
to visualize the procedure, the local anesthetic should be
mixed with a small amount of iohexol (OmnipaqueTM).1

Imaging is essential when neurolytic blocks are used.

For neurolytic blocks

� Phenol 6 percent (60mg/ml) in water or dissolved in
Omnipaque.

� Ethanol 50–100 percent may be used for celiac plexus
block.

Major complications due to neurolytic sympathetic
blocks:

� For the sympathetic ganglion chain (cervical or
lumbar), ethanol carries a risk of inducing new
neuropathic pain.1, 6 Phenol is a little safer in this
respect.

� One can never completely eliminate the risk of
injecting into the wall or lumen of a radicular artery
supplying the spinal cord, or injection into a
peripheral epidural sleeve. The risk is lower in the
cervical and lumbar segments than in the thoracic
segments, but it is never zero. These accidents result
in permanent, major neurological sequelae.

STELLATE GANGLION BLOCK

The cervicothoracic sympathetic chain is located in the
space between the fascia overlying the prevertebral
muscles and the carotid sheath (Figure 27.4).

The sympathetic preganglionic fibers supplying the
head, neck, and the upper extremities emerge from the
spinal cord segments T1–T6. They converge and pass to
the cervicothoracic sympathetic chain of ganglia, the
upper thoracic and lower cervical ganglion in front of the

neck of the first rib forming the stellate ganglion.
Immediately below the stellate ganglion lies the cupula of
the pleura, and directly posterior to the stellate ganglion
lies the vertebral artery. The intermediate cervical gang-
lion lies in front of the medial part of the transverse
process of C7, the middle cervical ganglion on the medial
part of the transverse process of C5. The superior cervical
ganglion is at the level of C2–C3.

The safe approach to the cervicothoracic sympathetic
chain of ganglia is to aim for the transverse process of C6
(Chassaignac’s tubercle) and inject a sufficient volume of
the local anesthetic solution, with radio-opaque
contrast medium added if a radiographic record of the
spread is desired. Aiming directly toward the stellate
ganglion risks causing pneumothorax or even injuring
the vertebral artery. Injection into the vertebral artery
results in major grand mal seizures as an immediate
consequence.

Technique of cervicothoracic sympathetic
ganglion (stellate ganglion) block

With the patient supine, head resting on a thin pillow the
following procedure is undertaken.

� The neck should be slightly extended at the atlanto-
occipital joint. This stretches the esophagus and
moves it away from the needle path.

� Slightly opening the mouth relaxes some neck
muscles.

� The carotid pulse is palpated lateral to the
trachea at the level of the cricoid cartilage.
The artery and sternocleidomastoideus
muscle are gently moved laterally and the
resistance of the prominent transverse
process of C6 (Chassaignac’s tubercle) is felt and
placed between the index and the ring finger on the
left hand.

� A fine needle (25 gauge) on a 20-mL syringe filled
with the chosen local anesthetic solution (plus
radiographic contrast medium if desired) is gently
advanced toward the Chassaignac’s tubercle.

� When bone is met, the needle is retracted slightly
(approximately 2mm); the needle and syringe are
fixed with the left hand.

� Aspiration is performed and a small test dose of
approximately 0.5mL is injected while the patient’s
face is continuously monitored by the
anesthesiologist performing the block, preferably
maintaining eye contact with the patient.

� Another 0.5-mL test dose is injected slowly,
and may be repeated three times at about ten-second
intervals.

� When no reaction occurs, slightly larger injections
are performed repeatedly, until the desired volume
(up to 20mL) has been injected.
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� The patient is then helped into a sitting position so
that the injected local anesthetic solution may
gravitate downwards toward the stellate ganglion.

� The patient will usually feel a ‘‘lump in the throat’’
and should be warned in advance that the voice may
become hoarse.

An alternative technique is a two-operator technique,
with one operator concentrating on placing the needle
correctly in front of Chassaignac’s tubercle while the other
aspirates and injects the solution via an extension tube.
The author would recommend a one-operator technique
as the safest, but it requires more manual dexterity.
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Figure 27.4 Cervicothoracic sympathetic ganglion chain. Prevertebral muscles (1). The middle cervical ganglion (2). The ganglion

stellatum (3) is located on the neck of the first rib (6–8), extending up to the transverse process of C7. At this level, the vertebral

artery is lateral and anterior to the ganglion; at the C7 level, the artery has dived posteriorly, safely into the foramen

intertransversarium. The top of the pleura (9) is also well below the transverse process of C6 (Chassaignac’s tubercle). Anterior (4) and

middle (5) scalene muscles (see text). Redrawn with permission from Breivik H, Cousins MJ, Löfström JB, Neural Blockade in Clinical
Anesthesia and Management of Pain, 3rd edn, Cousins MJ, Bridenbaugh PO (eds), Lippincott-Raven Publishers, 1998.
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Signs of cervicothoracic sympathetic ganglion
block

Within seconds to a couple of minutes, the patient feels
the eyelid drooping and:

� ptosis can be observed;
� miosis (a shrinking pupil) develops;
� sinking of the eyeball (enophthalmos) develops.

These signs and dry, warm, pinkish skin on the
blocked side of the face are the signs of Horner syndrome.
The patient experiences a feeling of a blocked nose
because of swelling of the nasal mucosa from vasodila-
tation, and the conjunctiva becomes reddish from
vasodilatation.

The temperature of the hand and fingers should be
measured, with cold exposure if possible to accentuate the
skin temperature differences between the blocked and
unblocked side (see above under Skin temperature
measurements).

Horner syndrome alone does not confirm a sympa-
thetic block of the upper extremity. Increased temperature
and a warm and dry skin of the palm on the blocked side
are indications that the sympathetic fibers to the upper
extremity are blocked.

Complications

LIFE-THREATENING COMPLICATIONS

A stellate ganglion block is a simple block to learn
and to perform (unless the patient has a short and obese
neck). However, unintentional intra-arterial (vertebral
artery or carotid artery) and intrathecal injections
are easily done and are dangerous. The practitioner
must therefore be prepared to treat such compli-
cations immediately. No one should attempt a stellate
ganglion block without studying the anatomy
closely, and this block should never be performed by
anyone who is not experienced in resuscitation techni-
ques. Injection of even a 0.5- to 1-mL volume directly
into the vertebral artery will cause immediate grand
mal seizures, leading to a situation which is dramatic
and difficult to treat. The seizures may last for many
minutes.

Clearly, stellate ganglion blockade should not be
performed without having an intravenous catheter in
place, together with drugs and resuscitation equipment
immediately available for the treatment of such
complications.

An intrathecal injection into a dural sleeve will cause
more gradual onset of a high spinal anesthetic block, with
respiratory muscle paralysis and hypotension. Again,
expert anesthesiologic resuscitation skills, drugs, and
equipment must be at hand.

LESS DRAMATIC ADVERSE EFFECTS

� Local anesthetic block of the recurrent
laryngeal nerve causes temporary vocal cord
paralysis, hoarseness, and a feeling of a
lump in the throat. This can be unpleasant
but is not dangerous, however, bilateral stellate
ganglion blocks should not be performed for this
reason.

� Some patients experience Horner syndrome as
unpleasant. Eye drops with phenylephrine will reduce
the pupillary changes as well as the enophthalmos
and the red eye.

� A cervical hematoma may occur, but is usually not
dramatic unless the patient is anticoagulated or has
another reason for increased bleeding (which are
contraindications for this block).

� Some patients have a feeling of paresthesiae along the
chest wall and on the inside of the upper arm. This
is transient.

� The brachial plexus may be blocked, in which case
the patient does not have an isolated sympathetic
block and the diagnostic value of the block is
unreliable.

� Phrenic nerve block may occur; this is one reason
why bilateral blocks should not be performed and
care should be taken in patients with chronic
obstructive lung disease.

� Pneumothorax may occur, another reason why
bilateral stellate ganglion block should never be
performed.

Neurolytic stellate ganglion block

Phenol 6 percent (60mg/mL) in water or x-ray contrast
medium, in a volume of 2mL in front of the trans-
verse process of C6, will cause incomplete cervicothoracic
sympathetic block. This block may cause a persistent
Horner syndrome, and if sympathetic blockade of
the upper extremity is intended, the results are not
reliable.

THORACIC SYMPATHETIC BLOCK

The chain of sympathetic ganglia in the thoracic region is
located close to the neck of the ribs and quite close to the
somatic nerve roots and their epidural sleeves (Figure
27.5). This is different from the cervical region, where the
sympathetic ganglia are separated from the somatic roots
by the longus colli and the anterior scalene muscles, and it
is also different from the lumbar region, where the psoas
major muscle separates the sympathetic ganglia from the
somatic nerve roots. The close proximity to the pleura is a
concern.
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Indications

In order to obtain complete interruption of the sympa-
thetic outflow to the upper extremity, the upper thoracic
ganglia (down to T6) must be blocked. Because of the risk
of damaging somatic nerve roots and the risk of intra-
thecal injections, blind (or even image intensifier) tech-
niques using neurolytic agents have now generally been
replaced by thoracoscopic techniques and radiofrequency
denervation.1

Pain from coronary circulatory insufficiency can be
treated with continuous stellate ganglion and upper
thoracic sympathetic ganglion blocks. Even for these
indications thoracic sympathetic block has been replaced
by alternative techniques, such as epidural spinal cord
stimulation and epidural or intrathecal local anesthetic
and opioid drug infusions.

Technique

A needle enters the skin approximately 3 cm from the
midline of the upper thoracic spinous processes and is
advanced medially toward the vertebral body. A super-
ficial contact with bone means that the rib has been hit,
and the needle will have to be placed a little higher or
lower to enter the intercostal space and advanced toward
the body of the vertebra in the paravertebral space. At this
point, 2mL of a local anesthetic is deposited approxi-
mately 1 cm behind the crest of the vertebral body. A
warm, dry hand indicates correct siting of the injection.
Formerly, 6 percent (60mg/mL) aqueous phenol (2mL)
or a similar amount of phenol dissolved in Omnipaques
was occasionally employed for neurolytic blocks, but the
risks of neurological complications are considerable (see
above).
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Figure 27.5 Thoracic sympathetic ganglia are lying close to spinal nerve roots and their dural sleeves. The pleura is very close

anteriorly. The needle is positioned correctly for a thoracic sympathetic ganglion block, but proximity to these structures means that

this block has a high risk of complications (see text). Redrawn with permission from Breivik H, Cousins MJ, Löfström JB, Neural
Blockade in Clinical Anesthesia and Management of Pain, 3rd edn, Cousins MJ, Bridenbaugh PO (eds), Lippincott-Raven Publishers,

1998.
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Complications

Somatic nerve root injury and spinal cord damage from
intrathecal (or injection into a radicular artery gong to
the anterior spinal artery) injections of neurolytic solu-
tions, as well as pneumothorax, are high-risk complica-
tions of specific thoracic sympathetic chain blockade.

LUMBAR SYMPATHETIC BLOCK

The ganglia of the sympathetic chain lie close to the
anterior part of the lateral side of the lumbar vertebral
bodies, being separated from the somatic nerves by the
psoas fascia and the psoas muscle (Figure 27.6). One
injection of approximately 20mL of local anesthetic
solution at the level of L2 or L3 in the correct fascial plane
will spread upwards and downwards and achieve an
adequate longitudinal spread for a complete sympathetic
block of the lower extremity. For diagnostic and prog-
nostic blocks, this may be a sufficiently precise technique;
however, if neurolytic agents, such as phenol, are used,
separate needles at levels L2, L3, and L4 are required.

Technique of lumbar sympathetic block

The spinous processes of L1 and L4 should be marked as
reference points: L1 is at the level where the 12th ribs
meet the lateral sides of the erector spina muscles. The L4
spinous process is at the level of the posterior superior
iliac crests (Figure 27.7).

� A 12-cm-long, 20- to 22-gauge needle is introduced
8–10 cm lateral to the middle of the spinous process
of L4 and another one at L2.

� Place a marker (piece of rubber or plastic) on the
needle before entering the skin. The needle is then

advanced medially towards the body of the vertebrae
(of L2 and L4).

� If bone is met after about 4–5 cm from the skin, this
will be the transverse process. The transverse process
is approximately half the distance from the skin to
the depth of the sympathetic chain on the
anterolateral part of the vertebral body.

� If the transverse process is used as a marker of depth,
the rubber marker should be placed (after
withdrawing the needle to the subcutaneous tissue)
about twice the distance from the tip of the needle
(about 10 cm from the tip of the needle).

� Redirect the needle in a cranial or caudad direction
to avoid the transverse process, and advance until
contact with bone is made again.

� Withdraw the needle to the subcutaneous tissue (to
avoid bending the needle) before changing direction
to advance it to the depth of the rubber marker, or
until the needle tip slides off the anterolateral part of
the vertebral body.

� In thin patients with less back muscle tissue, the
distance is less than 10 cm; in bigger patients with
more back muscle tissue, the distance is more than
10 cm from the skin.

� The correct position of the needle tip is indicated by a
loss-of-resistance as the needle penetrates the psoas
fascia.

� If the needle at L2 is placed first, the second needle at
L4 will usually have to be introduced slightly deeper.

� Aspiration for blood and cerebrospinal fluid (CSF)
before a test dose.

� Resistance to injection means that the needle is in a
wrong place, for example the wall of the aorta or
vena cava, an abdominal viscus, or inside an
intervertebral disk.

� Radiographic confirmation with a local anesthetic
mixed with a contrast medium allows verification of
the correct needle tip position.14
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Figure 27.6 Lumbar sympathetic block of
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Löfström JB, Neural Blockade in Clinical
Anesthesia and Management of Pain, 3rd edn,
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Dose of local anesthetic

If the indication for the block is to relieve visceral pain, such
as renal colic, 20–30mL of bupivacaine 2.5mg/mL (0.25
percent) at L2 will eradicate the pain. If the indication for
the block is to evaluate or prognosticate the effect of a
possible neurolytic block, then 5mL of a local anesthetic
mixed with contrast medium is injected at L2 and at L4.

Continuous lumbar sympathetic blockade

This is possible by placing an 18-gauge long epidural needle
at L2 and one at L4, positioning a catheter through each
needle and injecting bupivacaine 2.5mg/mL 5mL in each
catheter every six hours for up to several days. However, the
catheters tend to shift with vertebral body movement.
Verification of the position of the catheters is needed (with
radiographic contrast) if the block becomes less effective.

Single needle injection technique

The tip of the 12th rib indicates the lower border of L2. A
needle is placed 2–3 cm below and medial to the tip of the

12th rib and directed medially until the vertebral body of
L3 is encountered at a depth of approximately 10 cm.
Sufficient solution (15–25mL) with radiographic contrast
medium is added, and image intensifier control will
indicate whether the most important ganglia of L2, L3,
and L4 are covered by the solution.15

Neurolytic blocks of the lumbar sympathetic
ganglia

When vascular surgeons refer patients who cannot be
helped by vascular surgery for neurolytic lumber sym-
pathectomy, the indications are usually severe ischemic
rest pain, an ulcer that does not heal, or the desire to
obtain a demarcation between viable and nonviable tissue
before leg amputation. These patients are usually quite ill,
have a high incidence of ischemic heart disease, and often
have chronic pulmonary disease, diabetes mellitus with
complications, and other ailments of old age. There is less
risk with a neurolytic sympathectomy, or radiofrequency
neurolysis (see Chapter 33, Radiofrequency lesioning and
treatment of chronic pain) than with surgical sym-
pathectomy, which hardly will be tolerated by such ill
patients.1
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Figure 27.7 Lumbar sympathetic ganglion block. Redrawn with permission from Breivik H, Cousins MJ, Löfström JB, Neural Blockade
in Clinical Anesthesia and Management of Pain, 3rd edn, Cousins MJ, Bridenbaugh PO (eds), Lippincott-Raven Publishers, 1998.
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Agents for lumbar sympathetic blocks

Phenol 6 percent (60mg/mL) in water, or up to 10 per-
cent phenol in iohexol (Omnipaque) when an image
intensifier is available.

Technique

� With the image intensifier1 or biplanar image
intensifier, lateral and anteroposterior views are
obtained, tilting the patient ventrally and dorsally to
thoroughly check the position of the needle.

� A 1-mL test dose of local anesthetic followed by 0.5-
mL boluses (up to 3–4mL of the phenol-containing
contrast medium) with image intensifier verification
of correct positioning is injected.

� The injected neurolytic solution with radiographic
contrast should cover each level (L2, L3, and L4) in
the correct anterolateral position.1

� Before withdrawing the needles, 0.5mL of a local
anesthetic is injected through the needle to avoid
leaving neurolytic solution on somatic nerve roots or
spinal nerves during the removal of the needle.

� The patient should remain on their side for
approximately five minutes to prevent the solution
from spreading laterally.

� The patient remains supine for 30–60 minutes while
the skin temperature of the lower extremities, blood
pressure, and heart rate are monitored.

� After about one hour, the patient is mobilized slowly
and blood pressure is checked for orthostatic
hypotension.

� Most patients are able to leave the pain clinic after a
few hours. Unstable elderly patients should be
monitored as inpatients for at least 24 hours after
the block.

� The block can be repeated on the other side after a
day, depending on the reaction to the first block.

Complications

Provided needle placement is executed carefully and
verified by a local anesthetic test dose and/or radiographic
contrast with image intensifier, complications are infre-
quent. However, injection of local anesthetic or neurolytic
drugs into the cerebrospinal fluid, adjacent to spinal nerve
roots or spinal nerves, and intravascularly is always
possible.

� Transient postsympathectomy neuropathic pain
occurs in up to 50 percent of patients in the
anterolateral proximal part of the lower extremity.

� Neurolytic agents may reach the genitofemoral
nerve (Figure 27.8). Genitofemoral neuralgia is
infrequent when phenol is employed (5–10 percent),

and in most cases it is transient. However, when
alcohol is used, more severe and protracted
pain in the groin from genitofemoral ethanol neuritis
occurs.

� The ureter may be damaged by phenol or alcohol.
� If bilateral upper level lumbar sympathectomy is

performed, ejaculatory failure may follow.
� Postsympathectomy hyperesthesia (allodynia), most

frequently occurring in the L1 dermatomal area, may
be due to genitofemoral nerve damage from a
neurolytic agent, but it may also result from a
postsympathectomy denervation hyperesthesia. This
occurs more frequently in younger patients having
surgical sympathectomy for hyperhidrosis than with
phenol sympathetic blocks. This neuropathic-type
pain persists after cervicodorsal and lumbar surgical
sympathectomy (also radiofrequency ablation) in
10–15 percent of patients.3 Hyperesthetic burning
discomfort in the groin and anterolateral part of the
thigh may persist for two to five weeks after phenol
sympathetic blocks.16

INTRAVENOUS REGIONAL SYMPATHETIC
BLOCK

A technique that provides a simple and efficient means of
producing long-term sympathetic blockade was described
by Hannington-Kiff using guanethidine (Ismelines) in
an intravenous regional sympathetic functional block.17

Its value has been reconfirmed by several pain clinicians
and clinical neurophysiologists.1, 2, 8, 9, 10, 18, 19, 20, 21, 22

Unfortunately, a ‘‘randomized controlled trial’’ with
three major flaws has been influential in weakening the
reputation and widespread use of this valuable techni-
que.7 That study included a group of patients with ‘‘reflex
sympathetic dystrophy’’ without documented sympathe-
tically maintained pain. In such a group of pain patients,
any positive effect of sympathetic blockade will disappear
among confounding factors.

The second flaw in such studies has been diluting the
guanethidine with a local anesthetic solution. The local
anesthetic inhibits the release of norepinephrine (nora-
drenaline) from the sympathetic nerve endings. The
sympathetic functional blocking effect of guanethidine
occurs as a result of inhibition of reuptake of released
norepinephrine back into the sympathetic nerve endings
(Figure 27.3). The presence of a local anesthetic will
therefore markedly reduce or prevent the effect of
guanethidine.

Even a third flaw is possible in studies dissolving the
guanethidine in a local anesthetic solution. The systemic,
central nervous system, effects of lidocaine (and other
sodium channel-blocking local anesthetic drugs) on neu-
ropathic pain are well documented. When guanethidine
dissolved in a lidocaine solution was compared with a
lidocaine solution as ‘‘placebo,’’ this ‘‘placebo-treatment’’
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was effective therapy for neuropathic pain in about one-
third of patients. No wonder there was no demonstrable
difference between guanethidine in lidocaine and lidocaine
alone.

Unfortunately, such flawed publications seem to have
led to the unavailability of guanethidine for sympathetic
blocks in some countries. Fortunately, it is still available
in western Europe. Alternatives to guanethidine for i.v.
regional sympathetic blocks (e.g. bretyllium, phentola-
mine, clonidine) do not seem to result in prolonged
functional sympathetic blockades.

Duration of guanethidine sympathetic
functional block

Compared with stellate ganglion block with lidocaine,
which results in vasodilatation lasting for about one hour,
a regional intravenous sympathetic block with guanethi-
dine increases the temperature of the cold extremity for as
long as three days after block.20

Arnér2 showed that intravenous phentolamine predicts
the long-term effect of regional intravenous sympathetic
block with guanethidine. Olsson et al.9 documented the
excellent, often curative, clinical effect on complex
regional pain syndrome in adolescents.

Regional intravenous sympathetic block with
guanethidine

This is less stressful than the alternative techniques, which
are more invasive and carry more risks. Anticoagulation or
bleeding disorders are not contraindications to a regional
intravenous sympathetic block. The technique should
therefore still be available as it remains a valuable alternative
in pain clinics treating patients with complex regional pain
syndromes, where sympathetically maintained pain is a
component of the patients’ pain condition.10, 21

Technique of regional intravenous block

� Normal saline should be used to dilute 10mg of
guanethidine (10mg for the first block, up to 30mg
for repeat blocks).

� Approximately 25mL of normal saline is used for the
upper limb and approximately 40mL for the lower
limb.

� An intravenous cannula is placed in the affected
limb, as close to the painful area as possible.

� A second cannula is placed in a vein on a
nonaffected limb for analgesia and sedation if needed
during the procedure.
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� It is important not to use a local anesthetic to dilute
the guanethidine (see above under Intravenous
regional sympathetic block).

� A wide cuff of appropriate size is placed around the
upper arm or thigh, the extremity lifted to drain as
much venous and capillary blood as possible.

� The cuff is then inflated to approximately 50mmHg
above systolic blood pressure.

� The diluted guanethidine is injected intravenously in
the affected limb, keeping the cuff inflated for a
minimum of 20 minutes.

� It is often necessary to give the patient intravenous
opioid with rapid onset (e.g. alfentanil), in titrated
doses to make the patient comfortable during the
procedure.

� When the blood pressure cuff is released and circulation
reestablished in the treated extremity, norepinephrine
released from sympathetic nerve endings by
guanethidine will flood into the systemic circulation.
– This creates a transient increase in blood pressure

and heart rate.
– During the block procedure, soon after injection

of the guanethidine solution, the patient’s
sympathetically maintained painful sensation will
often increase because of the same mechanism of
norepinephrine release.

– This should be treated with intravenous rapidly
acting opioid rather than injecting a local
anesthetic with the guanethidine, which may
reduce or prevent the beneficial effect of the
guanethidine (see above under Intravenous
regional sympathetic block).

Adverse effects

� Some patients will have a stuffy nose due to the syste-
mic distribution of guanethidine after release of the
cuff.

� Occasionally, orthostatic hypotension occurs during
the first one to two days after an intravenous
regional sympathetic guanethidine block. Patients
should be warned to take proper precautions, such as
getting out of bed slowly, sit or lie down when dizzy.

� Patients with paroxysmal atrial cardiac arrhythmias
may occasionally have an episode of cardiac
arrhythmia precipitated by the guanethidine, when
norepinephrine released from the sympathetic nerve
endings circulates after release of the tourniquet. A
betablocker may be given to prevent this side effect in
patients with a history of such cardiac dysrythmias.

CONCLUSIONS

Sympathetic efferent fibers are involved in nociception
and transmission of pain impulses. After injury or

infection, sympathetic efferent nerve impulses can modify
functions of afferent sensory nerves causing sympatheti-
cally maintained pain. Probably less than one-third of
complex neuropathic pain conditions have a sympathe-
tically maintained pain component.

The anatomy of the autonomic nervous system allows
specific blocks of sympathetic outflow so that sym-
pathetically maintained pain can be diagnosed and trea-
ted specifically. Selective sympathetic blocks of the upper
and lower extremities can be performed effectively with
low risk of complications, using local anesthetic drugs.
Guanethidine intravenous regional block causes a
functional interference of sympathetic noradrenergic
transmission for a few days. In selected patients with
sympathetically maintained pain as a significant part of
their chronic pain condition, such reversible sympathetic
blocks can give significant pain relief.

The evidence-base for long-term effects of sympathetic
blocks on chronic complex pain conditions is limited:
negative studies are often flawed by not selecting patients
with proven sympathetically maintained pain, whereas
the reported long-term positive outcomes in the hands of
experts is considered weak evidence.
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KEY LEARNING POINTS

� Chemical neurolysis is primarily reserved for the

management of difficult cancer pain problems.
� The patient must be made aware of the frequency of

risks and benefits to ensure that a balanced, informed

consent is obtained.
� Careful patient selection and appropriate timing of

intervention is critical for best outcome.
� Intrathecal neurolysis is ideal for intense pain in one to

two dermatomes, which is not well controlled by oral or

parenteral medication.

� Neurolysis of the celiac plexus can provide excellent

pain relief in pain due to carcinoma of upper abdominal

viscera.
� Use of the smallest volume of neurolytic, targeted as

accurately as possible, provides the best results with

the lowest rates of complication.
� The use of contrast media with radiological imaging is

essential for all but peripheral injection of neurolytics.
� Chemical neurolysis is not appropriate for the

occasional practitioner.

INTRODUCTION

Procedures directed towards nerve destruction have been
in use for the management of pain for many decades.
These have included physical destruction, such as the
application of thermal devices, cutting nerves, and the
application of neurolytic substances. The aim of this
chapter is to explore the indications and techniques of
injecting neurolytics, such as phenol or alcohol in close
proximity to nerves, as well as the potential hazards
associated with this practice.

The most frequently used agents are aqueous phenol (7
percent) or phenol (5 percent) in glycerol preparation,
alcohol (ethanol, 96 percent) or pure glycerol. Maher1

recommended phenol in glycerol for intrathecal neuro-
lysis, and although he advocated the use of chlorocresol
or silver nitrate, in cases refractory to phenol, this is no
longer considered safe practice.2

Phenol is considered to have its action through protein
coagulation.3 The addition of glycerol to phenol, to ren-
der it a hyperbaric solution for intrathecal use, is thought
to delay the release of phenol and render it less destructive
than the aqueous preparation.4 The neurolytic action of
alcohol is considered to be due to lipid extraction and
protein precipitation within the nerve.5 These agents
cause both motor and sensory nerve destruction, and
their use can be hazardous, especially when administered
intrathecally. Both agents can cause a neuralgia after



administration, this being more common following the
peripheral administration of alcohol.6, 7 Toxic levels of
phenol associated with cardiac failure can occur when
more than 600mg/70 kg is administered.8 Pure glycerol
tends only to be used within the cerebrospinal fluid
(CSF), as described below under Trigeminal ganglion, as
intraneural injection of this hypertonic solution will result
in neurolysis similar to that seen following injection of 7
percent aqueous phenol.9

Neurolytic procedures tend to be reserved for patients
who suffer from cancer pain where opioid administration
has failed to be effective.10 In these situations, patient
selection is critical, as is the timing of the procedure.11

Both intrathecal neurolysis and celiac plexus blocks may
only provide pain relief for a few months, partly due to
some nociceptive pathway recovery and extension of the
disease.12, 13 Even if neurolysis is technically successful,
other sites of less intense pain may be unmasked and
found to become a new major problem, such as muscle or
joint pain.

A practical point to consider is that a syringe which
locks (Luer lock) on to the needle for injection is advised,
as disconnection can occur, resulting in uncontrolled
ejection of neurolytic solution. Those in close vicinity to
the procedure should therefore wear eye protection.

Some of the patients requiring neurolysis may be using
anticoagulants. The risk of stopping this therapy prior to
neurolysis must be taken into consideration. In some
cases, stopping an anticoagulant even for a few days could
be disastrous, yet this must be balanced against the risk of
hematoma formation – especially if adjacent to the spinal
cord.

PERIPHERAL

There is the potential to block the source of any noci-
ception, but this should not be at the expense of motor
blockade. Nerves with a mixed motor and sensory func-
tion should be avoided and especially any large somatic
nerve plexus where such a mix is likely to be present.

Indications

Peripheral neurolytic blocks tend to have a limited value.
They only provide analgesia for several months, but the
resulting anesthesia can be permanent, generally render-
ing them unsuitable for the management of chronic
nonmalignant pain. Pain from locally invasive facial
cancers and areas of intense local pain, supplied by a
clearly defined sensory nerve (such as an isolated patho-
logical rib fracture) may be effectively managed by per-
ipheral neurolysis. Large areas of pain may be difficult to
control with peripheral neurolytic blockade, as there may
well be more than a single nerve supplying the area.

A detailed discussion with the patient is necessary, to
convey what one is attempting to achieve, together with
potential hazards that may occur, i.e. informed consent,
preferably written. A peripheral nerve block with local
anesthetic prior to neurolysis may permit the patient to
experience the type of sensation that is likely to occur in
the long term, as well as helping the clinician to
confirm that the appropriate nerve is blocked. However,
the result of a neurolytic block is only similar (not
identical) to blockade with local anesthetic, i.e. often the
perceived paresthesia has a different quality following
neurolysis.

The procedure is carried out using an aseptic techni-
que, and the nerve located as in Chapter 23, Peripheral
nerve blocks: practical aspects. A sound knowledge of
surface anatomy is necessary, and one should be aware of
any important structures adjacent to the nerve to be
blocked, such as pleura or major blood vessels. The use of
a peripheral nerve stimulator may be valuable for more
precise nerve identification, especially if the nerve to be
blocked is deeper than a few centimeters or not close to
bony landmarks. The dose of neurolytic to be injected
should be kept to a minimum (generally less than 1mL)
to limit local tissue destruction and ulceration. The
aqueous formulation of phenol is the most destructive.
Phenol injection tends to be painless, followed by
warmth, pain relief, and paresthesia. The ultimate
effect of the block cannot be truly evaluated for a further
48 hours.14 Peripheral nerve blockade using alcohol
generates an immediate burning paresthesia which
increases in intensity over ten minutes and gradually
fades over several hours, followed by pain relief over 24
hours. The peripheral use of alcohol (96 percent) now
tends to be restricted to the management of trigeminal
neuralgia, since its use can be associated with peripheral
neuritis.

Technique

� Obtain informed written consent.
� Position the patient comfortably.
� Identify landmarks as appropriate.
� Cleanse the skin.
� A 23-gauge needle, is inserted to reach the nerve.
� Paresthesia should be established, before attempting

injection.
� Attach a 1-mL Luer-lock syringe containing either

pure alcohol or 7 percent aqueous phenol.
� Inject a 0.1-mL aliquot – this should result in a

burning or warm sensation, this is followed by
paresthesia in the distribution of nerve to be blocked.

� Continue with further aliquots up to1mL – until
pain relief is obtained. Whilst holding the needle
stationary, replace the syringe with a clean one, and
inject air to clear the needle of neurolytic, before
needle removal. (This is to clear the needle of
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neurolytic and prevent a phenol track to the skin
surface, where skin sloughing may occur, or in the
case of alcohol, a painful neuritis of superficial
nerves.)

Complications

The following complications should be considered:

� neuritis resulting from incomplete blockade;
� skin ulceration which results when the injectate is

too close to the skin surface;
� deep tissue necrosis and possible abscess formation,

if more than 1mL of injectate is used;
� other complications as outlined in Chapter 23,

Peripheral nerve blocks: practical aspects, specific to
the nerve block carried out.

NEURAXIAL

Neuraxial neurolysis is indicated if nerve root blockade is
required. It is segmental and usually unilateral in effect,
obtunding nociceptive conduction. If the lesions are
adjacent to the ventral roots, ventral root damage may
occur, resulting in motor dysfunction. Lesioning is
therefore intended for intense, somatic pain, which is
unlikely to extend outside one to two dermatomes in a
patient with a life expectancy of six months or less. Repeat
blockade may therefore be necessary in three or four
months, if the block becomes ineffective or the area of
pain extends beyond the segments blocked.7, 13 The pro-
cedure tends to be less effective in cases where the pain
has been present for many weeks.14 There is a narrow
risk–benefit ratio associated with neurolytic neuraxial
blockade, and it is inappropriate for the occasional
practitioner. Typically, this procedure is used for trunk or
limb pain, due to bone metastasis adjacent to a nerve
root. Neuraxial blockade is unsuitable for visceral pain,
but other forms of neurolysis may be effective (see below
under Celiac plexus).

As with all of the blocks described in this chapter,
neuraxial neurolysis should not be considered as an iso-
lated treatment, but rather as a component of a care
pathway.15

Intrathecal

INDICATIONS

When neurolysis is considered for pain covering a
descrete area, in one or two dermatomes, intrathecal
(subdural) administration of hyperbaric (phenol 5 per-
cent in glycerol) or hypobaric (absolute alcohol) solutions
permit good control of neurolysis.1, 2, 14, 16 Hyperbaric

solutions are utilized mainly in the low thoracic and
lumbar areas, where it is relatively easy to control the flow
of injectate, and it is slower to fix to nerve tissue.14 Some
practitioners use alcohol in this area to block the lower
sacral roots, avoiding S1 and S2.17 Generally, if neurolysis
is required in the upper thoracic or low cervical areas, a
hypobaric solution (alcohol) is preferable, as it is easier to
position the patient for the solution to rise to the
appropriate roots. However, there is less room for error
with alcohol as it fixes very rapidly and it is impossible to
make adjustments if the wrong level is selected.14 Phenol
tends to be used much more frequently than alcohol.2

Motor dysfunction can be minimized during intrathecal
neurolysis by careful technique and patient positioning.2,
14, 16 Pain relief is good in 80 percent of cases, if referral is
within the first four months of pain presentation. Late
referral (after eight months) leads to much poorer results
– only 25 percent achieving good relief.14 Intrathecal
phenol generally tends to give in excess of two months
benefit, but the procedure can be repeated.

In a very large review of 5020 patients, pain relief
following intrathecal ethanol was established as good in
60 percent, fair in 22 percent, and poor in 18 percent. In
addition, benefit following intrathecal phenol (1982
patients) was noted to be good in 58 percent, fair in 16
percent and poor in 25 percent.18

TECHNIQUE

� Obtain fully informed written consent from the
patient.

� A full aseptic technique is necessary: mask, hat,
gown, gloves, and drape, together with an aseptic
skin preparation.

� Position the patient on a level operating table, lying
on the painful side (hyperbaric phenol to be used).

� Place an x-ray c-arm (image intensifier) over the
appropriate region.

� The appropriate region is identified clinically
followed by radiological confirmation, taking into
account that the appropriate nerve root to be
blocked confirms to the dermatome and associated
intervertebral foramina.

� Infiltrate the subcutaneous tissues with local
anesthetic to the depth of the interspinous ligaments.

� Insert an 18- or 20-gauge short bevel needle until
cerebrospinal fluid is obtained.

� Slowly roll the patient to a semi-supine position
(Figure 28.1).

� Withdraw the needle slowly until CSF flow is much
slower or almost stops.

� Attach a 1-mL Luer-lock syringe containing 5 percent
phenol in glycerol.

� Inject 0.2mL of the solution.
� A warmth and tingling should be perceived in the

area of pain within 30 seconds.
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� If the level is incorrect, tilt the table so that the
hyperbaric solution runs to the appropriate root.
This can only be one root higher or lower.

� When the warmth and tingling correspond to the
area of pain, further aliquots of 0.1mL of neurolytic
are slowly injected, up to 0.5mL – until the pain is
absent, usually several minutes. (If the patient is
already incontinent and bedridden, up to 1mL can
be injected in the lumbar region.)

� Up to 1mL of neurolytic can be injected in the
thoracic or low cervical area.

� The needle is then withdrawn until 1–2 cm below the
skin and a clean syringe with 1-mL air attached.

� Inject the air just before withdrawing the needle
from the skin, to clear the needle of neurolytic.

� The patient is then kept in the semi-supine position,
supported by pillows, for at least a further 30 minutes,
followed by a further one hour in the supine position.

� If the perineal area is to be blocked, the needle
should be inserted at the L5/S1 level, with the patient
lying on his/her side, and the needle withdrawn until
there is minimal CSF flow. Phenol 7 percent in
glycerol 0.75mL is injected, the needle immediately
withdrawn, and the patient immediately but carefully
rolled to the supine position. After a minute the
patient is gradually aided to a sitting position,
leaning slightly forward. The patient is kept in this
position for at least half an hour.14

� T1–9 are difficult dermatomes to block using
intrathecal neurolysis. There is also a high risk of
direct cord damage.14 Needle insertion is therefore

usually at a lower level than for the intended exiting
nerve root, with the intention of injecting 1–3mL of
hyperbaric solution (phenol in glycerol) and running
it up to the desired level by tilting the patient.

Phenol 5 percent in glycerol and contrast media may be
used to confirm the position of the neurolytic. Normally,
if the solution is injected at more than one root away
from that intended, the procedure should be repeated,
adjacent to the correct root to minimize the volume of
neurolytic used, excluding special situations such as mid
or high thoracic blocks. If the needle is not withdrawn
until CSF flow just stops, the tip and therefore the neu-
rolytic may pass over more caudal roots, or the cord itself,
resulting in sphincter disturbance.

Intrathecal alcohol is hypobaric in CSF and some
clinicians can use this to good effect for thoracic nerve
root neurolysis – bearing in mind that the dorsal nerve
roots must be positioned uppermost, and with the head at
a lower level. This requires considerable skill, and since
the alcohol has an immediate effect on the nerve, precise
positioning is essential. Initial contact with the incorrect
nerve root or the cord will result in immediate damage.19

COMPLICATIONS

The following complications should be considered:

� dysesthesia, together with loss of touch and
proprioception;

� motor weakness;

(a) (b)

Figure 28.1 Intrathecal neurolysis using a hyperbaric solution, such as phenol in glycerol. (a) Needle just within the subarachnoid

space and (b) the patient rolled to a semi-supine position to allow neurolytic just to come into contact with the dorsal nerve roots.

(The hatched area indicates phenol flow.)
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� incontinence – risk much higher if the low lumbar
roots are blocked;

� irreversible cord damage – with alcohol19 or
phenol;20

� alcohol, when used for upper thoracic or cervical
pain, may result in paralysis of the upper limb or
occasionally cranial nerve dysfunction.

In a review of complications, Gerbershagen21 noted the
risk of temporary paresis or paralysis was 4 percent (1
percent permanent), whereas transient bladder dysfunc-
tion occurred in 6 percent (1 percent permanent) and
transient bowel dysfunction occurred in 0.5 percent (0.1
percent permanent).21

Extradural

This route of neurolytic administration is used infre-
quently now. The volume needed for a nerve root block is
large and results tend to be unreliable14 and is not
recommended.

COMPLICATIONS

Motor weakness, dural puncture, and paralysis may occur,
due to accidental intrathecal administration, or the
thrombotic effect of phenol on feeder blood vessels –
especially in the region of the thoracic cord, causing
spinal cord infarction.

CELIAC PLEXUS

The celiac plexus is constructed of loose nerve fibers
forming a ganglion of 4� 3 cm, which lies between the
two celiac ganglia, on either side of the aorta at the level
of the T12 and L1 vertebral bodies. The inferior vena cava
lies anterior and to the right side of the celiac plexus.
Although 90 percent of patients with cancer pain may
obtain moderate to good pain relief from oral or par-
enteral medications, some will require interventional
techniques to control their pain.22 Neurolysis of the
sympathetic axis has been shown to be an effective and
safe approach to manage visceral pain in such patients.23

These procedures require fluoroscopy to demonstrate the
level of needle insertion and the use of contrast media
helps prevent injection into major vessels or organs.24

Although ultrasonic guidance has been described for
celiac plexus block,25 most procedures are carried out
using x-ray or computed tomography (CT).

Approximately 85 percent of patients with pain due to
pancreatic cancer can expect good pain relief, with up to
75 percent having this relief for their remaining life.26

Sharfman and Walsh27 carried out a critical review of the
available literature in 1990 and concluded at that time

that there were only 15 published series since 1964 and
that there were many deficiencies in the reports, to the
extent that they considered that there was insufficient
evidence for the efficacy of this procedure. There have
been many well-controlled clinical trials illustrating the
benefits of this procedure in pain due to upper abdominal
malignancy, where opioid use has been unsatisfactory.28,
29, 30, 31, 32 The successful relief of pain due to pancreatic
cancer and other abdominal malignancies can be expected
in 85 and 73 percent of patients, respectively.12 Staats
et al.29 noted a significant positive effect on life duration
and mood scores, and this was associated with an increase
in life expectancy. Wong et al.,31 however, did not find
such encouraging results in their double-blind, rando-
mized trial of 100 patients.31 They noted that although
neurolytic celiac plexus block provided better pain relief
than opioids, it did not affect quality of life measures or
survival.

A unilateral approach to blockade of the celiac plexus
has been successfully illustrated,33 but the potential for
inadequate neurolytic spread may be higher.34 On
reviewing the contrast spread during CT, De Cicco et al.34

noted that the results following celiac plexus block were
much improved if the contrast spread to all four quad-
rants. They concluded that by using a single needle
approach, neurolytic spread is highly hampered by
regional anatomical alterations.

Indications

Celiac plexus block is indicated for pain due to upper
abdominal neoplasm, especially the pancreas and liver.12

Although celiac plexus block can be a highly effective
means of controlling pain due to chronic pancreatitis,35

the procedure is associated with serious complications for
such a nonmalignant condition. If pain due to pelvic
disease is present, it is more appropriate to consider some
of the sympathetic blocks mentioned later in this chapter
(see below under Miscellaneous).

Technique

The aim of the block is to deposit a sufficient volume of
neurolytic to destroy the plexus which covers a large area,
adjacent to major organs and blood vessels. Since the
volume of injectate needed is large, alcohol is used.

� Obtain informed written consent.
� Place the patient prone on a radiotranslucent

operating table.
� With full asepsis, clean the low thoracic and upper

lumber areas of the back.
� Mark the spinous processes of T12 and L1, together

with the medial boarder and tip of each 12th rib,
after confirmation by x-ray.
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� Sedation is used for the initial phase of the
procedure.

� A 12-cm, 22-gauge needle is inserted 5–6 cm lateral
to the upper border of the spinous process of L1
(depending on the angle of the 12th rib).

� The needle is directed medially, at a 401 angle to the
skin, to strike the vertebral body of L1. This should
be at approximately 8 cm – if less it may be hitting
the transverse process (Figure 28.2, needle position
A).

� Place a marker on the needle 4 cm from the skin.
Withdraw the needle to within a few centimeters of
the skin and redirect the point at a 25–301 angle.
Advance the needle until the marker is very close to
the skin. The needle tip should be within the
immediate vicinity of the celiac plexus, and adjacent
to the aorta (Figure 28.2, needle position B).

� Repeat on the contralateral side.
� Aspirate for blood. Inject 5mL of lidocaine 20mg/

mL (with epinephrine 5 mg/mL) plus radiocontrast
media via each needle. This will exclude intrathecal
and intravascular injection and should render the
patient pain free.

� Potent analgesia and sedation are administered now,
as injection of the neurolytic causes very intense
abdominal pain.

� If the needle tips are correctly placed, 25mL of the
following neurolytic is injected on each side. (Dilute
25mL ethanol 96 percent with 18mL lidocaine 1mg/
mL and 7mL radiocontrast.)

� The needles are flushed with 1mL of 0.9 percent
saline, to clear them of alcohol, and withdrawn.

� The patient is taken to a recovery area, where
additional analgesia together with further intravenous
fluids and possibly intravenous ephedrine may be
needed.

� Support stockings are provided and care taken when
initial ambulation takes place, as postural hypoten-
sion within the first few days can lead to syncope.

Complications

Most side effects tend to pass in a few days.23 These
include:

� postural hypotension;
� hematoma;
� visceral damage, especially the kidney;
� pneumothorax;
� diarrhea;
� somatic nerve lesions/neuritis, if solution comes in

contact with somatic nerve;
� rarely, paraplegia.36, 37

SUPERIOR HYPOGASTRIC PLEXUS

The superior hypogastric plexus lies anterior to the lower
aspect of the vertebral body of L5 and the upper pro-
montory of the sacrum. Major iliac blood vessels lie
immediately in front of the plexus, which innervates the
bladder, rectum, prostate, uterus, and cervix.

Figure 28.2 Celiac plexus block. Needle position

after initial insertion (A), and (B), after

redirection, so that the needle tip is at the celiac

plexus.
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Indications

Pain from pelvic cancer, such as colorectal or genitour-
inary.38 In a study of 26 patients with pelvic cancer, in
which pain was poorly controlled by opioids, de Leon-
Casasola et al.39 achieved good results in 69 percent of
patients, although three required a second block. The
good response continued over a six-month follow up
without complications. Plancarte et al.40 studied 227
patients and achieved similar results in 79 percent of
patients, with a 43 percent reduction in opioid needs in
72 percent of patients. The results tend to be poor if there
is extensive retroperitoneal disease.

Technique

� Obtain informed written consent.
� Place the patient prone on a radiotranslucent

operating table.
� With full asepsis, clean the lumber and sacral areas

of the back.
� Mark the spinous processes of L3–5, together with

the medial border of each iliac crest and confirm
anatomy with x-ray.

� Light sedation may be used for the procedure, but
the patient should be able to respond coherently to
sensations perceived.

� A 12-cm 22-gauge needle is inserted 5–6 cm lateral to
the L4/5 interspace, after subcutaneous injection of
local anesthetic.

� The needle is inserted and directed medially at a
30–401 and in a caudal direction, to strike the side of
the vertebral body of L5. (The iliac crest can cause
difficulty in directing the needle, requiring the needle
to be withdrawn to the skin and reinserted at an
appropriate angle.)

� The needle tip should be advanced to a point just
1 cm in front of the anterior border of L5.

� A click or pop is felt as the psoas fascia is pierced, at
a point approximately 10 cm from skin entry. Needle
tip will be adjacent to interior iliac vessels.

� Aspirate to ensure needle tip is not in a blood vessel.
Inject 2–3mL of contrast media to confirm injectate
location on x-ray. There should be little resistance to
injection and contrast media should spread across
the anterior body of L5.

� The same procedure is carried out on the opposite
side (if male, see below under Complications).

� Local anesthetic (5mL) is injected on each side.
� If pain relief is achieved within five to ten minutes,

proceed to inject aqueous phenol 7–10 percent made
up in radiocontrast media, to confirm safe spread of
injectate.

� The needles are flushed with 1mL of 0.9 percent
saline, to clear them of phenol, and withdrawn.

� Return patient to recovery area.

Complications

Complications include:

� back pain;
� hematoma;
� intravascular injection;
� somatic nerve;
� intrathecal block;
� sexual dysfunction in males, especially if bilateral

block.

Although phenol is frequently employed,39 alcohol can
also be used, the success being related to the volume used
– 10–20mL.41

TRIGEMINAL GANGLION

The trigeminal ganglion lies just within the cranial cavity
with the three divisions (ophthalmic, maxillary, and
mandibular) supplying the face, including cornea, tongue,
and teeth. Destructive lesions can therefore result in
profound lack of sensation on the ipsilateral side of the
face. Selective lesioning through the choice of an appro-
priate neurolytic can limit neuronal dysfunction yet per-
mit good pain relief.

Indications

Trigeminal neuralgia is one of the few nonmalignant pain
states where chemical neurolysis may be considered
appropriate. It can generally be managed through the reg-
ular use of appropriate anticonvulsants, such as carbama-
zepine. Some clinicians will also carry out blockade of
peripheral nerves to prevent triggering of the pain. If these
measures are ineffective or not tolerated, interventions,
such as microvascular decompression or radiofrequency
lesioning, provide an excellent drug-free alternative.42, 43

Although radiofrequency thermocoagulation offers the
highest rate of complete pain relief,43 microvascular
decompression is the preferred treatment for younger
healthy patients, with a long life expectancy.44 Should these
procedures be declined by the patient, or when the pain
involves the ophthalmic or several divisions, the clinician
may consider retroganglion injection of pure glycerol, as
first described by Hakanson.45 This does not regularly result
in loss of sensation, as seen when phenol is used, and is
particularly suited to the frail or elderly patient.46, 47, 48, 49, 50

Technique

� Informed written consent is obtained.
� The procedure may be carried out under general

anesthesia or light sedation, with the patient supine,
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with the table 10–151 head up, on a radiotranslucent
operating table. Alternatively, a dental chair in the
semi-recumbent position can be used.

� The key landmarks are indicated in Figure 28.3 and
are best marked prior to starting the procedure –
these are a point 3 cm lateral from the corner of the
mouth on the side of pain and 3 cm anterior to the
external auditory meatus (Figure 28.3).

� It is useful at this stage to radiologically identify the
foramen ovale, by tilting the head back slightly, and
rotating it 10–151 away from the side of pain.

� Prophylactic antibiotic cover against staphylococcal
infection is administered intravenously (cefuroxime).

� A full aseptic technique is necessary: mask, hat,
gown, gloves, and drape, together with an aseptic
skin preparation.

� A 100-mm, 20-gauge needle is inserted 3 cm lateral
to the corner of the mouth on the side associated
with pain (Figure 28.3, insertion at point B).

� The needle is directed towards the center of the pupil
of the ipsilateral eye, but also directed backwards at
the same time, as if to a point behind the eye,
corresponding to point A in Figure 28.3.

� The needle should strike the base of skull at this
point. Confirm the needle tip position in relation to
the foramen ovale with x-ray.

� It is often necessary to withdraw the needle partly
and reinsert it, directing the tip with the aid of
fluoroscopy.

� When the foramen ovale is entered, the needle
stylette is removed and the needle advanced just until
CSF is obtained.

� A lateral x-ray view of the skull should confirm that
the needle tip is just past the clivus.

� Radiocontrast media 0.1mL may be injected and
should show as a clearly defined bead.

� Pure sterile glycerol 0.2–0.4mL is injected over 10–15
seconds, without moving the needle tip (injecting
this hypertonic solution into the ganglion or a nerve
root will cause permanent sensory loss).

� Recovery takes place in the position of injection,
with minimal head movement over the following
15–20 minutes.

� Headache, face pain, and bruising are common, as is
altered facial sensation which generally resolves
within 24–48 hours.

(a) (b)

B
B

A

Figure 28.3 Needle position to locate the foramen ovale. Insertion at (a) 3 cm lateral to the corner of the mouth, the needle is then

directed towards the ipsilateral pupil, but backwards to a point 3 cm anterior to the external auditory meatus (b).
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Complications

Complications include:

� preoperative vasovagal reaction;
� hematoma;
� meningitis – aseptic or septic;
� ipsilateral self-terminating circumoral herpetic

eruption;
� sensory loss (any part of face, including cornea or

lips);
� anesthesia dolorosa (rare);
� hearing deficit;
� tinnitus.

Results

Of the 75 cases observed by Hakanson, 86 percent were
pain free after treatment.45 Similar results have been
noted by others.48, 49 Saini47 studied 552 cases 59 percent
of whom were pain free at two years. In a study of 1174
patients, Kondziolka and Lunsford50 concluded that ret-
roganglion injection of glycerol had advantages over
radiofrequency lesioning, avoiding the need for intra-
operative sensory testing. Other studies have shown effi-
cacy for up to three years in 50 percent of patients.51, 52

Patients experiencing continuous pain are less likely to
have an excellent outcome.51 In studying 53 patients,
Pickett et al.52 noted that facial sensory loss was associated
with a higher likelihood of pain relief and for a prolonged
period. Side effects tend to be common, but are mostly
mild and nondisabling.53 The procedure should be con-
sidered in patients with disabling trigeminal pain
requiring urgent pain relief, but other procedures such as
gamma knife radiosurgery54 or microvascular decom-
pression are better long-term options.42, 55

MISCELLANEOUS

Pain due to malignancy in the face, head, upper limb, or
upper thorax may well respond to sympathetic block of
the region. Since the ipsilateral stellate ganglion supplies
all of these areas, it is worth considering a local anesthetic
block of this ganglion.56, 57 If a desirable result ensues, a
neurolytic block with phenol may be considered
appropriate.

See Chapter 27, Sympathetic blocks, for more infor-
mation in relation to this procedure. It is important to
take into account the permanent effect of using a neu-
rolytic in this region. In addition, the hazards of the
solution entering the CSF or a blood vessel must be
considered and hence the resultant need for the addition
of contrast media to the phenol and the mandatory use of
x-ray control.

Paravertebral

The use of neurolytic agents in this area may seem less
hazardous than when administered by the intrathecal or
extradural route. This is not the case. In a study of 31
patients, Purcell-Jones et al.58 noted that the injectate was
confined to the paravertebral area in only 18 percent of
cases, when assessed by radiology or computed tomo-
graphy. Indeed, spread was extradural in 70 percent of
cases and exclusively so in 31 percent. They concluded
that neurolytic and diagnostic paravertebral injections
performed without the aid of radiological imaging and
contrast media should be regarded as hazardous and
interpreted with extreme caution. Paravertebral blockade
with neurolytic is of limited use, such as in some cancer
patients with a poor prognosis and pain restricted to a
small number of thoracic segments. The injectate is rarely
(18 percent) confined to the paravertebral area.58

Ganglion impar

As mentioned earlier, visceral pain due to cancer can
often be managed by sympathetic blockade, if opioids are
ineffective or not tolerated. Pain in the rectum or peri-
neum is amenable to sympathetic block of the ganglion of
impar, a tiny sympathetic plexus which lies just anterior
to the sacrococcygeal junction.23 The benefit of this
procedure over the superior hypogastric block for pain in
the perineum is that a much smaller volume of neurolytic
is needed and the injectate is not administered in such
close proximity to major blood vessels. The approach to
the ganglion is usually through the use of a curved
hypodermic needle, inserted lateral to the anococcygeal
ligament, and the needle tip directed round to the an-
terior aspect of the sacrococcygeal junction. Care must be
taken not to perforate the rectum and that the needle tip
ends just in contact with bone. Fluoroscopy with contrast
media is necessary. A diagnostic block with 0.5mL local
anesthetic may be desired before a definitive neurolytic
block with 0.3–0.5mL aqueous phenol 7 percent, or
alcohol. Another approach has been described recently
which may be less difficult to carry out.59, 60 This involves
inserting a needle under fluoroscopy perpendicular to the
sacrococcygeal junction, just passing through it and
confirming that the needle tip is within the retro-
peritoneal space. Contrast media 0.2mL when injected
produces a ‘‘comma sign.’’60 The risk of rectal perforation
should be less than with the curved needle technique.
However, the use of an excessive volume of neurolytic
may result in rectal ulceration.

Sphenopalatine

Extreme facial pain from cancer can be very difficult to
control. The use of stellate blockade may be required or
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selective peripheral neurolytic blocks.61 It may be neces-
sary to carry out gassarian ganglion blockade with a
neurolytic agent.61 Any form of chemical neurolysis of
this ganglion, especially if phenol or alcohol are used
(even in fractions of a milliliter), can result in corneal and
oral insensitivity. This, together with its consequences,
must be discussed in detail with the patient prior to
undertaking such a procedure. An alternative procedure
to managing this type of pain is a neurolytic spheno-
palatine ganglion block. Twenty-two patients with pain
due to advanced head and neck malignancy were suc-
cessfully managed with a sphenopalatine block by
Varghese and Koshy,62 with 17 patients obtaining
immediate good relief, after injection of 6 percent phenol.

CONCLUSIONS

Although patients with cancer frequently experience pain
in the terminal phases of the disease, approximately 90
percent can expect good pain control through the use of
standard and adjuvant analgesics.20 Intrathecal delivery
systems using opioids and local anesthetics can provide
excellent pain relief for most of the remaining situations,
where pain is below the neck. Chemical neurolysis is an
alternative method of pain control, where a continuous
intrathecal delivery system is unavailable or unwanted by
the patient. Intrathecal neurolysis is, however, limited to a
few dermatomes, usually on one side of the trunk or a
limb. Upper abdominal, visceral pain, however, is best
managed by celiac plexus blockade. These procedures can
provide excellent analgesia for many months but careful
patient selection is essential for optimum results. A skilled
practitioner who frequently carries out these procedures,
supported by medical imaging, are also key factors in
achieving good results with the least morbidity. Chemical
neurolysis is not normally carried out for nonmalignant
pain any longer, but is one of several treatment options
for trigeminal neuralgia, especially in the frail, elderly
patient. Any neurolytic procedure requires a detailed
discussion with the patient. Simplified written informa-
tion of the procedure, together with the potential benefits
and risks are desirable when obtaining informed consent.
In particular, the risk of functional side effects, such as
motor weakness or incontinence, must be explained and
balanced against any potential benefits. For these reasons,
chemical neurolysis is unsuitable for the infrequent
practitioner.
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KEY LEARNING POINTS

� Always obtain informed consent.
� Explain that steroid injections may cause local

subcutaneous atrophy and depigmentation.
� Use scrupulous aseptic technique.
� If an effusion is present, aspirate and examine it before

injecting steroid.
� Never inject into an infected lesion with corticosteroid.

� Never inject directly into a tendon (Achilles) as this may

cause rupture.
� Resting the knee after injecting it improves outcome.
� It is best not to inject any joint more than two or three

times a year and then only if the outcome is good and

other treatments contraindicated as there is some

evidence of an increased risk of tendon or joint damage.

INTRODUCTION

Local injection into peripheral joints and soft tissues are a
central part of the management of many musculoskeletal
diseases and pain syndromes. Corticosteroids are the
most commonly used agents. Other techniques include
dry needling, (acupuncture), injection of local anesthetic,
sclerosants or autologous blood into soft tissue, or pro-
ducts derived from hyaluronan into joints. Although
frequently used, the evidence-base for their use is not as
good as it might be. This chapter reviews the literature
and provides a practical approach to their use according
to the evidence-base if it exists or to normal practice.
There is scope for more and better-designed research.
Injections require scrupulous sterile technique but do not
need to be undertaken in an operating theater and

therefore are ideal for the outpatient or general practice
setting. They are, in general, not difficult but are best
learnt initially under the guidance of an expert.

CORTICOSTEROID INJECTIONS

The use of steroid hormones in rheumatoid arthritis was
first undertaken following the isolation of the agent
‘‘compound E’’ or cortisone by Hench and his colleagues
in the late 1930s and 1940s. Cortisone was discovered
during research into the mechanisms leading to disease
remission in approximately 70 percent of women
with rheumatoid arthritis (RA) during pregnancy. It
was first used to treat patients with RA in 1948.1 They
rapidly relieved pain, stiffness, and swelling and improved



function. It soon became clear that side effects were a
major problem. Attempts to find safer agents, safer dosing
techniques, and different means of using the agents were
investigated but side effects remain a significant limitation
to their use in regular oral doses.

Intra-articular and local soft tissue administration was
first undertaken in the 1950s and remains important in
the treatment of inflammatory arthritis and local soft
tissue lesions including bursitis, tendonosis, and periph-
eral nerve entrapment syndromes.2 With careful and
appropriate application they are safe and effective
(Table 29.1). There is evidence supporting their use in
many specific clinical situations, the benefit is often rapid
but may be short-lived unless combined with other
therapeutic approaches. The benefit in practical terms to
the patient who is unable to work or function normally
because of pain which does not responded to analgesic
and/or nonsteroidal anti-inflammatory agents (NSAID) is
dramatic. It is important, however, to also address local
causes and to give appropriate advice about short-term
rest and altered activity as part of a rehabilitation
program to reduce the risk of recurrence.

Usually, a local steroid injection is used for its powerful
anti-inflammatory effect. Steroids act through a variety of
mechanisms including the inhibition of cytokines, che-
mokines, and enzymes and by effects on transcription and
translation processes. They also have a local anesthetic
effect on nerves or nociceptive nerve endings.3 Their
mechanism of action in lesions such as tendonosis, where
there is little evidence of a local inflammatory reaction, is
not clear.

The mention of the word ‘‘steroid’’ may instill unrea-
sonable fear because of the widely known side effects of
long-term oral medication. This fear must be addressed
positively and the different implications of one or a
small number of local injections against the daily use
of oral steroids discussed. Steroid preparations used for
local injection reduce their systemic effects. Some do
occur, particularly with high doses administered intra-
articularly, and the patient should be warned, especially
if they are diabetic, as their glucose levels may rise briefly.
Informed consent after discussing the potential risks
is advisable. Intra-articular or intralesional injections
into infected lesions are absolutely contraindicated and

may lead to severe local infections and occasionally to
septicemia. Medicolegally this is considered a negligent
act. If infection is suspected or possible, all care must
be taken to detect or exclude it before any steroid is
injected.

INTRA-ARTICULAR INJECTIONS OF
CORTICOSTEROIDS

The hot swollen joint – is it septic arthritis?

The management of a hot swollen joint is a common
medical problem. The least common but most serious
cause is septic arthritis, which must be treated as a
medical emergency and the patient given intravenous
antibiotics. The patient usually presents with a short
history of an increasingly painful joint and is feverish and
unwell. The joint is hot, inflamed, and intensely painful.
If immunosuppressed for therapeutic reasons such as a
malignancy or an autoimmune disease, or as part of
an infection with human immunodeficiency virus (HIV)
or if they are frail and elderly, the systemic symptoms and
signs may be less. A septic arthritis complicating rheu-
matoid arthritis should be considered if there is a single
joint flare. The causative organism can be cultured from
the aspirate and from blood cultures – septic arthritis is
usually secondary to septicemia with a source of infection
in the skin, genitourinary track, or gastrointestinal track.
It may occasionally be the result of direct infection by
trauma or rarely after an intra-articular injection. Septic
arthritis is an absolute contraindication to the use of
intra-articular steroids (and other agents). If during a
planned intra-articular injection procedure the aspirate is
cloudy or purulent or if sepsis is suspected, cultures of
the fluid and blood and any other site of infection are
obligatory and the steroid must not be injected until all
cultures are negative.

Other causes of a hot swollen joint are trauma, the
first onset of, or a flare of, a preexisting inflammatory
arthritis such as RA or seronegative spondyloarthropathy,
crystal arthritis, such as gout, pseudogout, or sickle cell
disease.

Table 29.1 Indications for intra-articular corticosteroids.

Indications

Posttraumatic synovitis with an effusion Meniscal tear (think about arthroscopic management)

Complicating osteoarthritis

Hemarthrosis

Osteoarthritis with an acute effusion Possibly osteoarthritis with no effusion

Acute inflammatory monoarthritis Seronegative spondyloarthropathy

Acute monoarticular flare of RA or spondyloarthropathy

Crystal arthritis (gout or pseudogout)
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PROCEDURE FOR INTRA-ARTICULAR
INJECTIONS

Make the patient comfortable and adjust the couch
height. Have everything ready – different size needles and
syringes, alcohol swabs, gauze pads, and adhesive plaster.
Draw up the local anesthetic (lidocaine 1 or 2 percent or
bupivicaine 0.25 percent) in one syringe and the steroid
preparation in another (see Table 29.2). Have an aspir-
ating syringe ready and a sterile pot for the aspirate.
Scrupulous sterile technique is obligatory. Many wear
sterile gloves although this is not essential as long as the
hands are well washed and rings and watches removed.
Cleanse the skin and insert the needle (some use a prior
spray of ethyl chloride). Inject the local anesthetic as the
needle is inserted. Entering the joint is usually detectable
as a fall in the injection pressure. Attempt to aspirate as
much fluid as possible. Examine the fluid. If it is clear, the
effusion is traumatic or complicating osteoarthritis (OA).
Slightly cloudy fluid is obtained from inflamed joints.
Very cloudy and opaque fluid could be due to crystal
synovitis or septic arthritis. If in any doubt about the
possibility of an infection, do not inject the steroid, end
the procedure and send the fluid for Gram staining,
polarizing light microscopy (for crystals of sodium urate
or calcium pyrophosphate) and culture. If the patient is
unwell or frail, seek the advice of a microbiologist about
antibiotic treatment, take blood cultures and cultures
from urine or any skin wounds, and admit the patient as a
medical emergency.

Once satisfied that there is no infection or once the
culture is sterile, inject the steroid. Ask the patient to rest
the joint for a day or so, particularly if injecting a weight-
bearing joint. This improves the outcome.4 Warn them
that there may be a flare of pain for approximately 24
hours and ask them to report back urgently should the
joint become hot or inflamed or should they become
unwell.

Depressingly, a recent study has shown that only 10
percent of intra-articular injections were placed correctly
into the joint, even by experts.5 For this reason, the use of
ultrasound-guided injection is becoming popular. Further
research is needed to evaluate the efficacy of injections
under ultrasound guidance.

The shoulder joint

The movement of the shoulder comprises extension,
flexion, abduction, and internal and external rotation.
The shoulder girdle itself comprises three joints: the
sternoclavicular, acromioclavicular, and glenohumeral
joints. They combine with the scapulothoracic articula-
tion to allow the large range of movement, moved by
the rotator cuff muscles and deltoid. OA of the shoulder
joint occurs in heavy workers (builders, farmers), athletes,
and musicians. The shoulder joint is also affected in
RA with lesions of the rotator cuff and long head of
biceps leading to tears. Later, erosion of the humeral
head and glenoid fossa occur. The shoulder joint is
injected to ease pain in inflammatory and degenerative
joint conditions.

INJECTING THE SHOULDER JOINT

Seat the patient with the arm hanging down.

ANTERIOR APPROACH

Place the arm in external rotation. Mark medial to
humeral head and below and lateral to the coracoid
process. Introduce the needle pointing upwards and
laterally (Figure 29.1).

POSTERIOR APPROACH

Place the arm in neutral. Introduce the needle 2–3 cm
below the posterolateral corner of the acromion and
pointing forwards towards the coracoid process.

Injecting the acromioclavicular joint

Acromioclavicular (AC) joint pain is localized to the
joint, which is tender. Reaching the arm across the front
of the body is painful. Identify the AC joint by palpating
the clavicle and feeling the depression at the joint with the
patient seated. Insert the needle from above pointing
down (Figure 29.2).

Table 29.2 Steroid preparations for intra-articular or soft tissue injection.

Steroid Dose Method of administration

Hydrocortisone acetate 25mg/mL Soft-tissue injections

Prednisolone acetate 25mg/mL Soft-tissue injections

Triamcinolone acetonide 40mg/mL Intra-articular – up to 2mL

Triamcinolone hexacetonide 20mg/mL Intra-articular – up to 2mL

Methylprednisolone depot 40mg/mL Intra-articular – up to 2mL

The volume varies with the size of joint – 0.2mL for an MCP, 0.5–1mL for elbow or wrist, 1mL for shoulder, 1–2mL for
knee.
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The elbow and radiohumeral joints

There are three articulations at the elbow: the radio-
humeral, humeroulnar, and radioulnar joints. The
humeroulnar joint allows flexion and extension, the others
pronation and supination. The elbow joint is injected in
OA, RA, and crystal arthropathies.

INJECTING THE ELBOW JOINT

Seat the patient with the arm supported and the elbow at
right angles. Palpate the radial head, the lateral olecranon,
and the lateral epicondyle. Introduce the needle from a
lateral approach between the radial head and lateral epi-
condyle, aiming towards the medial epicondyle. Attempt
aspiration. Easy flow of the injectate suggests the needle is
in the joint.

The wrist joint

The wrist joint is complex and is commonly affected in
inflammatory arthritis. Injection reduces synovitis and pain.

INJECTING THE WRIST JOINT

Place the wrist in 151 of flexion. Mark next to the extensor
tendon of the thumb, distal to the radius and on the ulnar
side of the anatomical snuff box. Direct the needle towards
the distal ulna (Figure 29.3). There is no evidence-base for
immobilizing the wrist after steroid injection.6

The first carpometacarpal joint

The first carpometacarpal joint is prone to OA causing
pain and poor grip. The joint appears ‘‘squared.’’ As it
stiffens, pain lessens for most. Even if the joint is injected
under radiological imaging there is no evidence for a
good outcome.7

INJECTING THE FIRST CARPOMETACARPAL JOINT

Palpate the joint line with the thumb flexed into the palm.
Introduce the needle lateral to the abductor pollicis
longus tendon and towards the fourth metacarpal base.

Metacarpophalangeal and interphalangeal
joints

The metacarpal and interphalangeal joints are affected in
inflammatory arthritis. Synovitis causes synovial bulging
dorsally. OA can affect these joints. Find the joint line and
inject local anesthetic as the needle is introduced from
either side of the joint under the extensor tendon.

Figure 29.1 Anterior injection approach to the shoulder joint.

Figure 29.2 Injecting the acromioclavicular joint. Figure 29.3 Injecting the wrist.
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The hip joint

The hip is a ball and socket joint between the femoral head
and the acetabulum. The glenoid labrum, an extension of
the acetabular rim, the capsule, and ligaments provide
support. The hip joint is also supported by strong muscles.
It is affected in OA, RA, and seronegative spondyloar-
thropathy. The hip is rarely injected without fluoroscopic
or ultrasound guidance. From a nonrandomized study
there is evidence that ultrasound (US)-guided injection of
80mg depot methylprednisolone in OA of the hip is
effective with an improvement lasting 12 weeks compared
with only six weeks when 40mg was injected.8

INJECTING THE HIP JOINT (UNDER FLUOROSCOPY)

There are two approaches: Anterior approach – with the
patient lying supine extend and externally rotate the hip.
Insert local anesethetic 2–3 cm below the anterior super-
ior iliac spine and 2–3 cm lateral to the femoral pulse.
Then use a larger bore needle and inject anesthetic as it is
introduced pointing backwards and medially at a 601
angle. Aspirate any synovial fluid before injecting the
steroid. Lateral approach – the patient is supine with
the hip internally rotated. After skin anesthesia, insert the
needle anterior to the greater trochanter and directed
medially and upwards towards the inguinal ligament. The
tip of the needle may be felt entering the joint.

The knee joint

The knee comprises the tibiofemoral and patellofermoral
joints. Knee pain is common and may be articular or
periarticular. There is evidence for a short-term benefit in
OA from a corticosteroid for up to 24 weeks.9 The knee is
routinely aspirated and injected in inflammatory and
crystal arthropathies. After a knee injection, resting for up
to 24 hours increases the benefit in RA.4 It was assumed

that this retarded the systemic absorption of steroid
leading to increased local concentrations. Weitoft and
Ronnblom,10 however, demonstrated an equal alteration
in the hypothalamic-pituitary-adrenal axis in rested
patients compared with those who mobilized after 20mg
of triamcinolone hexacetonide (THA), reflecting the same
amount of systemic steroid absorption.

INJECTING THE KNEE JOINT

Place the patient lying comfortably on a couch. Relaxing
the quadriceps is essential or the patella presses against
the femur making joint aspiration and injection difficult.
Extend the knee and feel the patella, femur, and tibia.
Insert the needle with anesthetic medially and posterior to
the patella and directed slightly backwards. Attempt
to aspirate, pressing gently on the suprapatellar pouch
(Figure 29.4). When in the joint space, the steroid flows
freely. The knee can also be injected laterally. If the knee is
fixed in flexion, inject with the patient sitting with the
knee at 901, inserting the needle to either side of the
patellar tendon and just above the tibial plateau. Rest
improves the outcome.

The ankle joint

The ankle is a hinged joint formed by the distal tibia and
fibula with proximal part of the talus. The movement of
this joint is plantar flexion and extension. Inversion and
eversion occur at the subtalar joint.

INJECTING THE ANKLE

Place the leg and foot at right angles. Insert the needle
medial to the tibialis anterior tendon and lateral to the
medial malleolus, directed posteriorly.

Metatarsophalangeal and interphalangeal
joints

The reasons to inject these joints are as for the hand and
the techniques are similar. The needle is introduced
dorsally and beside the extensor tendons.

PROCEDURE FOR INTRALESIONAL OR SOFT
TISSUE INJECTIONS

The procedure is essentially the same as for intra-articular
injections (see above under Procedure for intra-articular
injections). There may be fluid to aspirate if there is
bursitis or an abscess. The injection is best made under
low pressure either into a cavity or adjacent to a tendon.
For enthesitis, injection under slightly greater pressure is
sometimes necessary.Figure 29.4 Injecting the knee joint.
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SOFT-TISSUE INJECTIONS FOR
TENOSYNOVITIS, TENDONOSIS, ENTHESITIS,
AND BURSITIS

A caution about injecting into superficial soft-tissue
lesions is that the steroid can produce local subcutaneous
atrophy and depigmentation, which is more noticeable in
those with dark skin. Distracting the skin to close the
track helps but the patient should be forewarned.

The shoulder

ROTATOR CUFF SYNDROMES

Tendonosis usually of the supraspinatus tendon,
sometimes with a partial tear or small complete tear of
the rotator cuff, or subacromial bursitis, causes pain in
the upper arm, which is made worse when the arm is
abducted through the middle range. Pain may limit
abduction above 901 although the passive range is
often better. The pain is less if the arm is elevated in
flexion, reducing impingement against the acromion.
Rotator cuff pathology may be due to direct injury
following a fall onto the outstretched arm, to working
with the hands above the head or to impingement
against the acromion and/or an osteoarthritic or un-
stable acromio-clavicular joint. Eventually the supraspi-
natus muscle wastes and this increases impingement
because it helps to hold the humeral head down as it
rotates under the acromion against the strong upward
pull of deltoid.

A calcific deposit in the tendon is visible on x-ray, lying
adjacent to its insertion into the greater tuberosity. The
material is crystalline and may rupture into the adjacent
subacromial bursa causing severe pain and swelling due to
calcific bursitis. This is visible on x-ray as cloudy radio-
opacity in the bursa. Diagnostic ultrasound in skilled
hands is probably the best way of specifically diagnosing
the underlying cause(s).11 Whether specific differential
diagnosis of these different pathologies affects the decision
to treat or the outcome is unclear.12 Initially use simple
analgesics or NSAIDs but the pain, which may be very
disabling, is reduced rapidly by a local corticosteroid
injection into the subacromial bursa.12 Even specialists may
not place an injection accurately into the subacromial
bursa (29 percent) and this significantly correlates
with outcome.13 The relevance of a partial thickness
tendon tear in deciding whether to inject or not is
unclear. There is probably a slight risk of converting a
partial to a full tear but the natural history, treated or
untreated, is unclear. A full tear can be disabling, reducing
active but not passive abduction of the arm. The patient
learns to lift the arm with the other or prop it against
something. Elevation in flexion is often possible. Pain can
be the main limiting factor for movement and is difficult
to manage.

SUBACROMIAL INJECTION TECHNIQUE

Approach from the side with the patient sitting with
their arm hanging relaxed by their side. Clean the skin,
palpate for the edge of the acromion and insert a green
(21 gauge) needle just below it, injecting lignocaine as it
is advanced (Figure 29.5). There is a fall in pressure
when the needle enters the bursa. The acromion varies
from almost horizontal to tilted – the needle may need
repositioning and this is when local anesthetic is
appreciated. Once in the bursa, attempt to aspirate any
fluid (rarely possible), change the syringe, and inject
steroid. The outcome of blind or ultrasound guided
injections for bursitis at one week does not differ
significantly.14 If a diagnosis is unclear, a diagnostic
ultrasound examination followed by injection is
warranted.

PROXIMAL BICIPITAL TENDONOSIS

Proximal bicipital tendonosis is uncommon. It causes
pain in front of the humeral head, which increases during
flexion and supination of the elbow against resistance. It
is difficult to diagnose clinically but is seen on ultrasound
or magnetic resonance imaging (MRI). There may be
swelling (tendonosis), inflammation of the tendon sheath,
or rupture of the retaining ligament, allowing the tendon
to dislocate. Rest and pain relief usually suffice. A cortico-
steroid injection alongside the tendon in the bicipital
groove helps but is best performed under ultrasound
guidance. Rupture of the long head of the biceps
tendon occurs in older patients and causes sudden
shoulder pain and bruising in the upper arm. Tensing the
muscle causes a variable, painless swelling in the biceps
muscle. Once the pain has settled there is little residual
disability.

Figure 29.5 Injecting the subacromial bursa.
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ADHESIVE CAPSULITIS

Adhesive capsulitis or true frozen shoulder causes intense,
diffuse shoulder pain. It is rare and warrants secondary
referral.15, 16 The pain persists and the joint stiffens over a
few weeks or months leading to complete loss of all
movements, including internal and external rotation with
the arm by the side. (Loss of rotation also occurs in
shoulder arthritis but in rotator cuff syndromes is
retained unless there is severe pain and spasm.) Rotator
cuff tendonosis, injury, stroke, or myocardial infarction
may precede adhesive capsulitis. Poorly controlled insu-
lin-dependent diabetes is a risk factor for developing it.
The etiology is not clear. The pain gradually lessens over a
few months but the stiffness remains for up to 18 months.
Thereafter the shoulder may be a bit stiff but is rarely
disabling. Capsulitis is poorly visualized on MRI which
can exclude other causes, however. NSAIDs and analgesics
help but the pain is difficult to control. Oral cortico-
steroids reduce pain but do not prevent stiffening
or speed recovery. A combined intra-articular and sub-
acromial injection plus physiotherapy is more effective
at six weeks in reducing pain and improving range of
movement than either a subacromial or an intra-articular
injection plus physiotherapy. There is no difference at
16 weeks.17 Manipulation under anesthetic or arthro-
scopic release of the fibrous tissue in the rotator interval is
undertaken during the fibrotic phase but the evidence-
base is poor.

The elbow

LATERAL EPICONDYLITIS

Lateral epicondylitis or ‘‘tennis elbow’’ is an enthesitis
causing pain at the insertion of the common extensor
tendon at the lateral epicondyle and in the proximal
forearm. It often resolves with rest. The lateral epicondyle
is tender. Making a fist and dorsiflexing against resistance
typically worsens the pain.

MEDIAL EPICONDYLITIS

Medial epicondylitis or ‘‘golfer’s elbow’’ is an enthesitis
and causes pain at the insertion of the common wrist
flexor muscles at the medial epicondyle. Resisted flexion
of the wrist with the elbow straight worsens the pain.

Epicondylitis is frequently self-limiting. If it persists
and becomes disabling, a local corticosteroid injection at
the site of maximum tenderness improves the pain but
does not alter the long-term outcome when compared
with physiotherapy.18 The pain may worsen for a couple
of days after the injection and the patient should
be warned. It is best to avoid gripping and carrying
for a week. These are common sites for developing
subcutaneous fat atrophy and skin depigmentation.
Acupuncture may help lateral epicondylitis.19

OLECRANON BURSITIS

Olecranon bursitis is usually traumatic. It causes pain,
tenderness, and swelling over the point of the elbow. If
traumatic, the aspirated fluid is clear, slightly cloudy, or
blood stained. It is occasionally due to an inflammatory
arthritis or gout when the fluid is cloudy. If it is bacterial
there is usually cellulitis and the fluid is purulent. If
infection has been excluded, a local corticosteroid injec-
tion directly into the cavity helps. Infective bursitis
requires antibiotics.

The wrist and hand

DE QUERVAIN’S STENOSING TENOSYNOVITIS

De Quervain’s stenosing tenosynovitis causes pain and
swelling at the radial styloid where the abductor policis
longus and extensor policis brevis tendons run under a
retaining band. The pain extends proximally or towards
the thumb. There is local tenderness and swelling over
the tendons. The pain is worsened by passively flexing
the thumb into the palm. Resting the thumb and wrist in
a spika helps, as may therapeutic ultrasound or NSAID
gels. A corticosteroid injection alongside the tendon
under low pressure, not into the tendon, at the point of
maximum tenderness, brings rapid relief for most
although a second injection may be necessary. Failure to
respond to injection may be due to the presence of a
separate compartment for the extensor pollicis brevis
tendon.20, 21

EXTENSOR TENOSYNOVITIS

Extensor tenosynovitis of the common extensor com-
partment causes an hourglass-shaped swelling from the
back of the hand to just proximal to the wrist with con-
striction by the extensor retinaculum. (Synovitis of the
wrist joint causes more diffuse swelling distal to the radius
and ulna.) It is caused by repetitive wrist movements at
work or in the home and causes forearm pain in keyboard
workers who hold their wrists in excessive extension
without a wrist support. A work station review is helpful.
If rest does not help, a corticosteroid injection into the
tendon sheath is straightforward.

FLEXOR TENOSYNOVITIS

Flexor tenosynovitis affects one or several fingers and
follows repeated tight gripping at work or home. It causes
finger stiffness in the morning and pain in the palm and
along the dorsum of the finger. There is palpable tendon
thickening and sometimes a tendon nodule in the palm.
Passive extension of the finger is painful. The primary
lesion is tenosynovitis leading eventually to fibrosis and
constriction of the tendon sheath. It is common in RA
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and seronegative spondyloarthropathy. Nodular flexor
tenosynovitis is more common in diabetic individuals
and less responsive to treatment.22 The thickened tendon
may catch at the A1 pulley overlying the metacarpopha-
langeal (MCP) joint in the palm and cause a trigger finger
on waking or during tight gripping. The finger is flexed
into the palm and has to be forcibly extended with a
sudden painless or painful click, palpable in the palm. A
corticosteroid injection alongside the tendon nodule in
the palm under low pressure helps.23 If persistent, surgical
release is indicated.

THUMB FLEXOR TENOSYNOVITIS AND TRIGGER THUMB

Thumb flexor tenosynovitis and trigger thumb are due to
local trauma, for example opening a tight jar, or overuse.
Thumb movements are painful and stiff. The sesamoid
bone in the flexor pollicis brevis tendon over the volar
aspect of the first MCP joint is tender. Triggering causes
the interphalangeal joint either to stick in flexion or the
thumb cannot be flexed. A low pressure local corticos-
teroid injection at the site of maximal tenderness adjacent
to the sesamoid bone helps.23

The hip

TROCHANTERIC BURSITIS AND TEARS OF THE TENDON OF
GLUTEUS MEDIUS

Trochanteric bursitis and tears of the tendon of gluteus
medius cause lateral hip pain and tenderness when
walking and running and on stairs, and lying on the
affected side. The pain radiates to the lateral thigh as far
as the knee but is not associated with paresthesia or
numbness (compare meralgia paresthetica). A disk lesion
at L2 can also cause lateral hip pain, usually with sensory
symptoms. If rest and stretching do not help, an injection
of steroid onto the trochanter at the point of maximum
tenderness often does.

ISCHIAL BURSITIS AND ENTHESITIS

Ischial bursitis and enthesitis (hamstring tear) cause pain
in the buttock and tenderness over the ischial tuberosity.
If rest does not help, an injection is given onto the
tuberosity with the patient semiprone and the affected hip
flexed and internally rotated.

ADDUCTOR TENDONOSIS

Adductor tendonosis causes pain in the lower medial
groin and is caused by injury or over use. The tendon is
tender approximately 2 cm distal to its insertion or there
may be an enthesitis with tenderness at the adductor

tubercle. If rest does not help, an injection can be given
alongside the tendon or at its insertion.

ILIOPSOAS BURSITIS

Iliopsoas bursitis presents as a tender swelling lateral to
the neurovascular bundle in the groin. The pain is
worsened by hyperextension and resisted flexion of the
hip. It is clearly seen on MRI and can be injected with
corticosteroid under ultrasound guidance.

RECTUS FEMORIS ENTHESITIS

Rectus femoris enthesitis occurs in athletes. The pain
localizes to the upper pubic ramus and lower abdomen.
Inflammation is clearly seen on MRI. Conservative mea-
sures and rest help. The tendon may rupture close to its
insertion and require surgical repair.

The knee

MEDIAL KNEE PAIN

Medial collateral ligament strain

Medial collateral ligament strain causes pain and ten-
derness at its insertion into the medial tibia after an injury
and in the overweight with valgus knees. Pain is increased
by exerting a valgus stress on the knee.

Anserine bursitis and pes anserinus tendonosis

Anserine bursitis and pes anserinus tendonosis produce
tenderness behind the line of the medial ligament and
more distally. Rest helps, as does a local corticosteroid
injection.

LATERAL KNEE PAIN

Iliotibial band friction syndrome

Iliotibial band friction syndrome (runner’s knee) is the
most common cause of overuse knee pain in runners and
cyclists. It causes pain and tenderness over the lateral
femoral condyle. It can be injected with steroid if rest and
shoe-wear adjustment do not help.

ANTERIOR KNEE PAIN

Pain in front of the knee usually arises from the patello-
femoral joint.

Prepatellar bursitis

Prepatellar bursitis causes fluctuant swelling in front of
the patella. Aspiration and injection of a corticosteroid
helps if infection has been ruled out. The deep
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infrapatellar bursa lies between the patellar tendon and
the tibia and is locally tender when inflamed.

The superficial infrapatellar bursa lies over the
patellar tendon at its insertion into the tibial tubercle.
Ultrasound-guided aspiration and injection with cortico-
steroid helps.

Patellar tendonosis

Patellar tendonosis (jumper’s knee) causes pain at the
junction of the tendon and the inferior patella. Rest
usually helps.

THE ANKLE AND FOOT

Achilles tendonosis

Achilles tendonosis24 occurs during sport or with a
change from heels to flat shoes or no shoes. It causes pain
and a tender fusiform swelling approximately 2 cm
proximal to the insertion. It is worse in the morning and
when walking. A heel raise and rest are often helpful.
When the pain has reduced, stretching exercises prevent
recurrence. Local corticosteroid injections are contra-
indicated as they may precipitate rupture of the tendon.
Achilles tendon rupture occurs after the age of 50. Con-
servative management in plaster is usual although in the
younger athlete, surgical repair is feasible.25

Achilles tendon enthesitis

Achilles tendon enthesitis causes pain at its insertion into
the calcaneum and is due to overuse or occasionally to
seronegative spondyloarthropathy. Rest and a heel raise
help. Occasionally a low-pressure corticosteroid injection
near the insertion is used.

Plantar fasciitis

Plantar fasciitis26 is an enthesitis which causes pain under
the heel when weight bearing in the overweight, middle-
aged joggers, and those with flat feet. It also occurs in
seronegative spondyloarthropathy. It is always worse in the
morning or after nonweight bearing. There is local ten-
derness in front of the calcaneum. Approximately 30 per-
cent have a plantar spur on a lateral x-ray – plantar spurs
do not always cause pain. Inferior heel pain may also be
due to subcalcaneal bursitis (policeman’s heel) and fat pad
disruption. MRI is rarely indicated but demonstrates the
specific pathology clearly. A heel cup, an arch support, and
thick-soled shoes help. Systematic reviews show no sig-
nificant long-term benefit from corticosteroid injection
versus placebo in plantar fasciitis and symptoms often
settle spontaneously.27 Local corticosteroid injections, with
or without local anesthetic or tibial nerve blockade are
painful.28 The evidence-base for injection is weak.29

Tibialis posterior tendonosis

Tibialis posterior tendonosis causes pain and swelling
behind the medial malleolus during running and dancing,

especially with a flat foot. Longitudinal splits in the ten-
don sometimes lead to a tear which is disabling and
causes sudden flattening of the foot. There may be
tenosynovitis adjacent to the malleolus. Rest helps and a
surgical boot may be needed. An arch support is often
necessary. Ultrasound or MRI clearly demonstrates the
pathology and tenosynovitis can be treated with a local
corticosteroid injection. This is best avoided if there is
significant tendon splitting as it may lead to a full tear.

Tarsal tunnel syndrome

Tarsal tunnel syndrome is an entrapment neuropathy
of the posterior tibial nerve as it rounds the medial
malleolus – see below under Tarsal tunnel syndrome.

Peroneus longus and brevis tendonosis

Peroneus longus and brevis tendonosis cause pain and
tenderness posterior to the lateral malleolus. Rest helps
but corticosteroid injections are occasionally necessary.

Tibialis anterior tenosynovitis

Tibialis anterior tenosynovitis is caused by unaccustomed
walking or running or tight shoes. It causes pain and
crepitus in front of the ankle and over the dorsum of the
foot with swelling which extends across the joint (unlike
synovitis of the ankle joint which bulges to either side of
the extensor tendons). Rest and looser shoes help. A
corticosteroid injection is sometimes necessary.

INJECTIONS FOR PERIPHERAL NERVE
ENTRAPMENT SYNDROMES

Carpal tunnel syndrome

Carpal tunnel syndrome is the most common peripheral
nerve entrapment syndrome and is usually associated
with flexor tenosynovitis. It is common in inflammatory
arthritis and in late pregnancy. Repetitive wrist and hand
activity increases the risk of developing carpal tunnel
syndrome. Its status as a work injury is controversial.30

Pain, tingling, and numbness affect the thumb, index,
middle, and radial side of ring fingers (median nerve
distribution) and typically waken the patient or are pre-
sent on wakening. The fingers feel more swollen than they
appear. There is often intense forearm aching. During the
day it is precipitated by holding a book or newspaper.
Weakness and numbness cause clumsiness. The patient’s
description of the symptoms is often diagnostic.31 When
long-standing, there is wasting of the thenar eminence
affecting flexor pollicis and opponens pollicis and weak-
ness of abduction of the thumb when it is adducted
towards the fifth digit. Tinel’s sign, tapping the median
nerve at the wrist, and Phalen’s test, holding the wrist in
forced dorsiflexion, both produce tingling in the fingers.
Ultrasound or MRI demonstrates the carpal tunnel and
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median nerve well but is rarely necessary. A useful first
approach, which is also diagnostic, is to use a wrist splint
at night. If this relieves or reduces the symptoms, use for a
few weeks may suffice. It is usual to perform nerve con-
duction studies if the diagnosis is in doubt and to check
for nerve damage. Slowing of median nerve conduction at
the wrist suggests demyelination. A reduced or absent
action potential is due to nerve fiber damage and needle
electromyography detects denervation.

INJECTING THE CARPAL TUNNEL

A corticosteroid injection into the carpal tunnel is indi-
cated for mild to moderate carpal tunnel syndrome
although it may recur and some patents opt for surgery.
Insert a blue needle just to the ulnar side of the palmaris
longus tendon (approximately 0.5 cm to the ulnar side of
flexor carpi radialis if palmaris longus is absent) at the
distal wrist skin crease at an angle of 451 pointing towards
the middle finger. Inject local anesthetic superficially, but
not into the carpal tunnel (Figure 29.6). Change syringe
and advance the needle and insert 0.1mL corticosteroid.
If this causes pain in the fingers, the needle is in the
nerve – withdraw slightly and test again. One milliliter of
corticosteroid (usually hydrocortisone acetate 25mg or
depot methylprednisolone 40mg) is injected slowly and
may cause tingling due to a volume effect in an already
tight carpal tunnel.32, 33 Persistent symptoms or sig-
nificant nerve damage require day-case surgical decom-
pression or endoscopic surgery.34 Incomplete recovery
of sensation and/or strength occurs if the lesion is
severe and longstanding. Median nerve compression
occurs less commonly as it passes through pronator teres
in the proximal forearm. The symptoms are different and
rarely bad in the morning. Nerve conduction studies
localize the site of compression, which may need surgical
release.

Tarsal tunnel syndrome

Tarsal tunnel syndrome is an entrapment neuropathy of
the posterior tibial nerve as it rounds the medial mal-
leolus. It causes burning pain and pins and needles in the
toes, sole, and heel on waking. Tinel’s sign is positive
behind the medial malleolus and nerve conduction stu-
dies are diagnostic. Injecting steroid just behind the
medial malleolus into the tibialis posterior tendon sheath
helps.

Meralgia paraesthetica

Meralgia paresthetica is an entrapment neuropathy of the
lateral femoral cutaneous nerve (LFCN) and produces
burning pain, dysesthesia, and numbness of the ante-
rolateral thigh from the trochanter to just above the knee.
It is made worse by sitting and sudden weight increase.
There is no weakness or muscle wasting. It may develop
after pelvic or inguinal surgery, or a direct injury. The
LFCN usually runs under the lateral inguinal ligament
close to the anterior superior iliac spine and superficial to
sartorius. Compression occurs in sartorius or as it
emerges through the fascia lata approximately 10 cm
distal to the anterior superior iliac spine. A lateral L2/3
disk compressing the L2 nerve root mimics the syndrome,
although there is usually also back pain and may be
wasting of vastus lateralis. Electrostimulation to localize
the nerve precisely helps more accurate injection of local
corticosteroid. Avoidance of local causes of pressure and
rest are also helpful. Patients often live with it, especially
when numbness is the only symptom.35

ACUPUNCTURE – DRY NEEDLING

Dry needling techniques using the classical Chinese
approach or a westernized variant which involves need-
ling of tender or ‘‘trigger’’ points are extremely popular.
Two percent of adults in the UK and two million people
in the USA use it annually. It is regarded as safe, although
not without risk, and there is evidence that it has a small
but significant and cost-effective benefit in chronic low
back pain when compared with usual physiotherapy
treatment.36, 37 No sham acupuncture was used so that
the recognized placebo effect of acupuncture cannot be
fully excluded. A recent Cochrane review of acupuncture
in back pain suggests that there is short- to medium-term
pain relief with acupuncture which is greater than that
seen with sham acupuncture.38 In a recent systematic
review and meta-analysis of the use of acupuncture in OA
of peripheral joints, sham-controlled studies support the
use of acupuncture for pain control.39 The strongest data
are for knee OA.40 There is also evidence of a significant
placebo effect from sham acupuncture. The adverse
effects of acupuncture are lower than for many standardFigure 29.6 Injecting the carpal tunnel.
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drug treatments but mild problems may arise in up to 7
percent.41 Nonetheless, its favorable safety profile and
small but proven effect on painful OA of the knee suggest
that it is worthy of consideration.

RADIOACTIVE AND CHEMICAL KNEE
SYNOVECTOMY

In some institutions radioactive synovectomy is carried
out using yttrium (90Y).42 This form of treatment has
been used for many years for the treatment of inflam-
matory and degenerative joint diseases. Other radio-
pharmaceuticals introduced recently are dysprosium-165
(165Dy), holmium-166 (166Ho), samurium-153 (153Sm),
rhenium-188 (188Re), and lutetium-177 (177Lu).43 It is
used after failure of conventional therapy, including cor-
ticosteroid injections, and reduces synovitis. Contra-
indications include pregnancy, breastfeeding, local skin
infection, and a ruptured popliteal cyst. Relative contra-
indications are being under 20 years old, extensive joint
instability, and advanced joint disease. It is usually com-
bined with an intra-articular dose of steroid. Adverse
effects are injection site necrosis, joint infection, and
thrombosis of the immobilized limb.

Osmic acid has also been used as a treatment for
chronic synovitis unresponsive to other forms of treat-
ment44 but may not be as good a treatment as radioactive
synovectomy.45

HYALURONAN INJECTIONS

Hyaluronic acid (HA) is a natural component of synovial
fluid. A variety of different preparations is available for
intra-articular use in OA (viscosupplementation). Intra-
articular injections of hyaluronan are used to reduce
osteoathritic symptoms in the knee. There is evidence that
injections give relief for up to six months, but repeat
courses may not be beneficial.46 The HA may act on
inflammation as well as be a chondroprotectant.47
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KEY LEARNING POINTS

� Facet joint pain is a common cause of axial spinal pain.
� Diagnostic blocks are necessary to establish the

diagnosis.
� Standardized meticulous techniques should be used in

every case.

� Radiological imaging is necessary to identify target and

needle location.
� Review patients for complications, especially after

neurolysis.

INTRODUCTION

Chronic spinal pain, especially involving the lumbar and
cervical regions, is commonly encountered in pain clinic
practice. It has been estimated that 60–70 percent of the adult
population will experience it at some time in their lives.1

The exact diagnosis of low back pain can be difficult.
At the turn of the twentieth century, mechanical disorders
of the sacroiliac joint, such as distraction or dislocation,
were considered common causes for low back pain. In
1911, Goldthwait2 suggested that zygapophyseal or facet
joint disturbances were mainly responsible for low back
pain and instability. Contemporary surgical practice
focused on intervertebral disk herniation as a cause for
low back pain and sciatica.3 As laminectomy and nerve
root decompression did not always relieve symptoms,
interest was directed toward other causes for spinal pain.

In over 85 percent of patients with lumbar and cervical
pain, no specific spinal pathology can be identified as the

cause.4 Both lumbar and cervical zygapophyseal joints
have been considered a significant source of chronic low
back and neck pain.

The term ‘‘facet joint syndrome’’ (lumbar spine) was
first attributed to Ghormley5 in 1933, when he described
this pain syndrome as usually occurring after a sudden
twisting injury to the lumbar spine, producing low back
pain, usually without limb pain referral.

In 1976, Mooney and Robertson6 demonstrated that
the pain patterns resulting from lumbar zygapophyseal
joint injections of hypertonic saline could be relieved by
subsequent intra-articular injections of local anesthetic.
Kaplan et al.7 reported that pain associated with capsular
distension of lumbar zygapophyseal joints was abolished
by local anesthetic lumbar medial branch blocks. A
similar pain syndrome can occur in the cervical spine. In
1990, Aprill and colleagues8, 9 described pain patterns
associated with cervical disease in studies on healthy
volunteers and patients with chronic neck pain.



APPLIED ANATOMY

The reader is referred to the extensive work of Bogduk10, 11

for a detailed description of the anatomy of the zygapo-
physeal joints, and only a brief outline will be given here.
Any two consecutive vertebrae articulate to form three
joints: the large joint between the two vertebral bodies and
the two paired (right and left) zygapophyseal joints, which
are formed between the superior articular process of one
vertebra and the inferior articular process of the vertebra
above. The term ‘‘facet joint’’ is used in clinical practice to
describe these paired synovial joints, which are also refer-
red to as the posterior intervertebral joints.

Posterolaterally, a firm fibrous capsule covers the joint,
while anteriorly the softer ligament flavum contacts the
synovium. Fatty tissue around the exiting spinal nerve is
continuous with that in the superior recess of the joint
providing a direct route to the epidural space. Zagopo-
physeal joint volume in the lumbar spine is in the order of
1–2mL. If larger volumes are injected, this can produce
capsular distension and spread directly into the epidural
space, confounding any observed results from diagnostic
blocks. Drugs injected on one side can spread con-
tralaterally at that level, or to an adjacent level on the
same side.12 The zygapophyseal joints help to resist the
associated shearing movements with forward flexion and
the compressive forces with rotational spinal movements.

The nerve supply of the zygapophyseal joints is derived
from the posterior primary ramus of the nerve root. The
spinal nerve divides into anterior (ventral) and posterior
(dorsal) rami as it emerges through the intervertebral
foramen (Figure 30.1).

The medial branch of the posterior primary ramus is
responsible for joint sensation. Innervation from the
medial branch divides to supply the lower pole at its own
level, and also the upper pole of the joint below. Terminal

branches of the medial branch nerve supply the ligaments
and periosteum of the vertebral arches posterior cervical
muscles, as well as the multifidus and interspinalis mus-
cles. Successive medial branches from above and below
supply each joint. This dual-segment innervation has
important implications for zygapophyseal nerve block
and denervation procedures, as both branches need to be
blocked to completely denervate a single joint.

The course of the medial branch of the posterior
ramus is fixed anatomically at two points: at its origin
near the superior aspect of the base of the transverse
process and distally where it emerges from the canal
formed by the mammilloaccessory ligament.

In the cervical spine, nerves supplying the zygapo-
physeal joints only make a small contribution to cervical
posterior muscle sensation.13

INDICATIONS

The zygapophyseal facet joints are regarded as a common
source of spinal pain, particularly in the lumbar and
cervical regions.10, 11, 13, 14, 15 The clinical diagnosis of
zygapophyseal joint pain is poorly defined and non-
specific. Features of zygapophyseal joint pain include:

� deep, dull, aching pain;
� uni- or bilateral;
� paravertebral tenderness;
� associated muscle spasm;
� lateral bending or rotational movements increase

pain intensity;
� extension rather than flexion movements increase

pain intensity;
� Valsalva maneuver and straight-leg raising (SLR) do

not affect pain intensity;
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Figure 30.1 Zygapophyseal joint anatomy.
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� segmental referral pattern in relation to the joint of
origin.

Cervical zygapophyseal joint pain occurs in the following
regions.

� occiput and behind ear C1/2;
� vertex and upper neck C2/3;
� posterolateral neck C3/4;
� supraclavicular fossa C4/5;
� deltoid C5/6;
� posterior scapular C6/7.

Lumbar zygapophyseal joint pain commonly occurs in the
following regions.

� groin T12/L1;
� hips L1/2;
� buttocks L2/3;
� thighs L3/4.

Clinical history and examination, including radio-
logical investigations such as computed tomography
(CT) scans, are not particularly useful in its accurate
diagnosis.16, 17

Relief of pain rather than provocation of pain is con-
sidered the more reliable test.18 Either intra-articular
injections at the suspected painful level, using 1–2mL of
local anesthetic, or medial branch nerve blocks using
0.5–1mL of local anesthetic, are used to achieve this. Care
should be taken to avoid false-positive results, which can
confound the interpretation of the procedure, particularly
if neurolysis is planned after diagnostic blocks. Excessive
doses of local anesthetic can result in spread to other
structures, such as the epidural space, producing a false-
positive result. Vascular uptake of local anesthetic from
the site of injection, by reducing the effective drug dose,
can result in a false-negative result. Psychological factors
associated with the block can form a false sense of
expectation that their pain will be relieved. Some indivi-
dual patients are therefore likely to have false-positive
results. False-positive rates in patients undergoing diag-
nostic blocks have been reported to be between 25 and 50
percent.19, 20[II], 21[II]

Repeat blocks using different local anesthetics with
different duration of action, or placebo blocks with saline,
are sometimes used to try and overcome these hurdles.
This is particularly important in patients with suspected
secondary gain phenomena. However, such methods are
not without ethical problems and should be undertaken
only after careful consideration and discussion with
patients and their advisors.

Zygapophyseal joint blocks should be performed in a
meticulous standardized manner to determine the site of
pain generation and avoid the subjectivity associated with
clinical assessment.

CONTRAINDICATIONS

The same contraindications apply to zygapophyseal
blocks as for any other block used in pain management
and include:

� coagulopathy;
� infection (systemic or local site);
� pregnancy (x-rays);
� allergy (contrast media or local anesthetics).

LIMITATIONS OF TREATMENT

Informed consent for the procedure should be obtained
and the patient advised that the procedure is primarily
diagnostic rather than therapeutic. It is important not to
build up expectations or introduce bias before carrying
out the procedure, which is ideally carried out using a
placebo control. Patients should be advised to record the
duration of any pain relief obtained.

The aim of any zygapophyseal joint block is either to
anesthetize the target joint by intra-articular injection of a
small dose of local anesthetic or to block the medial
branch that innervates the joint. The practical preparation
of the patient is similar for both lumbar and cervical
spines, but differences in technique due to the anatomy of
each region will be described.

PREPARATION FOR ZYGAPOPHYSEAL BLOCKS

The following should be available:

� resuscitation facilities;
� procedure room with C-arm fluoroscopy;
� needles, sterile basic pack;
� skin preparation solutions;
� local anesthetics;
� radiographic contrast media.

Patients should understand what to expect during and
after the procedure. In particular, they should be aware
that the procedures are carried out while awake, as
cooperation and verbal contact are needed to determine
provocation of pain and analgesia during and after the
procedure. Skin infiltration with local anesthetics will
reduce pain associated with needle passage during loca-
lization of the target joints, but care should be taken
to avoid deep infiltration of anesthetic solution and
interference with the block.

Fluoroscopy screening of needle insertions is manda-
tory. Skill is needed in the correct and safe use of a
fluoroscopic C-arm, so as to direct the x-ray beam at
variable angles to the identified target. Any changes in
either depth or direction of the needle are immediately
checked by screening. The use of a water-soluble contrast
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medium can assist this. A printed image showing posi-
tioning of the needle in two planes, with or without
contrast, is desirable, particularly when a neurolytic
procedure is being undertaken.

The procedure is performed aseptically after adequate
skin preparation using an iodine-based solution, chlor-
hexidine, or alcohol-based antiseptic (e.g. chlorhexidine
0.5 percent in 70 percent alcohol). Sterile drapes for the
patient and C-arm and a minimal-touch technique
should be adhered to. Skilled radiographic assistance with
a knowledge of the particular screening projections
required is desirable and proper x-ray safety guidance
should be followed for the protection of staff and patients.
Special thin radioabsorbent sterile gloves and protective
eyewear can be worn by the operator to reduce personal
absorption of radiation during the procedure.

A 22–25-gauge spinal needle may be used for intra-
articular injections, whereas medial branch blocks and
radiofrequency procedures are generally carried out using a
22-gauge needle. Longer needles (100mm) are generally
required for lumbar procedures, whereas shorter needles are
sufficient for cervical procedures. Obese patients may require
longer needles and use of Luer-lock needles and extension T-
connectors can help reduce both needle movements, and
radiation exposure to the operator’s hands, especially when
contrast is being injected during screening. Verbal contact is
maintained with the patient throughout the procedure and
sedation is avoided. Staff familiar with the procedure should
be present to assist the operator. Routine noninvasive
monitoring of the patient should include electro-
cardiography, blood pressure, and heart rate during the
procedure. This is particularly important during cervical
procedures, during which sudden untoward cardiovascular
changes or transient loss of consciousness could occur during
injection of local anesthetics. Precision is required and
screening with the C-arm should be carried out to check
every change of needle position. Patients are usually dis-
charged accompanied by an adult escort from the Day
Procedure Unit between 30 and 60 minutes after the
procedure, provided observations are satisfactory.

Lumbar zygapophyseal blocks

For lumbar procedures, the patient is initially placed
prone, with a pillow under the upper abdomen and the
legs slightly abducted.

INTRA-ARTICULAR BLOCKS

Patients must be positioned so that an oblique view of the
lumbar spine is obtained (Figure 30.2). The patient either
has to lie in a semi-prone position on the x-ray-translu-
cent table with a pillow under the abdomen or, more
commonly, the C-arm may be rotated to direct the beam
obliquely through the target area. This view is necessary
to visualize the joint cavity, which must be seen clearly at

the target level and can require up to a 451 oblique pro-
jection from the sagittal plane. This angle decreases as the
spine is ascended.

The joint to be blocked should be identified and marked.
Following skin preparation, local anesthetic is infiltrated into
the skin and deeper tissues over the joint. The block needle
is inserted in the line of sight along the direction of the x-ray
beam, with its target being the midpoint of the joint.
Contact with bone should be achieved to allow a depth
assessment of the target joint. The needle is then guided to
the joint cavity, when some ‘‘give’’ is initially felt on entry,
followed by a firmer gripping sensation on the needle tip. A
small amount of contrast (not more than 0.3mL) is injected
to produce an arthrogram. This is seen as either a slit or
dumb-bell shape in outline, and confirms intra-articular
location of the needle. At this point the C-arm can be
rotated in the sagittal plane to confirm that the needle is
indeed located in an intra-articular position. Up to 1.5mL
of local anesthetic or a mixture of local anesthetic with
steroid is injected.

MEDIAL BRANCH BLOCKS

Initially an anteroposterior view is used and the C-arm is
rotated obliquely through 151 in order to visualize the
target point of the medial branch nerves. The ‘‘Scottie
dog’’ image is seen with the target point lying high on the
‘‘eye’’ of the ‘‘dog’’ (Figure 30.1).

The spinal needle or radiofrequency electrode is
introduced in the line of sight along the direction of the
x-ray beam. The skin entry point is at the junction
between the upper edge of the transverse process and the
lateral edge of the superior articular process. Contact is
made with bone at this target junction, then the needle is
redirected more cephalad and laterally until loss of bone
contact occurs in this groove (Figures 30.3 and 30.4).
Lateral x-ray views are taken to check the depth of the

Figure 30.2 Positioning of C-arm for ‘‘line of vision’’

introduction of needle toward target in lumbar spine.
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needle or electrode, which should lie level with a line
joining the posterior intervertebral part of the inter-
vertebral foramina. If it lies anterior to this line it should
be withdrawn and rechecked on screening.

The preferred technique is to use a radiofrequency elec-
trode or insulated (Pole) needle to permit sensory threshold
testing. Stimulation at 50Hz to detect proximity to the
medial branch nerve should be elicited below 0.5V, and this
is repeated at 2Hz to exclude proximity to the emerging
segmental spinal nerve. No motor stimulation should be
detected at up to 2V. When both sensory threshold testing
and radiographic screening in oblique and lateral views
indicate satisfactory electrode positioning, a small volume of
contrast medium (0.2mL) can be injected to exclude any
vascular uptake. If this is satisfactory, 0.5–1.0mL of local
anesthetic is then injected to produce a diagnostic block. If
performing radiofrequency neurolysis, a lesion can be made
for 60 s at 801C using a temperature-controlled electrode.
Both medial branch nerves which supply the target joint are
blocked separately (above and below the joint).

Cervical zygapophyseal blocks

For cervical procedures, the patient is placed in the supine
position with the head and neck slightly extended.

INTRA-ARTICULAR BLOCKS

The neck is screened using a lateral view and adjusted
until the outline of both the right and left articular pillars
are superimposed (absence of double image). It is then
necessary to rotate the C-arm slightly to separate the
images. This is confirmed when the intervertebral for-
amina and associated zygapophyseal joints are easily seen.
Preparation and draping can be carried out once the C-
arm has been set up in the appropriate position. After
infiltration of the skin with local anesthetic at the entry
site, the block needle is directed toward the target joint,
already identified by radiographic screening.

This is achieved by carefully observing the image
during tilting of the beam from the lateral to oblique

MB

MB

A

A

Figure 30.3 Needle positioning for lumbar intra-articular

zygapophyseal and medial branch blocks. Medial branches (MB)

of the dorsal rami, and articular branches (A) are shown on the

left, with needles placed L3–4, L4–5, and L5 S1 on the right.

Reproduced with permission from Bogduk N. Back pain:

zygapophyseal blocks and epidural steroids. In: Cousins MJ,

Bridenbaugh PO (eds). Neural blockade in clinical anesthesia
and management of pain, 2nd edn. Philadelphia, PA: JB

Lippincott 1998: 935–46.

(a) (c)(b)

Figure 30.4 X-rays for lumbar medial branch blocks: showing needle positions in: (a) oblique; (b) AP; and (c) lateral views.
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position while the needle is in contact with bone. The
joint image will appear to move in the same direction as
the needle, confirming the correct target image. The
degree of C-arm tilt that gives the clearest image, with the
widest joint cavity view, should be used before attempting
to enter the joint. A true lateral view should be obtained
to avoid the risk of passing the needle through the spinal
canal toward the opposite side.

To assure safety during the procedure, the needle
should be in contact with bone on either the superior or
inferior articular process of the target joint, and then
toward the joint edge and into the joint cavity, when it is
felt to ‘‘give.’’ An arthrogram using not more than 0.3mL
of contrast confirms positioning when a sigmoid shape
can be seen. Up to 1.5mL of local anesthetic or anesthetic
and steroid is then injected into the joint.

For C2–3 joints the lateral view will not show the
target joint cavity particularly well, and it is necessary to
turn the patient’s head from the neutral position into the
table to give a better view of the joint cavity, which slopes
downwards and medially.

MEDIAL BRANCH BLOCKS

The C-arm is initially positioned in the anterior–posterior
projection and then rotated obliquely to approximately
201 and 101 caudocranially (Figure 30.5). This is to direct
the x-ray beam parallel to the axis of the intervertebral
foramen, and so the emerging segmental nerves will also
be parallel to the x-ray beam.

As the posterior primary ramus traverses the base of
the superior articular process, which is easily viewed in
this projection, it allows the operator to safely judge the
depth between the segmental nerve and the needle tip.
The entry site is behind the posterior border of the facet
column and slightly below the target joint. The needle or
electrode is advanced anteriorly and cranially to make

bone contact with the posterior facetal column; the
C-arm is then rotated to obtain an anteroposterior view.
The tip of the needle should lie at the ‘‘waist’’ of the
articular pillars on the target joint (Figures 30.6 and 30.7).

Electrical sensory threshold testing is then carried out
as for the lumbar spine. Stimulation at 50Hz should elicit
sensation in the neck at below 0.5 V, and at 2Hz there
should be absence of motor stimulation at up to 2V. A
diagnostic block using 0.5–1.0mL of local anesthetic is
performed, after which a radiofrequency thermal lesion at
801C for 60 s can be made if desired.

COMPLICATIONS OF ZYGAPOPHYSEAL BLOCKS

Most patients will experience nothing more than local
muscular pain for several days after the procedure, but in
addition the following have all been reported:

� motor block from spinal anesthesia;
� meningitis due to chemical irritation;
� hematoma around the injection site, particularly in

cervical spine procedures;
� transient ataxia and disturbed gait after upper

cervical blocks;
� postdenervation pain and dysesthesia;
� local anesthetic reactions;
� superficial skin infections;
� skin burns from faulty electrodes.

Figure 30.5 Positioning of C-arm for ‘‘line of vision’’

introduction of needle toward target in cervical spine.

T1

C7

MB

A

G LAAJ
C1

TONC2VR

Figure 30.6 Needle placement for cervical medial branch and

intra-articular zygapophyseal blocks. Posterior view showing C2

ganglion (G) location behind the lateral atlantoaxial joint (LAAJ),

C2 anterior ramus C2 UR, courses of the medial branches (MB)

of the cervical dorsal rami and articular branches (A), 3rd

occipital nerve (TON). Needles show position for blocking. C4

and C6 medial branches and 3rd occipital nerve. Lateral view

showing needle directed into C5–6 zygapophyseal joint.

Reproduced with permission from Bogduk N. Back pain:

zygapophyseal blocks and epidural steroids. In: Cousins MJ,

Bridenbaugh PO (eds). Neural blockade in clinical anesthesia
and management of pain, 2nd edn. Philadelphia, PA: JB

Lippincott 1998: 935–46.
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Complications from radiofrequency lumbar facet dener-
vation are uncommon if the procedure is performed
carefully and with precision. Postprocedure neuritis,
which is often described as a deep sunburn-like feeling in
the area of the lesion, can occur after radiofrequency
neurolysis and is often distressing to patients. This
usually resolves within six to eight weeks, and the
majority of patients only require reassurance. The etiol-
ogy is unknown but may be related to the denervation of
the lateral branch, as well as the medial branch fibers. If
it is particularly distressing, a short (two-month) trial of
a membrane-stabilizing drug such as gabapentin or
pregablin can be helpful. Regeneration of the medial
branch nerve may be responsible for the return of pain
in patients who initially achieved good pain relief after
denervation.

Relying on these interventional procedures alone is not
usually sufficient to achieve prolonged relief of pain. They
are best carried out in conjunction with ongoing phy-
siotherapy and pain management treatments in order to
maintain any symptomatic improvements achieved from
a reduction in spinal nociceptive input.

EVIDENCE FOR THE USE OF ZYGAPOPHYSEAL
JOINT BLOCKS

The reported results from zygapophyseal joint blocks vary
considerably. The results of cervical spine procedures tend
to be more favorable than the results of procedures in the
lumbar area (69–86 versus 16–69 percent effectiveness).22

[V] Similar outcomes have been reported whether intra-
articular or medial branch blocks have been carried out.23

[II], 24[II] Manchiikanti et al.25[III] reported effective
management of chronic neck pain using cervical medial
branch blocks in a prospective outcome study. Sluijter
and Koetsveld-Baart26[V] investigated radiofrequency
lesioning of cervical zygapophyseal joints and/or the
dorsal root ganglion in patients with chronic neck pain
and cervicobrachalgia. They reported more than 40 per-
cent pain relief in 60 percent of the patients treated. Lord
et al.27[II] observed that 70 percent of patients achieved
effective pain relief following lower cervical denervations,
compared with 44 percent who had upper cervical
denervations in an open prospective study, with selection
based on relief of pain after diagnostic medial branch
nerve blocks. In a randomized, controlled, double-blind
trial of chronic lower cervical spine pain after whiplash
injury, Lord et al.28[II] found that the duration of pain
relief was greater when radiofrequency medial branch
denervation was carried out compared with local anes-
thetic nerve blocks alone. The median time that elapsed
before the pain returned to at least 50 percent of the
preoperative level was 263 days in the active-treatment
group and eight days in the control group.

In a population of patients with chronic low back pain
who received intra-articular blocks with local anesthetics,
Mooney and Robertson6 demonstrated 60 percent initial
relief, with 20 percent continuing to have complete relief
at six months. Silvers29 was unable to demonstrate any
benefit from using blocks with dilute phenol compared
with local anesthetic and steroid. In randomized-con-
trolled trials, Carette et al.30[II] demonstrated that zyga-
pophyseal joint injections of corticosteroids were of no
value in patients with low back pain, while Gallagher
et al.,20[II] on the efficacy of radiofrequency denervation
in patients with chronic low back pain, reported a sig-
nificant improvement in pain scores after denervation
compared with placebo. Dreyfuss et al.31[III] showed that,
in patients who had been carefully selected by controlled
diagnostic blocks, test sensory stimulation prior to
lesioning of lumbar medial branch nerves was unneces-
sary to achieve a good outcome after radiofrequency
lesioning. Lesion accuracy was demonstrated by multi-
fidus muscle electromyography performed before and
after lesioning. In this well-conducted study with
experienced operators, careful electrode placement using
fluoroscopy alone, without sensory testing, was associated
with effective reduction of pain, with 60 percent of
patients obtaining at least 90 percent relief of pain at 12
months, and 87 percent obtained at least 60 percent relief.

(b)

(a)

Figure 30.7 X-rays for cervical medial branch blocks: showing

needle positions in (a) AP and (b) lateral views.
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Recently, studies have focused on the use of ultrasound
rather than fluoroscopy for lumbar medial branch blocks,
but further studies are needed to detect intravascular
uptake.32, 33, 34

CONCLUSIONS

There is good evidence that facet joint or medial branch
blocks can alleviate chronic spinal pain of facet joint
origin. These confirm the diagnosis, and longer pain relief
can be achieved by denervation, usually with radio-
frequency lesioning. Although these procedures are not
overly difficult to perform, a standardized, meticulous
technique, based on applied anatomy and supported by
radiological imaging, should be used. Procedures should
be carried out in an environment with immediately
available resuscitation facilities.

REFERENCES

1. Epidemiological evidence on back pain. Report of a CSAG

Committee on Back Pain. London: HMSO Publications

Centre, 1994: 9–21.

2. Goldthwait JR. The lumbosacral articulation: an

explanation of many cases of lumbago, sciatica and

paraplegia. Boston Medical and Surgical Journal. 1911;
164: 365.

3. Mixter WJ, Barr JS. Rupture of the intervertebral disc with

involvement of the spinal canal. New England Journal of
Medicine. 1934; 211: 210–15.

4. Bardense GAM, Weber W, van Kleef M. Treatment of spinal

pain by means of radiofrequency procedures – Part I: The

lumbar area. Pain Reviews. 1999; 6: 143–54.
5. Ghormley RK. Low back pain with special reference to the

articular facet, with presentation of an operative

procedure. Journal of the American Medical Association.
1933; 101: 1773–7.

� 6. Mooney V, Robertson J. The facet syndrome. Clinical
Orthopaedics and Related Research. 1976; 115:
149–56.

7. Kaplan M, Dreyfuss P, Halbrook B et al. The ability of

lumbar medial branch blocks to anesthetize the

zygapophysial joint: a physiologic challenge. Spine. 1998;
23: 1847–52.

� 8. Dwyer A, Aprill C, Bogduk N. Cervical zygapophyseal joint

pain patterns. I. A study in normal volunteers. Spine. 1990;
15: 453–7.

� 9. Aprill C, Dwyer A, Bogduk N. Cervical zygapophysial joint pain

patterns. II. A clinical evaluation. Spine. 1990; 15: 458–61.
10. Bogduk N. The lumbar vertebrae. In: Clinical anatomy of

the lumbar spine and sacrum, 3rd edn. London: Churchill

Livingstone, 1997: 1–11.

11. Bogduk N. The clinical anatomy of the cervical dorsal rami.

Spine. 1982; 7: 319–30.

12. McCormick CC, Taylor JR, Twang LT. Facet joint

arthrography in lumbar spondylosis: anatomic basis for

spread of contrast medium. Radiology. 1989; 171: 193–6.
13. Bogduk N, Long DM. The anatomy of the so-called

‘‘articular nerves’’ and their relationship to facet

denervation in the treatment of low back pain. Journal of
Neurosurgery. 1979; 51: 172–7.

14. Raymond J, Dumas J. Intra-articular facet block:

diagnostic test or therapeutic procedure? Radiology. 1984;
151: 333–6.

15. Bogduk N, Marsland A. The cervical zygapophysial joints as

a source of neck pain. Spine. 1988; 13: 610–17.
16. Schwarzer AC, Aprill CN, Derby R et al. Clinical features of

patients with pain stemming from the lumbar

zygapophysial joints. Is the lumbar facet syndrome a

clinical entity? Spine. 1994; 19: 1132–7.
17. Schwarzer AC, Wang S, O’Driscoll D et al. The ability of

computed tomography to identify a painful zygapophysial

joint in patients with chronic low back pain. Spine. 1995;
20: 907–12.

18. Schwarzer AC, Derby R, Aprill CN et al. The value of the

provocation response in lumbar zygapophysial joint

injections. Clinical Journal of Pain. 1994; 10: 309–13.
19. Barnsley L, Lord S, Wallis B, Bogduk N. False positive rates

of cervical zygapophysial joint blocks. Clinical Journal of
Pain. 1993; 9: 124–30.

20. Gallagher J, di Vadi PLP, Wedley JR et al. Radiofrequency
facet joint denervation in the treatment of low back pain:

a prospective controlled double-blind study to assess its

efficacy. The Pain Clinic. 1994; 7: 193–8.
21. North RB, Kidd DH, Zahurak M, Pantiadosi S. Specificity of

diagnostic nerve blocks: a prospective, randomized study

of sciatica due to lumbosacral spine disease. Pain. 1996;
65: 77–85.

22. Pawl RP. Headache, cervical spondylosis, and anterior

cervical fusion. Surgery Annual. 1977; 9: 391–408.
� 23. Marks RC, Houston T, Thulbourne T. Facet joint injection

and facet nerve block. A randomised comparison in 86

patients with chronic low back pain. Pain. 1992; 49:
325–8.

� 24. Barnsley L, Lord S, Wallis B, Bogduk N. Lack of effect of

intraarticular corticosteroids for chronic pain in the

cervical zygapophyseal joints. New England Journal of
Medicine. 1994; 330: 1047–50.

25. Manchikanti L, Manchikanti KN, Damron KS, Pampati V.

Pain effectiveness of cervical medial branch blocks in

chronic neck pain: A prospective outcome study. Pain
Physician. 2004; 7: 195–201.

26. Sluijter ME, Koetsveld-Baart CC. Interruption of pain

pathways in the treatment of the cervical syndrome.

Anesthesia. 1980; 35: 302–07.
27. Lord SM, Barnsley L, Bogduk N. Percutaneous

radiofrequency neurotomy in the treatment of cervical

zygapophyseal joint pain: a caution. Neurosurgery. 1995;
36: 732–9.

� 28. Lord SM, Barnsley L, Wallis BJ et al. Percutaneous
radiofrequency neurotomy for chronic cervical

368 ] PART II THERAPEUTIC PROTOCOLS



zygapophyseal joint pain. New England Journal of
Medicine. 1996; 335: 1721–6.

29. Silvers RH. Lumbar percutaneous facet rhizotomy. Spine.
1990; 15: 36–40.

� 30. Carette S, Marcoux S, Truchon R. A controlled trial of

corticosteroid injections into facet joints for chronic low

back pain. New England Journal of Medicine. 1991; 325:
1002–07.

31. Dreyfuss P, Halbrook B, Pauza K et al. Efficacy and

validity of radiofrequency neurotomy for chronic

lumbar zygapophysial joint pain. Spine. 2000; 25:
1270–7.

32. Greher M, Scharbert G, Kamolz LP et al. Ultrasound-guided
lumbar facet nerve block: A sonoanatomic study of a new

methodological approach. Anesthesiology. 2004; 100:
1242–8.

33. Greher M, Kirchmair L, Enna B et al. Ultrasound-guided
lumbar facet nerve block: Accuracy of a new technique

confirmed by computed tomography. Anesthesiology.
2004; 101: 1195–200.

34. Jae-Kwang Shim, Jin-Cheon Moon, Kyung-Bong Yoon

et al. Ultrasound-guided lumbar medial-branch block: A

clinical study with fluoroscopy control. Regional
Anesthesia and Pain Medicine. 2006; 31: 451–4.

Chapter 30 Facet (zygapophyseal) joint injections and medial branch blocks ] 369



31
Intrathecal drug delivery

JON RAPHAEL AND KATE GRADY

Introduction 370

Types of intrathecal drug delivery systems 370

Implantation equipment 371

Preimplantation trialling 372

Therapeutic context and conduct of the technique 372

Operative technique 373

Complications of intrathecal drug delivery and side

effects of drugs 376

References 377

KEY LEARNING POINTS

� Intrathecal drug delivery for chronic pain and spasticity

is a scientifically rational and evidence-based therapy.
� A drug delivery mechanism and energy source is needed

and increasing levels of sophistication are required for

different circumstances.
� Selection for these therapies is crucial to optimal

outcome and requires experienced multidisciplinary

teams.

� Complications can be related to equipment, drugs, and

comorbidities.
� Careful attention to operative detail reduces

complications.
� Centers undertaking this therapy need to provide long-

term aftercare to avoid drug withdrawal.

INTRODUCTION

Chronic spinal administration of selected analgesics and
antispasmodics has advantages over systemic delivery for
pharmacodynamic and pharmacokinetic reasons. Fur-
thermore, there is a body of clinical research that supports
this mode of delivery for certain agents (see Chapter 21,
Spinal administration in the Chonic Pain volume of this
series). This chapter describes the practical details of
management of chronic intrathecal drug delivery.

TYPES OF INTRATHECAL DRUG DELIVERY
SYSTEMS

Various types of chronic intrathecal administration are
feasible.1 From the least sophisticated to the most they are
as follows.

1. Percutaneous systems with or without
subcutaneous tunnelling (e.g. Portexs

catheter). This might be injected periodically by
bolus or connected to an external infusion device
with programmable facilities (e.g. CADD
microTM).

2. A totally implanted intrathecal catheter with a
subcutaneous injection port which acts as an
access port (e.g. PORT-A-CATHs).

3. A system that involves both a totally implanted
catheter and implanted manually activated pump
(e.g. AlgoMedTM).

4. A totally implanted catheter and pump, with the
pump providing continuous delivery (e.g.
InfusaidTM).

5. A totally implanted catheter with an implanted
programmable infusion pump (e.g.
Synchromeds).



The first two are more applicable where life expectancy is
limited and the costs of implanted devices are an issue or
where prolonged trialling is necessary before deciding on
permanent drug delivery. This might be the case in some
cases of chronic nonmalignant pain with psychological
factors or when trialling of ziconotide is needed due to
the slow titration necessary with this agent. In general,
implanted pumps are preferred because of the reduced
infection rate and lower maintenance.

IMPLANTATION EQUIPMENT

The primary objective of long-term intrathecal drug
delivery of analgesics or antispasmodics is control of
symptoms through maintenance of drug levels within an
effective range. Totally implanted intrathecal drug deliv-
ery systems require a spinal catheter and a drug reservoir
driven by an energy source.

The catheters are either silastic alone or with an
additional reinforcement of coiled titanium wire to
prevent kinking.

Since implantable drug pumps are designed for use in
chronic conditions, the power source must be recharge-
able or have a lifetime of adequate length so that surgical
revision for battery replacement is infrequent. There are
four types of pumps commercially available for implan-
tation: two of these have programmable rates of delivery
and two are constant flow rate devices.

Programmable pumps

The energy source is a battery and flow control is by
means of a peristaltic method. These allow for additional
operating control, sensing, recording, and disseminating
information to a processing unit which allows for algo-
rithms, to compensate for pressure and temperature
changes. A patient-activated reservoir can be included.
These devices permit noninvasive rate change and allow
for the varying of rates with time through the day. It is
also feasible to noninvasively stop the pump, provided
there is access to the programmer.

Constant flow pumps

There are two types of constant flow pump: one gas-
driven and the other reliant upon a polymeric diaphragm.

Gas-driven pumps

These have a flexible bellows which acts as the drug
reservoir and is surrounded by a chamber of a volatile
liquid. Body heat warms the liquid and generates a
pressure. The vapor pressure of the volatile liquid then
compresses the bellows. In effect, the systems driving

energy are replenished when the bellows is refilled with
drug as this compresses the pump and so the vapor
condenses. Flow restrictors convert a constant pressure
into a constant flow as a function of capillary dimensions
and viscosity. The latter is a function of temperature with
modest reductions in viscosity and consequent increases
in flow rate as temperature rises. This is of the order of a 2
percent decrease for every degree temperature increase. In
comparison, vapor pressure changes are more significant
(see Box 31.1).

The most common volatile agent used is N butane as
its vapor pressure is less subject to changes in tempera-
ture; nevertheless at 411C, flow rate would be predicted to
rise by up to 20 percent.2

Diaphragmatic pumps

These are engineered to produce a constant force over the
displacement range, unlike conventional diaphragms
which generate a higher pressure at the beginning of the
delivery stroke. In contrast to gas-driven pumps, in which
the metallic reservoir shields the volatile liquid from
ambient pressure, there is no such effect with diaphrag-
matic pumps. As a consequence, the reservoir pressure
is independent of ambient pressure. Therefore, only
viscosity is affected by temperature change (see Box 31.2).

Box 31.1

The pressure difference driving flow, dP=capillary
inlet pressure, Pi – capillary outlet pressure, Po

Pi ¼ Pr þ Pa

where Pr is the reservoir pressure and Pa is the
ambient pressure

Po ¼ Pcsf þ Pa;

where Pcsf is cerebrospinal fluid pressure

dP ¼ ðPr þ PaÞ � Pcsf þ PaÞ
dP ¼ ðPr þ PaÞ � Pa;

assuming Pcsf is negligible.
For gas-driven pumps, the metallic case negates

the effects of ambient pressure upon the volatile
liquid. Therefore,

dP ¼ Pr � Pa

and so falls in ambient pressure increase pressure
differential and result in increased drug delivery.
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Comparison of programmable and constant
flow rate pumps

Constant flow pumps are simpler and cheaper than
programmable pumps, even without taking account of
the replacement costs of battery-operated programmable
pumps; however, they are less sophisticated and it is
necessary to alter drug concentration to change the dose
per unit time. The patient with a gas-driven pump should
be cautious in taking saunas or using sunbeds as the
temperature increase may result in an increase in the rate
of delivery of the drug. Both the reservoir and catheter of
constant flow pumps need to be emptied for magnetic
resonance imaging (MRI) investigations, as temperature
rise could lead to increased drug delivery.

On the other hand, the sophistication of program-
mable pumps increases the complexity with risk of
human error in programming and requires battery
replacement with risks of infection from the need for
reoperation.

The advantages and disadvantages of programmable
and constant flow pumps are summarized in Tables 31.1
and 31.2.

PREIMPLANTATION TRIALLING

One of the advantages of spinal therapy is the ability to
use it for a trial period, prior to permanent pump
implantation. This gives the patient and clinical team the
opportunity of assessing the effects of the therapy on both
the level of pain or spasticity and the functional effects.
Different techniques have been used for trialling; both
epidural and intrathecal routes and by single bolus,
repeated bolus, and continuous infusions of medica-
tions.3 It is not possible to determine if trialling improves
outcome since patients who fail the trial do not get
implanted. Selection criteria differ between institutions
with various types of neurosurgical and psychological

assessments. Nevertheless, a trial is valuable since a
negative response may avoid an operation unlikely to
benefit the patient. However, a positive response in the
short term cannot be expected to determine long-term
outcome alone and reliance of multidimensional assess-
ment is advisable (see Chapter 21, Spinal administration,
in the Chronic Pain volume of this series).

Where an objective physiological measure is available,
such as in spasticity, or where pain produces a reversible
functional deficit, then bolus tests are acceptable. How-
ever, the placebo effect should be borne in mind and
repeated testing, either with different doses to look for a
concordant response or with saline, is recommended.4

Infusions mimic the status postpump implant more
closely and are preferred by some. However, there can be
problems during the trial if placebo testing is required, as
it is not possible to know when the active drug ceases to
have an effect and placebo starts. Perhaps the most
valuable use of infusions is to determine the dose
requirements when the pump is implanted, although this
can be estimated from daily bolus dose requirements.

THERAPEUTIC CONTEXT AND CONDUCT OF THE
TECHNIQUE

The context and conduct of the technique must be care-
fully considered. Intrathecal drug delivery is one of pain

Box 31.2

dP ¼ ðPr þ PaÞ � ðPcsf þ PaÞ
dP ¼ ðPr þ PaÞ � Pa:

assuming Pcsf is negligible.
For diaphragmatic pumps, ambient pressures

equate. Therefore

dP ¼ Pr

and so diaphragmatic pumps are independent of
changes in ambient pressure. Table 31.2 Advantages and disadvantages of constant flow

pumps.

Advantages Disadvantages

Cheaper Cannot stop immediately

Simpler Require refilling to titrate

No replacement (less

infection risk)

Less information if

troubleshooting

Larger volume Cannot vary rate through the

day

Higher flow rates More difficult to manage with

MRI

Table 31.1 Advantages and disadvantages of programmable

pumps.

Advantages Disadvantages

Noninvasive rate change Expensive

Controllable (purging, titration) Bulk

Vary rates through the day Replacement cost

Infection risk with

replacement surgery

Interrogation Human errors with

programming

Easier to manage with MRI Computer required for refill
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medicine’s more interventional methods. As such, it is a
commitment on the part of patient and carers to discuss
the pros and cons of this mode of drug delivery in
keeping with best practice.5, 6 Resources should be plan-
ned and funded. Intrathecal drug delivery should be
undertaken in a multiprofessional context, with all team
members having a role in selection, the delivery of
ongoing care, and the management of complications. The
implanter and technical members of the team, such as
refillers, should have a sufficient caseload to maintain
technical expertise.

The composition of the team would vary depending on
the condition to be treated. For example, the clinicians
caring for the patient’s primary condition, i.e. the pain
medicine team, together with those in the rehabilitation,
neurology, or palliative care who are essential to decision-
making and ongoing care. Psychology, physiotherapy,
pharmacy, and microbiology expertise should be avail-
able. The patient’s primary care physicians and members
of the primary care team should be involved. The
implanter and refiller should be specifically trained in
these roles and other carers fully conversant with the
technique. All staff should be educated in the day-to-day
care and the recognition and management of complica-
tions. Networks and mentoring systems may provide
support, education, and advice. Support should be in
place for critical care if necessary.

Implanting centers should have adequate theater and
postoperative care facilities, not only for implantation but
also for the immediate management of complications.
There should also be protocols for the immediate treat-
ment of and referral of complications to appropriate
centers, for example back to the implanting center and, if
that center does not have it, access to neuroradiological
and neurosurgical expertise. It should be recognized that
intrathecal drug delivery can be delivered alongside other
therapies and cognitive-behavioral therapy may be an
adjunct.7

Informed consent planning and discussion

Patients should be made fully aware of the potential
therapeutic outcome, the risks of the procedure, and
the potential for failure of a successful outcome. The
following should be discussed:

� reasonable expectation from the trialling should be
planned as appropriate;

� the site of insertion and site of pump should be
determined;

� information about programming, prescription
adjustments, and attendance for refilling should all
be made clear.

Patient information booklets from professional bodies are
available (www.britishpainsociety.org).

The patient should undergo an assessment for general
fitness for anesthesia. Preoperatively, analgesic drugs may
need to be discontinued and provision made for pain
control in the immediate preprocedure period. Plans
should be made to discontinue anticoagulant and anti-
platelet drugs as appropriate. Local guidelines should
be followed for preprocedure infection screening and
antibiotic prophylaxis.

OPERATIVE TECHNIQUE

Advice on the operative technique is derived from studies
of complications and from views expounded by experi-
enced physicians. The most frequent complications are
infection and catheter dislodgement,8 these dictating
attention to detail.

Preoperative phase

During preoperative assessment, the patient’s physical and
neurological status is recorded, together with the pump
and catheter system implantation operation in mind.
Spinal deformity, previous surgery, abdominal surgery,
present and future enterostomies, extreme obesity, or
malnutrition all affect surgical planning. Preoperative
spinal radiography and MRI is valuable, especially if there
has been spinal pathology or spinal surgery.

Preoperative planning

The pump placement is dependent on several factors.
Some determined by the physician, some by the patient.
The pump is usually placed on one or other side of the
anterior abdominal wall or in the upper half of the but-
tock. Factors to consider include patients’ handedness
with preference for the nondominant side, typically car
seatbelt use depending on country of residence, and
whether more commonly driver or passenger, whether a
wheelchair is used, occupation, fashion, and trouser belt
location. Body habitus is another factor and particularly
small and emaciated individuals may require special
planning and occasionally preimplantation plastic surgi-
cal procedures to make sufficient room for pump
implantation. In any event, the lower ribs and iliac crest
should be avoided to prevent discomfort.

Operation preparation

Antibiotic prophylaxis according to local microbiological
advice is recommended. A full surgical scrub and skin
preparation is recommended with sterile drapes. If there are
risks for deep venous thrombosis, such as prolonged general
anesthesia, immobility, excess weight, or previous venous
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thromboses, then subcutaneous fractionated heparin
should be administered in advance of the operation.

Operation

CATHETER PLACEMENT

Entry to the cerebrospinal fluid (CSF) is generally advised
below the level of the spinal cord if possible. A para-
median entry using a shallow plane should reduce the
CSF leak and subsequent risk of postdural puncture
headache.8 A small paravertebral incision to the para-
spinous fascia is made and a spinal needle passed into the
subarachnoid space (Figure 31.1). It is advisable to
undertake this in an awake patient under fluoroscopic
guidance to minimize the risk of neurological injury.
Once there is free flow of CSF, the catheter is passed
through the needle and threaded cephalad (Figure 31.2).
It should pass without resistance and be followed fluor-
oscopically (Figure 31.3).

There are competing demands on deciding the spinal
level of the catheter. Generally, one prefers to thread a

sufficient length of catheter into the intrathecal space to
minimize the risk of migration of the catheter out of the
spinal canal. Another consideration is the level of pain,
especially if lipophilic agents are to be used, so as to place
the catheter at the level of the relevant dermatome. There
is a differential concentration between spinal and cerebal
CSF levels when drug is delivered spinally which would
favor lower level placement for lower body symptoms. In
the light of the rare but important risks of granuloma
formation, it may be considered preferable to avoid the
cervical area if possible.9

The catheter should be anchored to the fascia to
minimize migration.8 Avoidance of catheter kinking is
important. A purse string suture around the tissues where
the catheter punctures the dura may minimize postdural
puncture headache or development of CSF hygroma6

(Figure 31.4). Free flow of CSF should be confirmed after
the catheter is secured to check that there has not been
any catheter kinking.

Figure 31.1 Spinal needle in cerebrospinal fluid.

Figure 31.2 Spinal catheter through needle.

Figure 31.3 Fluoroscopy of spinal needle and catheter.

Figure 31.4 Purse string suture around catheter.
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PUMP PLACEMENT

The spinal catheter itself, or a second one to which the
spinal catheter is attached, is then tunnelled sub-
cutaneously towards the site of pump implantation (Fig-
ures 31.5, 31.6, and 31.7). This stage of the operation may
be better tolerated by the patient under general anesthesia;
however, with ready access to the subarachnoid space, a
spinal anesthetic can be administered or alternatively a
local tissue infiltration technique can be used.

The site of the pump will have been determined pre-
operatively with the patient sitting and standing. The
pocket for the pump should be designed so that the
incision does not overlie the refill port after the wound is
closed. The catheter that connects to the pump should be
of sufficient length that a few loops can form before
attaching to the pump to minimize disconnection risk.
These loops should be placed behind the pump to avoid
puncture during refill. Further observation of CSF flow
should occur before connecting the catheter to the pump
to confirm that the catheter remains in the intrathecal
space and that the integrity of the system is sound.
Connections between the catheter and the pump are
secured with strong, nonabsorbable sutures.

Different pumps have different filling regimes. Some
are transported with water that needs removal. The pump
should be filled with the drug and concentration as
determined from the trial (Figure 31.8).

The pump may be placed on the fascia of the external
oblique or rectus muscles, or in thin patients below this,
but should be approximately 1–2 cm below the skin,
superficial enough to allow easy refilling, and deep
enough for minimal cosmetic effects (Figure 31.9). The
closure of the pocket should result in security of the
pump from turning. Some devices have anchoring sutures
to reduce this possibility.

Figure 31.5 Subcutaneous tunnel for catheter.

Figure 31.6 Connection between catheters (if two piece

catheter).

Figure 31.7 Connecting catheter to tunneller to pull through.

Figure 31.8 Filling pump.
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Irrigation of wounds followed by closure in at least two
layers should minimize infection.

It is possible to fill the catheter with active drug using a
programmable pump that can calculate the catheter
volume accurately so as to avoid a delay before drug
effect. After closure of wounds, the patient will require
close monitoring as the diffusion of drug to cerebral levels
can be delayed and patients’ responses are variable.

COMPLICATIONS OF INTRATHECAL DRUG
DELIVERY AND SIDE EFFECTS OF DRUGS

Complications and side effects of drugs should be care-
fully considered as part of a risk–benefit analysis for each
patient for whom intrathecal drug delivery may be a
potential treatment (Table 31.3). They should be
addressed in informed consent. Complications can be
serious or minor. Minor complications are common; in a

population of cancer patients, procedure, equipment, and
illness-related complications occurred at 0.45 events per
patient per year.10 Serious complications are rare. Failure
or poor outcome must be a potential expectation. In
cancer pain, analgesic failure rates are high at approxi-
mately 30 percent.10 Complications can be categorized as
discussed below.

Complications of the technique

Neurological deficits can occur directly from the proce-
dure and from inflammatory mass development. In
malignant disease, neurological complications can occur
because of subsequent tumor or disease progression, but
may also be precipitated by bleeding or CSF leak at the
time of the procedure.11 There have been more than 500
reported cases of intrathecal catheter tip inflammatory
mass development to date. The estimated incidence is
0.05 percent and they occur mainly in the thoracic area.
An inflammatory mass should be suspected if motor or
sensory symptoms and signs develop or if there is failure
of analgesia. The etiology is unknown. It is hypothesized
that it may be due to an inflammatory reaction to the
infused medication, or due to low-grade infection. Masses
have been reported from using infusions of morphine,
hydromorphone, and baclofen.

Infections, such as meningitis,12 epidural abscesses,
and pump pocket or reservoir infections can complicate
the technique.13

CSF leaks can cause postdural puncture headaches,
which are usually self-limiting, but hygromas can occur.14

Problems can arise from the pump pocket whereby the
pump becomes uncomfortable or from thinning and
discomfort from the scar.

Figure 31.9 Placing pump in pocket.

Table 31.3 2007 Polyanalgesic algorithm for intrathecal therapies.

Line Therapy

Line 1 (a) Morphine 2 (b) Hydromorphone 2 (c) Ziconotide

Line 2 (d) Fentanyl 2 (e) Morphine/hydromorphone1ziconotide 2 (f) Morphine/hydromorphone

1bupivacaine/clonidine

Line 3 (g) Clonidine 2 (h) Morphine/hydromorphone/fentanyl/

bupivacaine1/clonidine1ziconotide

Line 4 (i) Sufentanil 2 (j) Sufentanil bupivacaine1/

clinidine1ziconotide

Line 5 (k) Ropivacaine, buprenophine, midazolam,

meperidine, ketoralac

Line 6 Experimental drugs: Gabapentin, octreotide,

conopeptide, neostigmine, adenosine,

XE2174, AM336, XEN, ZGX 160

Morphine, fentanyl, bupivacaine, sufentanil, ropivacaine, buprenophine, midazolam, meperidine, ketoralac, and experimental drugs not licenced for intrathecal
therapy in the UK.
Modified from Deer T, Krames, Hassenbush SJ et al. Polyanalgesic Consensus Conference 2007: Recommendations for the management of pain by
intrathecal (intraspinal) drug delivery: report of an interdisciplinary expert panel. Neuromodulation. 2007; 10: 300–28, with permission.
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Complications due to malfunction of
equipment

� There can be problems from catheter kinking,
disconnections, dislodgement of lines, or pump
failure.

� Intrathecal diamorphine is used in the UK. There
have been a small number of case reports of the
precipitation of diamorphine in the Synchromed
programmable pump when used in high
concentrations. This causes malfunction of the
pump. A UK Consensus group has recommended
that it is inadvisable to use diamorphine in a
programmable Synchromed pump.15

Complications due specifically to the drugs
administered

Local and systemic effects of drugs can be problematic and
complications can also occur from failure of delivery of
drugs due to pump malfunction resulting in withdrawal,
and refilling errors resulting in overdose or withdrawal.

OPIOIDS

The intrathecal delivery of opioids can cause centrally
mediated side effects such as respiratory depression,
nausea and vomiting, constipation, urinary retention,
pruritus, and sedation.16 Endocrine suppression can cause
weight gain, loss of libido, excessive perspiration, hypo-
gonadotrophic hypogonadism, hypocorticism, memory
and mood changes, and headache.17

LOCAL ANESTHETICS

Intrathecal local anesthetic delivery can cause cardiovas-
cular instability, sensory deficits, urinary retention, and
motor impairment. At higher doses, fatigue and somno-
lence can occur. There are reports of neurotoxicity
following intrathecal infusions of local anesthetics.18

BACLOFEN

Side effects from the continuous infusion of baclofen are
rare; side effects are more likely following bolus doses.
They include dizziness, drowsiness, and constipation.
Overdose can cause weakness, ataxia, light headedness,
confusion, and excessive hypotonia with consequent
severe weakness and respiratory embarrassment. With-
drawal can cause rebound spasticity, motor hyperactivity,
headaches, drowsiness, disorientation, hallucinations,
rhabdomyolysis, seizures, and even death.19

CLONIDINE

Intrathecal delivery of clonidine can cause hypotension,
bradycardia, and sedation.

ZICONOTIDE

Common side effects from the intrathecal delivery of
ziconotide are dizziness, nausea, nystagmus, gait imbalance,
confusion, and urinary retention.20 They can be severe but
can be limited by very careful titration of the drug.

Dealing with complications

Knowledge of potential complications, early recognition,
and familiarity with equipment are key to the prevention
and management of complications and drug side effects.
Intrathecal drug delivery systems should only be used
where there is an infrastructure trained, prepared, and
equipped to deal with all potential complications at all
times. This applies to the hospital setting, the hospice
setting, and in the community. Immediate carers must be
able to resuscitate and deal with the consequences of
overdose or sudden withdrawal. There must be estab-
lished routes of referral for expert opinion and treatment.
Close monitoring should take place, particularly in the
immediate period of starting intrathecal delivery.

Suspected neurological deficits, caused either by the
procedure of the subsequent development of an inflam-
matory catheter tip mass, constitute an emergency and
neuroradiological and neurosurgical expertise must be
sought. Where inflammatory masses have occurred,
turning off the infusion for a period of weeks to months
may allow the catheter tip inflammatory mass to resolve.
However, removal of the catheter may be necessary. If
spinal cord compression has occurred, decompression
and removal of the inflammatory mass may be necessary.

Microbiological and if necessary, neurosurgical exper-
tise should be sought in the management of infections.
Surgical expertise may be needed for revision of pockets
or scars. Endocrine screening is recommended prior to
undertaking the technique and at yearly intervals there-
after to provide early warning of developing endocrine
suppression. Baclofen overdose, which results in excessive
hypotonia, may require a period of artificial ventilation in
the intensive care setting. Physostigmine is used in
baclofen overdose.

Pump malfunction can result from MRI scanners;
discussion should take place between the implanter, the
radiologist, and the pump manufacturer.
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KEY LEARNING POINTS

� Cryoanalgesia (cryoneurolysis) causes a temporary loss

of axonal continuity, but the nerve is able to

regenerate.
� The incidence of neuritis is low.
� The intensity and duration of analgesia correlate with

the size and temperature of the thermic lesion.

� The tip of the cryoprobe should generally not be more

than 4–5mm away from the target nerve trunk.
� The technique can be applied in the treatment of

localized acute and chronic pain conditions and may

provide pain relief for several months.
� The evidence-base of cryoneurolysis is largely lacking.

INTRODUCTION

Applying cold to tissues to relieve pain has been recog-
nized for thousands of years. In 1917, Trendelenberg1

demonstrated that freezing a nerve leads to reversible
nerve injury without neuroma formation. In 1967,
Amoils and coworkers2 introduced a hand-held device to
freeze tissue, using carbon dioxide or nitrous oxide. Ten
years later, Lloyd et al.3 brought the cryoprobe into pain
therapy. Cryoanalgesia, in the sense of cryoneurolysis or
cryoablation of nervous tissue is an interventional tech-
nique with the ability of providing long-lasting pain relief.
This chapter aims to cover the basic principles of this
method, and some of its most common clinical
applications.

PHYSICS AND TECHNICAL DATA

Cryoprobes of today are adaptations of Amoils’ gas-
expansion prototype. In a closed tubal system, pressurized
N2O or CO2 is circulated through a small nozzle
(0.002mm) in the tip of the probe into an inner lumen
where the gas rapidly expands4 (Figure 32.1). According
to the adiabatic principle (Joule–Thompson effect) gas
expansion causes a sudden drop in pressure from 5516 to
69 kPa (800 to 10 psi) and temperature from room tem-
perature to approximately �601C.5 As a consequence, the
surrounding tissue is converted into an ice-ball. To limit
the tissue lesion the probe is insulated with Teflon except
for the tip which is left uncoated. Modern cryomachines
have a built-in nerve stimulator, flow monitor, and



thermistor, which help to localize the nerve and achieve
the optimal tip temperature.

In the USA, two companies manufacture gas expan-
sion cryomachines: Wallach Surgical Device with the Pain
BlockerTM and Westco Medical Corporation with the
NeurostatTM. In Europe, NeurostatTM is produced by
Spembly Medical (UK).

PHYSIOLOGY

Cryoneurolysis causes a loss of axonal continuity (‘‘axo-
notmesis’’), which is characterized by axonal disruption,
Wallerian degeneration, and demyelination.6 The endo-
neurium and basal lamina of the Schwann cells remain
intact, and the nerve is able to regenerate completely.7, 8

The exact mechanisms causing cell injury have not been
established, but one theory involves crystal formation,
rupture of the cell membranes, protein denaturation, and
cellular dehydration (crystals remove water from the
intra- and extracellular compartment).6 Ice crystals,
however, obliterating and damaging the vasa nervorum,
may also cause ischemia.4

Cryoneurolysis generally provides pain relief for three
months, although the nerve itself only seems to require
two to three weeks for regeneration.9 How can this
be explained? Experimental studies have described

long-lasting and reduced electrophysiological responses, as
late as after 90 days and diminished axonal diameter after
one year.9 Some have speculated whether the block of
peripheral nerve impulses and the subsequent modulation
of the central sensitization, could be the reason.10 A third
possible mechanism could be autoimmune responses
triggered by frozen and sequestered proteins.11, 12, 13

PHYSICAL DETERMINATORS FOR SUCCESSFUL
CRYONEUROLYSIS

The following factors have been identified as essential for
accomplishing effective cryoneurolysis.14

Probe temperature, duration, and number of
freeze–thaw cycles

The intensity and duration of analgesia correlate with the
size and temperature of the thermic lesion (ice-ball). A
slow freezing rate (less temperature decrease due to low gas
flow) causes ice crystal formation preferably in the
extracellular space. This leads to intracellular dehydration
and cell shrinkage, but not necessarily cell death. A rapid
freezing rate (lower temperature due to high gas flow)
forms ice crystals in both the intra- and extracellular space.
This disrupts the cell membrane and causes cell death.

Phase
change

Ice
ball

Expansion
orifice

Expansion
orifice

Gas
expansion

Teflon
coating

High-pressure N2O (or CO2)

High-pressure N2O (or CO2)

Liquid N2

Low-pressure
exhaust gas

N2 gas

N2 gas

(a)

(b)

Figure 32.1 An adaptation of Amoils’ gas-

expansion cryoprobe. Inside the tip of the probe

in a closed tubal system, pressurized N2O or CO2
is circulated through a small nozzle (0.002mm)

into an inner lumen where the gas rapidly

expands. Cross-sections of: (a) the gas expansion

type; (b) the change of phase type of cryogenic

probe. Figures used courtesy of Thomas A Edell

and Somayaji Ramamurphy.
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If the probe is in a suboptimal position, or close to
highly vascularized tissue (acting like a heat sink), repeated
freeze–thaw cycles may be favorable. Two to three free-
ze–thaw cycles have been shown to increase the ice-ball, but
not more than 15 percent.6 When the tissue has reached
�201C, there is no benefit in extending or repeating the
freezing interval.6 A larger ice-ball will act as insulation.4

Probe size and position

For gas expansion probes the ice-ball diameter (lesion size)
is two to three times greater than the probe diameter itself.
With a probe diameter of 1.4mm, the ice ball diameter will
reach 3.5mm, with a probe diameter of 2mm it will be
5.5mm.4 Thus, a thicker probe will more likely encounter
the nerve trunk. Inside the ice-ball there is a sharp tem-
perature gradient from the center to the surface, equivalent
to 101C/mm.6 The cryoprobe should therefore not be more
than 4–5mm away from the target nerve trunk.

INDICATIONS

Cryoanalgesia does not provide a permanent block, and
the pain relieving effect is of limited duration. On the
other hand, one should bear in mind that even a tem-
porary pain relief may open up for other therapeutic
options, such as physiotherapy or physical exercise.

Patients considered for cryoablation should preferably
be evaluated by a multispecialist pain team and try less
invasive therapies. This is particularly important in
patients with generalized pain disorders.

Cryoanalgesia may be considered for:

� Chronic neuropathic pain which does not respond
to conventional treatment (antiepileptics, tricyclic
antidepressants, topical lidocaine, etc).

� Localized peripheral nerve lesion (neuroma)15 and
entrapment neuropathies.16

One should be aware that neuropathic pain may be
aggravated by the cryoneurotrauma.

Contraindications

There are no absolute contraindications to cryoanalgesia,
but proper attention should be paid to the following
aspects:

� Bleeding diathesis in previous history, particularly
where bleeding may go unnoticed into large body
cavities.

� Allergy to local anesthetic agents.
� Infected skin.
� Anxiety. Patients previously exposed to physical

abuse (torture, rape, etc.) may not tolerate invasive
procedures.

� Impeded communication by infancy, cognitive
deficiency, or language barriers.

� Nociceptive, post-traumatic pain. Intercostal nerve
cryotherapy has been applied postoperatively. Due to
the risk of increased and chronic pain, it is no longer
recommended.17

PATIENT PREPARATION

Cryoanalgesia should always be based on a mutual
agreement between patient and therapist. Informed con-
sent requires balanced information about the procedure
including intra- and postprocedural pain, risks, compli-
cations, and anticipated long-term results. The patient
must be warned of undue expectations.

RISKS AND COMPLICATIONS

� Sensory disturbances: Transient sensory disturbances
such as allodynia and hyperalgesia may occur,17, 18, 19,
20, 21 particularly if excessive freezing or a large
cryoprobe is used. After intercostal nerve ablations,
these symptoms have been reported to occur after six
weeks and may last for two to four weeks.18, 19 In
some studies the incidence of neuralgia is 20–30
percent.18, 19, 20 One case of neuroma formation has
also been published.22

� Motor block can occur when neurolysis is performed
in mixed nerves or in the immediate vicinity of a
motor nerve. Cryolesions in the face can cause
unintentional block of facial nerve branches with
concomitant disfigurement lasting for days or weeks.4

� Infection is a rare complication. Deep tissue infection
was registered in only two out of 2500 treatments
(Högström, unpublished results).

� Bleeding: Unnoticed bleeding into thoracic,
abdominal, or pelvic cavities is a serious
complication. This calls for clear delineation of the
postoperative follow up.

� Pneumothorax: The introducer or probe may
penetrate into the lung during intercostal blocks.

� Other: Some patients develop depigmentation or
hyperpigmentation of the lesion site. Alopecia of the
eyebrow has been reported after a supraorbital
cryolesion.

EQUIPMENT PREPARATION

� Check the machine and gas supply properly.
� The sterilized cryoprobe is purged/vented with a low

gas flow (1–2 L/min) for two to four minutes to
prevent obliteration of the probe lumina by water
crystal formation.

� An introducer cannula (12 or 14G cannula,
depending on probe size) is recommended. It
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functions as an extra protection in case of deficient
Teflon coating and thereby prevents skin freezing and
off-track neurostimulation.

DIFFERENT TECHNIQUES

Cryoneurolysis should always be performed under strictly
aseptic conditions with sterile ‘‘prep and drape.’’

Peroperative (‘‘open’’) technique

In 1974, Nelson et al.23 described intraoperative (open)
cryoneurolysis of intercostal nerves. Peroperatively, with
direct vision and general anesthesia the neural structures
are identified. Each nerve is frozen for 30–60 seconds.

Percutaneous (‘‘closed’’) technique

The percutaneous closed technique is suited for chronic
pain management in an outpatient setting.

Analgesia for procedural pain

Small amounts of a local anesthetic agent with epinephrine
are infiltrated subcutaneously to provide pain relief and
hemostasis. Epinephrine decreases local blood flow and
limits the ‘‘heat sink’’ effect. It is important not to anes-
thetize the actual target nerve when stimulation is planned.

In some cases repeated intravenous doses of a short-
acting opioid such as alfentanil 0.5–1mg are required. Be
aware that patients on chronic opioid medication will
need higher doses.

If sedation is required, this can be accomplished with
small incremental doses of midazolam 1–4mg given
intravenously, but appropriate communication with the
patient (verbal, mimics, and body language) is essential
for accurate probe placement, and will suffer if the
sedation is too heavy.

Probe insertion

An introducer (or scalpel) is used to penetrate the skin. To
counteract the ‘‘heat sink’’ from intercostal vessels, some
recommend a 14G cryoprobe as this generates a larger
lesion (ice-ball). This advantage is, however, offset by a
greater risk of hematoma and perforation into the lung. We
therefore generally use a 18G cryoprobe (round tip) inserted
through a 14G introducer. It is easier to manipulate and less
painful to the patient. When close to the target nerve, the
stylet is replaced with the cryoprobe.

Nerve localization

Mapping the peripheral nerve trunks and other structures
relevant to the pain problem is crucial for the outcome.

Going ahead in a ‘‘trial-and-error’’ fashion without a
proper plan will rarely result in success and could be
detrimental to the global pain situation.

Palpation

Palpation is a reliable way of locating superficial nerve
trunks, given well-defined landmarks. A good-quality
anatomical atlas24, 25 is helpful in planning the procedure,
but not all textbooks are equally detailed, and some can
be directly misleading.

Nerve stimulation

A nerve stimulator may increase the accuracy, but
excessive stimulation is painful to the patient. Always use
a grounding plate. When the probe is close to the nerve,
start the stimulation with high-frequency current
(100Hz) at 2 volts to stimulate the sensory nerve, and
decrease gradually down to 0.5 volts. Paresthesia should
still be perceived in the area of maximal pain. Apply the
same procedure with 2Hz stimulation. If the muscle
twitches, move the probe some millimeters to avoid
damage to motor fibers.

Imaging techniques

Fluoroscopy or computed tomography (CT) is manda-
tory when aiming at deeper sensory nerves, particularly
along the spine.26 Ultrasound has been advocated to
visualize peripheral nerves in the neck.27, 28

Diagnostic block

A diagnostic block should always be performed and pain
relief assessed prior to cryoneurolysis. Small volumes of a
local anesthetic agent, 0.2–0.8mL (equivalent with the
size of the ice-ball formed around the cryoprobe tip), will
more precisely predict the effect of cryoablation.

Freezing

When the introducer is close to the target area, and the
stylet replaced with the cryoprobe, the introducer is
withdrawn a few millimeters to expose the tip of the
cryoprobe. Gas flow is increased to 10–12 L/min (2.0mm
probe) or 8–10 L/min (1.4mm probe) to achieve a probe
tip temperature of approximately –601C. The freezing
interval varies from 1.5 to 3 minutes, and should be
repeated once or twice.

Defrosting

After each freeze cycle the probe must be defrosted for 30
seconds. The cryoprobe should be withdrawn only after it
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has been defrosted to avoid avulsion of the nerve. Watch
the ‘‘DEFROST’’ light on the panel.

CRYOANALGESIA IN THE TREATMENT OF
ACUTE AND POSTOPERATIVE PAIN

Intercostal nerves

OPEN TECHNIQUE

The nerve is isolated by blunt dissection and visualized
beneath the parietal pleura. Maiwand and Makey29

recommended pleural retraction to ensure that the probe
is accurately located on the nerve, proximal to the col-
lateral branch. Because each rib has a nerve contribution
from the rib below and above, additional lesions to
adjacent intercostal nerves were recommended. Post-
operative pain is no longer accepted as a good indication,
due to risk of chronic neuropathic pain (see Indications).

PERCUTANEOUS (CLOSED) TECHNIQUE

See below under Cryoanalgesia of intercostal nerves.

Clinical efficacy

Two randomized studies on thoracotomized patients have
reported better pain relief30, 31 and respiratory function30

after cryoanalgesia as compared with epidural, inter-
pleural, or opioid analgesia. Intercostal cryoablation,
however, does not block nociceptive signals from the
pleura, ligaments, and muscles as these are transmitted by
the phrenic, vagus, and sympathetic nerves. This may
explain why cryoanalgesia in other studies has not been
associated with improved respiratory function32, 33 nor
lower opioid consumption.33, 34, 35 In one follow-up
study, one-third of the patients reported increased pain
after cryoanalgesia,20 and other studies have shown an
increased risk of chronic post-thoracotomy pain after
cryotherapy.17, 20, 21 Epidural is therefore preferred.32, 34

CRYOANALGESIA IN THE TREATMENT OF
CHRONIC PAIN

Despite an early enthusiasm, the number of controlled
randomized studies on cryoanalgesia is surprisingly low.
The following text will pertain to the closed, percuta-
neous, or submucosal approach for cryoneurolysis
of peripheral nerves. Where this method is used, only the
most common pain syndromes will be addressed in
detail. Different clinical applications for cryoanalgesia
have been broadly reviewed by Trescott,4 Saberski,36 and
Florete.37

Chronic pain syndromes in the head and neck
area

� Occipital neuralgia.
� Cervicogenic headache (CGH).
� Whiplash-associated disorder (WAD).
� Facial pain.
� Trigeminal neuralgia.
� Temporomandibular joint dysfunction.

Occipital hyperalgesia is a frequent symptom in these
syndromes (particularly in the first three) and involves
the nerve roots C2 and C3 and their peripheral branches.
The nerve roots C2 and C3 divide into the greater occi-
pital nerve (GON), lesser occipital nerve (LON), third
occipital nerve (TON), and the greater auricular nerve
(GAN). There are considerable interindividual variations
in the configuration of the main trunks and extensive
anastomoses between the LON, GON, and TON. The
anatomy of the occipital nerves has been reviewed in
detail by Bogduk,38, 39 Becser et al.,40 and Tubbs et al.41

Facial hyperalgesia is more commonly observed in the
three latter syndromes, in which one or more trigeminal
nerve branches may be involved. The trigeminal nerve
divides into the ophthalmic division with the supratro-
chlear and the supraorbital nerve, the maxillary division
with the infraorbital nerve, and the mandibular division
with the mental and auriculo-temporal nerve.

Trigeminocervical convergence involves afferent pri-
mary neurons from the occipital nerves and from the
trigeminal nerve, descending into the upper cervical
segments, converge on the same second-order neurons in
the central nervous system (CNS). This explains coexist-
ing occipital and facial hyperalgesia and referred pain
patterns.42 Central sensitization has been claimed to be a
driving force behind these chronic pain states, and per-
ipheral blocks with a reduction in nociceptive peripheral
input may be a way of modulating it.43

Cryoanalgesia of the occipital nerves

In mixed trigeminocervical pain, a local anesthetic block
can be used to rule out a cervical cause. Sjaastad et al.44

included pain relief after an occipital nerve block as a
criterion in the diagnosis of cervicogenic headache. Per-
ipheral blocks (GON) seem to be equally effective as cen-
tral blocks over the facet joint C2-3 (TON).45 Transforming
this diagnostic procedure into a long-term therapeutic
modality by percutaneous cryoanalgesia of the occipital
nerves, however, has so far caught little interest. There are
no randomized control trial (RCT)-studies available sup-
porting cryoneurolysis for occipital pain. From an ongoing
randomized study we have gathered considerable clinical
experience with the method, and the preliminary data are
encouraging (Högström, unpublished results). Many
patients report substantial pain relief and a reduction in
autonomic, cognitive, and muscle dysfunction. In some
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patients we have observed an improved pain relief after
repeated ablations, but the duration of pain relief remains
unchanged, at three to six months.

TECHNIQUE

The patient is in the lateral recumbent position with the
area to be treated upwards. No preoperative haircut is
required. Skin and subcutaneous tissue is infiltrated with
1–2mL of a local anesthetic agent with adrenaline
(1:200,000) using a 25 or 27G, 16–25mm long needle
depending on the size of the patient. If hyperalgesia is
present, infiltration with local anesthetic is recommended
all the way to the trunk before proceeding with
cryoneurolysis.

Observe that branches of the same trunk may be found
at different depths. Sticking to the coordinates and ana-
tomic landmarks makes localization of the nerve trunk
simple and the use of nerve stimulation mostly super-
fluous. Nerve stimulation may cause pain referred to the
lower part of occiput. Two freeze–thaw cycles in one
position are sufficient.

For more detailed procedural and anatomical
description see Figures 32.2, 32.3, and Figure 32.4.

The mastoid branch of the GAN traverses the upper part
of the sternocleidomastoid (SCM) and is sometimes palp-
able in this position. Its clinical relevance and contribution
to CGH is often doubtful. Cryoanalgesia of this nerve is
demanding and causes considerable pain due to the muscle
lesion. In our opinion, GAN is best left untreated.

COMPLICATIONS

We have not observed any serious complications. Punc-
ture of an artery or vein accompanying the nerve trunk is
quite common, but significant hematoma is rare unless
the patient has a bleeding diathesis.

If the probe is inserted too far, it may theoretically
puncture the dura mater, but complications related to the
local anesthetic block, such as intravenous, intra-arterial,
or intrathecal injection in cases of a cranial bone defect
raise more concern.48

Cryoanalgesia of branches of the trigeminal
nerve

Treatment of facial pain and trigeminal neuralgia with
cryoanalgesia of the peripheral branches of the trigeminal
nerve has been studied by several authors.49, 50, 51

TECHNIQUE

The supraorbital nerve is easily palpated at the
supraorbital notch. The entry point is below the eyebrow.
When in contact with the nerve, one to three lesions
are performed with the needle in different directions

according to pain response or response to nerve
stimulation.

The supratrochlear nerve is located more medially and
treated similarly if indicated.

The infraorbital nerve and the mental nerve can be
reached percutaneously or submucosally (orally), the
alveolar nerves only orally. With the submucous
approach, a small incision is inserted in the mucous
membrane over the nerve to be neurolyzed, the tip of the

(a)

(b)

Figure 32.2 (a) The occipital entry points. (b) Anatomical

landmarks. Palpable landmarks such as the superior nuchal line

(SNL), the midline external occipital protuberance (EOP), the

sterno-cleidomastoid (SCM), and trapezius muscles (TM) can be

used to localize the main nerve trunks.46 At the level of the SNL,

both the GON and LON normally have two or sometimes even

three branches.47 (b) The nerve trunks can be palpated as three

tender points on or slightly below the SNL. They correspond to

the entry points for the probe: the lateral entry point for the

lateral branch of the LON is located at the medial border of the

SCM, 6–7 cm lateral of the EOP. The medial branch of LON can

also be reached from the lateral entry point. It is palpated as a

tender point between the lateral and intermediate entry point.

The intermediate entry point for the main branch of GON is

located at the crescent-shaped lateral edge of the cranial

insertion of the TM, 4 cm lateral to the EOP. The medial entry

point for the medial branch of GON is located at the rounded

defect in the tendinous insertion of TM, 2 cm lateral to the EOP.
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cryoprobe is inserted directly and the nerve exposed to
one or two freeze–thaw cycles.

The auriculotemporal nerve, a sensory terminal branch
from the mandibular nerve, becomes superficial and fre-
quently palpable between the posterior edge of the
mandible and the tragus. Opening the mouth gives access
to the nerve. The risk of lesioning facial nerve trunks has
to be kept in mind.

Chronic pain syndromes in the thoracic and
upper abdominal area

� Intercostal neuralgia.
� Postherpetic neuralgia.
� Cicatricial pain.

Patients exposed to thoracotomy,52 mastectomy,53 ster-
notomy,54 laparotomy, nephrectomy, or laparoscopy may
develop incapacitating chronic pain. The reasons could be
neuroma or trapping of nerves in scar tissue.

Cryoanalgesia of intercostal nerves

Cryoablation of intercostal nerves can relieve pain in the
chest and abdominal wall. When intercostal nerve
cryoablation is considered:

� Palpate the scar, trigger points, neuroma, or the
trapped nerve suspected of generating the pain.

� Define the intercostal nerves supplying the alleged
pain origo. Be aware that laparotomy scars may cross
the midline.

(a)

(b)

(c)

Figure 32.3 (a), (b), and (c) Local anesthetic block of the

occipital nerves. The needle is advanced slightly cranially at a

451 angle to the sagittal plane at the lateral entry point, 301
angle at the intermediate entry point and parallel to the sagittal

plane at the medial entry point. In this way, the planum nuchae

will act as a backstop, and the nerve trunk is caught against the

bone.

Figure 32.4 Cryoneurolysis of the occipital nerves. The

introducer is held in the dominant hand while the index finger

of the opposite hand palpates and fixates the tender nerve

trunk, and is inserted from the entry points with a steady

movement towards the nerve at the same angles as for the local

anesthetic block (see above). To prevent too deep a penetration,

it may be wise to support the probe with two fingers of the

nondominant hand. The lateral branch of LON is encountered

1–2.5 cm from the lateral entry point. To reach the medial

branch of LON the introducer is slightly retracted and redirected

at 901 angle towards the sagittal plane. The nerve branch is

reached at the same depth as for the lateral branch. The main

branch of GON is found 1–2 cm from the intermediate entry

point. The medial branch of GON is reached 0.5–1.5 cm from the

medial entry point. The TON is reached 2–5 cm from the medial

entry point with the probe in an inferior-medial direction along

the medial portion of TM. TON can also be reached from a

separate entry point close to the midline (0.3–0.5 cm) along the

medial border of TM, 3–5 cm caudally from EOP.
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� Diagnostic local anesthetic blocks and cryoneurolysis
should be limited to one side at a time due to the
risk of pneumothorax.

TECHNIQUE

The procedure is easy to perform. In obese patients,
however, x-ray guidance is useful. The patient is lying in
the lateral or prone position. The skin is moved cranially
before the probe is inserted. When the probe encounters
the lower border of the costa, release the skin fold and
redirect the probe. It is then possible to advance beneath
and along the costa, for details see Figure 32.5.

CLINICAL EFFICACY

In a study of patients with postherpetic neuralgia or
intercostal neuralgia, 50 percent noted significant pain

relief with a duration of three months outlasting the
return of sensory function.55 None of the patients
developed neuritis. In another study on chest wall pain of
different etiology, the effect of cryoneurolysis lasted from
one week up to 12 months, and postherpetic neuralgia
was associated with poorer response.56

COMPLICATIONS

Pneumothorax and hematoma and bleeding into the
pleural cavity are potential and serious complications. A
chest x-ray is recommended if in any doubt. Cryoanalgesia
of the third and fourth intercostals can cause ipsilateral
nipple anesthesia. Thus, freezing above the fifth intercostal
nerve is not recommended by some authors.57 Denervation
of the intercostal muscles may reduce the tone of the
external and internal oblique muscles and cause a subtle
abdominal bulge which resolves within weeks.29

Chronic pain syndromes in the groin

� Ilio-hypogastric neuralgia.
� Ilio-inguinal neuralgia.

The ilio-hypogastric nerves (IHN) and ilio-inguinal
nerves (IIN) are easily injured in connection with inguinal
surgery or laparoscopic procedures.

TECHNIQUE

They can be reached at the lateral border of the quadratus
lumborum muscle between the scapular and the posterior
axillary line. For a detailed description of cryoneurolysis
of IHN and IIN, see Figure 32.6.

Figure 32.5 Cryoneurolysis of intercostal nerves. To prevent

unintentionally deep penetration, it may be wise to support the

probe with two fingers of the nondominant hand. The introducer

is directed proximally parallel to the nerve near the angulus

costae. This reduces the risk of pneumothorax and maximizes

the length of nerve being frozen.

(a) (b)

Figure 32.6 Cryoneurolysis of scar neuroma and the ilio-hypogastric nerve (IHN). The neuroma can be located by meticulous palpation

and subsequently blocked with local anesthesia for diagnostic/prognostic purposes. The IHN can be approached midway between the

costal arch and the iliac crest. The introducer is directed proximally parallel to the nerve trunk at the site where the IHN appears from

the quadratus lumborum muscle (posterior axillary line).
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COMPLICATIONS

Motor nerve blockade is usually short-lasting without
clinical significance.

Chronic pelvic pain

� Coccygodynia.
� Perineal pain.

Chronic nonmalignant and cancer pain in the perineal
area may constitute a considerable therapeutic problem.
Sacral cryoanalgesia offers effective relief with little risk of
motor block. The nerve roots are reached through the
sacral foramina or the sacral hiatus. Note that the S4 root
innervates the levator ani and coccygeal muscle, and that
the rami of S5 root emerge through the sacral hiatus.

TECHNIQUE

Coccygodynia (S5)

The sacral hiatus is localized by palpation. Under
fluoroscopic guidance the introducer is advanced cra-
nially so that the tip of the probe lies between the sacral
cornua and close to the coccygeal nerve. Nerve stimula-
tion confirms adequate position and absence of motor
involvement. Two freeze–thaw cycles, each of two to three
minutes, are applied on each side.

Perineal pain (S4)

Under intermittent fluoroscopic guidance, the probe is
advanced further to the level of the fourth sacral foramen.
After a local anesthetic test block, lesions are made as for the
coccygeal nerve or the S5 root. The technique provides good
analgesia and minimal risk of sphincter dysfunction.58
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KEY LEARNING POINTS

� High success rates of radiofrequency lesioning in

patients with refractory trigeminal neuralgia.
� Percutaneous cordotomy, often efficacious in cancer

pain, resistant to all other pain therapies.
� Limited evidence about the clinical effectiveness of

radiofrequency lesioning for spinal pain: with better

evidence for percutaneous facet denervation than for

the treatment adjacent to the dorsal root ganglion and

heating of the intervertebral disk.
� Evidence about the effectiveness of pulsed

radiofrequency needs further substantiation.
� In patients with chronic nonmalignant pain,

radiofrequency lesioning should be imbedded in a

biopsychosocial setting.

INTRODUCTION

Percutaneous current lesions were introduced by Kirsch-
ner1 in 1931 for the treatment of patients with trigeminal
neuralgia. The reliability and simplicity of thermo-
coagulation led to its widespread use in the USA and
Europe. In 1953, Sweet and Mark2 proposed the appli-
cation of a high-frequency current with frequencies

ranging from 300 to 500 kHz, as used in radio-
transmitters. Radiofrequency (RF) lesions were far more
predictable than lesions produced by the earlier direct
current procedures.

Another milestone was the introduction of the per-
cutaneous cordotomy in 1965.3 By a lateral approach
through the C1–C2 intervertebral space, a heat lesion was
made in the spinothalamic tract of the spinal cord. This



method is mainly used in cancer patients with severe
unilateral pain and remains an established technique for
this indication. In 1974, after Sweet and Wepsic4 applied
RF lesioning for patients with trigeminal neuralgia,
Uematsu5 also treated patients with spinal pain syn-
dromes by RF lesioning. Sluijter and Metha6 refined
earlier techniques by introducing a small-diameter (22
gauge) temperature-monitoring electrode system.7

THEORETICAL ASPECTS OF RADIOFREQUENCY
LESIONING AND PULSED RADIOFREQUENCY

In RF lesioning, heat is generated in the tissue which sur-
rounds the electrode by the RF current generated by a lesion
apparatus. The RF voltage from the generator is set up
between the (active) electrode and the (dispersive)
groundplate, which is placed on the arm or leg of the
patient. The body tissues complete the circuit and RF cur-
rent flows through the tissue, resulting in an electric field.

This electric field creates an electric force on the ions in
the tissue electrolytes, causing them to move back and
forth at a high rate. Frictional dissipation of the ionic
current within the fluid medium causes tissue heating.
This is the origin of the RF lesion. The temperature of the
surrounding tissue will show a rapid decrease over the
first few millimeters from the electrode tip. The size of the
lesion also depends on the diameter of the electrode and
the length of the uninsulated electrode tip.

The rationale for the application of RF denervation is
the assumption that selectively heating nervous structures
can impede nociceptive input. Practically, this is achieved
by percutaneous application of small electrodes at target
neural tissues, to produce size-controlled lesions. How-
ever, others have questioned the utility of thermal
lesioning in chronic nonmalignant pain, which is essen-
tially neurodestructive, in the presence of neuropathic
pain, and have shown that application of continuous low
temperature RF is equally effective as RF heat lesion.8[II]

In 1998, Sluijter et al.9 applied high voltage RF current in
bursts of 20ms per 500ms, permitting during 480ms
‘‘silent phase,’’ to allow the generated heat to be washed out.
This idea of applying high voltage energy near a nerve
without subsequent heat-induced nerve injury with pulsed
radiofrequency (PRF) was appealing. Initial clinical inves-
tigations had shown that PRF could be used safely as an
alternative to heat lesions in patients suffering from
refractory pain.9, 10 However, today, it is still not clear what
the differences are between PRF and RF in terms of clinical
outcome and biological mechanisms involved.

CLINICAL APPLICATION OF RADIOFREQUENCY
LESIONING IN PAIN

Before treatment by RF lesioning is considered, the
patient is seen in a biopsychosocial setting where, in

addition to physicians, a psychologist and physical
therapist also participate. In general, RF lesioning is
indicated only in patients in whom noninvasive means of
pain treatment have failed. Especially in patients with
chronic nonmalignant pain, it is necessary to combine RF
lesioning with other measures aiming at a correction of
the pain-provoking conditions. Otherwise, the beneficial
effects of RF lesioning will be short-lasting. In most cases,
ergonomic and psychological advice is needed. Changes
in the life pattern and working habits of the patient
are often necessary to prevent the recurrence of pain
(Boxes 33.1 and 33.2).

PERCUTANEOUS CERVICAL CORDOTOMY

History

In 1965, Mullan et al.3[IV] performed their first percu-
taneous cervical cordotomy by a lateral approach through
the C1–C2 intervertebral space. A heat lesion was made in
the spinothalamic tract in the spinal cord, at first using a
direct current, but later an RF current. Other means of
reaching the spinothalamic tract are an anterolateral
approach through the intervertebral disk or a posterior
approach, but these techniques have never had wide-
spread popularity.

Applied anatomy

The spinothalamic tract, situated in the anterolateral
quadrant of the spinal cord, consists of secondary noci-
ceptive neurons conveying nociceptive stimuli from the

Box 33.1 General contraindications of
radiofrequency lesioning

� Coagulopathy.
� Local infection.
� Insufficient cooperation by the patient.

Box 33.2 Equipment needed for RF
lesioning

� RF lesion generator provided with impedance
registration, stimulation facilities, and
thermocouple lesion system.

� Appropriate electrode needle and corresponding
electrodes.

� Radiographic C-arm image intensifier.
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contralateral body half. Its origin is in the dorsal horn of
the spinal cord and its destination is mainly situated in
the ventral posterior lateral and the central lateral nucleus
of the thalamus. At the level C1–C2, the column of facetal
joints is interrupted, allowing an approach to the spinal
cord by a laterally introduced needle electrode.

Indications

Percutaneous cervical cordotomy is indicated in uni-
lateral, incident, and/or neurogenic pain in advanced
cancer patients resistant to other therapy. In exceptional
cases, remaining pain on the contralateral side following
an earlier cordotomy can be treated by a second cordot-
omy on the opposite site. There should be a minimum
interval of two weeks between the interventions.

Limitations

Popularity of the intervention has decreased considerably
following the introduction of rational oral analgesic
therapy. A further decline in the number of patients
treated occurred because of the application of continuous
spinal infusion techniques. Nevertheless, the treatment
still deserves an important place in the treatment of severe
and resistant neurogenic pain in patients with a life
expectancy of not more than one to two years.

Technique

It is essential that the patient is fully informed about the
procedure and the sensations that he/she may experience
during it. It should be stressed that his/her full coopera-
tion is necessary to obtain an optimal result. A full neu-
rological assessment is performed with special attention
to the sensory qualities (touch, pain, temperature) and
motor power functions.

The patient should be in a dorsal recumbent position.
Under direct lateral vision by use of a C-arm image
intensifier, a marker rule is placed on a spot midway on the
anteroposterior border of the spinal canal at the level
C1–C2. A 22-gauge spinal needle is inserted and advanced
to reach the anterior part of the intrathecal space. To gauge
the depth of insertion of the needle, lateral views can be
alternated with anteroposterior projections. Once the
needle is inside the intrathecal space, 3mL cerebrospinal
fluid (CSF) is aspirated into a 5-mL glass syringe. After the
addition of 2mL of contrast dye (Lipiodol Ultrafluide, a
fatty iodated ester, manufactured by Guerbet Laboratoires,
Aulnay-sous Bois, France), the syringe is shaken well until
an emulsion appears. After intrathecal injection of the
mixture, three lines become visible: the most anterior line
shows the delineation of the anterior border of the spinal
cord, the second line represents the dentate ligament, and
the third line is the projection of the posterior dura mater
(Figures 33.1 and 33.2). The target for insertion of the

electrode is 1mm anterior to the dentate ligament. A
convenient trick is to introduce a small-bore hypodermic
needle through the skin projecting just anterior to the
dentate ligament as a marker. At this site, a 20-gauge
electrode guiding needle is pierced through the skin and
inserted in a direction perpendicular to the spinal cord.
The trajectory of the needle is, therefore, in a horizontal
plane. In the authors’ experience, an upward (more ven-
tral) direction carries the risk of pushing the spinal cord
down by the electrode instead of the electrode entering it.
During verification by alternating lateral and ante-
roposterior projections, the needle is advanced until the
cervical dura is reached. This structure is usually rather
resistant, and the utmost precaution has to be taken to
prevent touching and subsequent damage of the spinal
cord after an abrupt ‘‘give’’ of the dura. After the needle
enters the intrathecal space, and after verification that its
tip is just anterior to the dentate ligament, a Levin ther-
mocouple electrode (Radionics, Burlington, MA, USA) is
inserted through the needle. When the free tip of the
electrode is inside the intrathecal space, the electrical
impedance amounts to approximately 250–400Ohm. After
the needle tip has been introduced into the spinal cord, the
impedance rises three- to four-fold. Stimulation with 2Hz
generally provokes contractions of the longus colli mus-
culature at 0.5–1V. Any other contractions are an indica-
tion that the tip of the electrode is in the corticospinal
(motor) tract. A lesion here would provoke a paresis of the

Figure 33.1 Percutaneous cordotomy, lateral view. After

intrathecal injection through a 22-gauge spinal needle just

ventral to the spinal cord of a mixture of iodated fatty acids

(Lipiodol Ultrafluide) and aspirated CSF, three lines become

visible: the most ventral line shows the delineation of the

anterior border of the spinal cord, the second line represents the

dentate ligament, and finally the third line is the projection of

the dorsal dura mater. A second needle guiding the electrode is

aimed at the target 1.0–1.5mm ventral to the dentate ligament.
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muscles situated within the projection of the interrupted
nerve fibers. Repositioning of the needle more anteriorly is
needed. Sensory tracts are identified by 50Hz stimulation.
When the tip of the electrode is inside the spinothalamic
tract, intensities of 0.1–0.3V can provoke temperature
sensations (warmth or cold) in the corresponding part of
the contralateral body half. After meticulous assessment of
the correct position of the electrode tip by repeated sti-
mulation, an RF lesion is made, resulting in a tip tem-
perature of 901C for ten seconds. Directly following the
lesioning, pinprick tests are performed to assess the dis-
tribution of an analgesic area. Sometimes, one lesion is
sufficient to attain freedom from pain. Mostly, two or three
lesions are necessary with the needle tip in slightly different
positions to reach this goal.

Complications

Complications are: paresis, 0.4–8 percent; urinary reten-
tion, 6–8 percent (mostly temporary); mirror pain, 6–54
percent; respiratory depression, 0–4 percent. Following a
bilateral procedure, the occurrence of sleep apnea is
reported.

Results

In approximately 70 percent of the patients treated by
percutaneous cervical cordotomy (PCC), pain remains
under control until death.11[IV]

Side effects

The known side effects are changed body perception and
loss of temperature sensation in segments under
analgesia.

Discomfort of the procedure to the patient

This procedure can be very demanding for the patient,
who has to be completely immobile in a supine position
for 30–45 minutes. During assessment of the needle
position and making the lesion, it is mandatory that the
patient is fully aware of the procedure. Discomfort to
the patient can be considerably alleviated by using repe-
ated bolus injections or a continuous infusion of an
ultra-short-acting opioid (e.g. remifentanil) during the
procedure. Also, propofol can be used. Appropriate
monitoring by pulse oximetry, electrocardiogram (ECG),
and sphygmomanometry is mandatory.

RADIOFREQUENCY LESIONING OF THE
GASSERIAN GANGLION

History

Percutaneous electric lesioning of the Gasserian ganglion
has a long history, beginning in 1931 when Kirschner1

first described the technique. Sweet and Wepsic4 applied
an RF current and improved the procedure. It is one of
the techniques that has withstood the test of time.
Together with microvascular decompression, RF lesioning
of the Gasserian ganglion is one of the mainstays of
nonpharmacological treatment of trigeminal neuralgia.
Van Zundert et al.10 used PRF treatment of the Gasserian
ganglion in patients with idiopathic trigeminal neuralgia.
A randomized controlled trial comparing the effect of RF
with PRF of the Gasserian ganglion showed longer pain
relief in the group treated with conventional RF.12[II]

Applied anatomy

The Gasserian ganglion is situated in the middle cranial
fossa, dorsal and cranial to the foramen ovale. The oph-
thalmic part is located medially and has the greatest
distance to the foramen ovale. The maxillary cell bodies
and nerve fibers are positioned centrally, whereas the
mandibular section has the most lateral and superficial
location. The position of the ganglion means that all parts
can be reached by a needle entering through the foramen
ovale.

The trigeminal nerve has a mixed composition. The
motor fibers constitute the nervus intermedius, which
accompanies the mandibular nerve and innervates
the pterygoid, temporalis, and masseter muscles. The

Figure 33.2 Percutaneous cordotomy, lateral view. The

contrast needle is removed. The electrode-guiding needle is left

in place and an RF lesion can be applied.

392 ] PART II THERAPEUTIC PROTOCOLS



Gasserian ganglion contains the cell bodies of the first-
order sensory neurons of the trigeminal nerve. Medially,
the Gasserian ganglion is next to the carotid artery and
the cavernous sinus.

Indication

This technique is indicated for trigeminal neuralgia
resistant to drug treatment. In young patients who want
to avoid the risk of numbness of the face, and in patients
with pain in the area innervated by the ophthalmic nerve,
microvascular decompression may be considered.

Technique

The patient is placed in a horizontal recumbent position.
The patient’s head is fixed on a radiolucent head rest by
an adhesive bandage. The intervention is performed
under intermittent intravenous anesthesia with propofol.
Great care must be taken to obtain an optimal picture of
the foramen ovale. For this purpose, the C-arm of the
image intensifier is placed in a caudal/cranial direction at
an angle of approximately 451 to the horizontal plane and
rotated 15–201 sideways. Consequently, a sub-
orbital–occipital projection is obtained. The projection
shows the ascending ramus and the angle of the mandible.
The foramen ovale can be discerned medial to the
ascending ramus. Subsequently, a marker ruler is placed
on a spot on the skin overlying the projection of the
foramen and an ink mark is made.

During the procedure, short periods of general anes-
thesia are necessary. Intermittent administration of
propofol 1–1.5mg/kg is a good choice. Under general
anesthesia, a 22-gauge Sluijter–Metha (thermocouple)
needle electrode with a 2-mm free tip (Radionics) is
inserted at the ink-marked spot on the skin. The direction
of the needle is the same as the direction of the radiation
beam (tunnel-vision technique). The needle is guided
through the musculature of the cheek by the left index
finger, preventing piercing of the oral mucosa. If the oral
mucosa is pierced, the needle has to be taken out and
replaced by another sterile needle to avoid contamination
of intracranial structures. Under fluoroscopic guidance,
the needle is gradually pushed forward in the direction of
the desired target within the foramen ovale (Figure 33.3).
Once the needle enters the foramen, a clear ‘‘give’’ is
perceived by the operator. During lateral fluoroscopy, the
penetration of the needle into the skull base is verified
when the end of the needle coincides with the intersection
of the clivus and the os petrosum (Figure 33.4).

After the patient regains consciousness, electrical sti-
mulation is applied. The patient should now feel par-
esthesiae in the painful area. Thresholds should be below
0.2 V. If stimulation yields a satisfactory outcome, the
patient is anesthetized again and an RF lesion of 60–651C

is made for a duration of 60 seconds. After awakening, a
couple of minutes later, sensibility is tested by pinprick.
Hyperesthesia should be present in the previously painful
area. Special attention must be paid to verifying whether
pain can still be elicited by tactile stimulation of the
trigger area, related to the trigeminal neuralgia. If the test

Figure 33.3 RF lesion of the Gasserian ganglion,

suborbital–occipital projection. The ascending ramus and the

angle of the mandible are visible. The electrode is inside the

needle, which is placed in the central part of the foramen ovale.

Figure 33.4 RF lesion of the Gasserian ganglion, lateral

projection. The projection of the needle–electrode coincides with

the intersection of the clivus and the os petrosum.
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results are unsatisfactory, the needle position should be
adjusted. It can be necessary to reintroduce the needle,
changing its direction to enter the foramen ovale at a
different angle. Some authors advocate the use of a curved
electrode to produce a more selective lesion and a lower
complication rate.

Results

Long-term (years) success rates vary from 80 to 90 per-
cent. Sometimes, multiple treatments are necessary.13, 14

Side effects

Possible side effects include hyperesthesia of the treated
trigeminal branch.

Complications and incidence

Complications include corneal anesthesia/hyperesthesia,
13.7 percent; dysesthesia in the treated area, 5–7 percent;
masseter weakness, 1–2 percent.13

Discomfort of the procedure for the patient

The procedure can be performed during short-acting
intravenous anesthesia on an outpatient basis. The pro-
cedure has a low morbidity; mortality has not been
reported.

RADIOFREQUENCY LESIONING OF THE
SPHENOPALATINE GANGLION

History

Neuroablation of the sphenopalatine ganglion for the
treatment of cluster headache was first reported in the
early 1970s. RF procedures were reported in 1988.15

Applied anatomy

The sphenopalatine ganglion is an autonomous ganglion
containing parasympathetic and sympathetic fibers. The
ganglion is situated within the fossa sphenopalatina, just
lateral to the foramen sphenopalatina, and has close
relationships with the maxillary nerve and its branches
(nervi alveolares). The foramen sphenopalatinum con-
nects the fossa sphenopalatinum with the cavum nasi. The
fossa can be reached by a laterally placed needle entering
through the triangle formed by the zygoma and the
muscular and articular processus of the mandible.

Indications

This procedure is indicated by cluster headaches that are
unreactive to conservative therapy (drugs, oxygen).15

Technique

The patient is placed in a horizontal recumbent position.
The head is fixed on a radiolucent headrest by an adhesive
bandage. Although the procedure can be carried out
under local anesthesia, intermittent intravenous anesthe-
sia is preferred because the introduction of the needle is
painful.

Under lateral fluoroscopic projection, the projection of
the sphenopalatine fossa can be seen in its narrow tri-
angular form. A marker ruler is placed on the projection
of the foramen sphenopalatinum and an ink dot made on
the skin overlying the target.

The needle is inserted more caudally, just inferior to
the zygoma, and directed medially. Often, several
attempts are needed to direct the needle to the fossa, as
bony structures can obstruct the passage. In our experi-
ence, it is virtually always possible to arrive at the desired
target (Figures 33.5 and 33.6). It is important that the
needle is not directed too far cranially as this risks the
needle entering the dorsal part of the orbita. In the lateral
fluoroscopic projection, this is at the cranial part of the
fossa. In the anteroposterior fluoroscopic projection, the
needle tip just projects over the ipsilateral os nasale. The
target is localized approximately 6–7 cm under the skin.

Figure 33.5 RF lesioning of the sphenopalatine ganglion,

lateral projection. The projection of the sphenopalatine fossa

can be seen in its narrow triangular form. The electrode tip is

positioned in the foramen sphenopalatinum.
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In the awake patient, stimulation is performed using a
50-Hz current. Paresthesiae should not be felt at o1.0 V.
Otherwise, the tip of the electrode is too near to the
maxillary nerve. Damage to this nerve can cause numb-
ness and dysesthesia.

When the electrode is in the correct position, an RF lesion
is made at 801C for 60 seconds, concluding the procedure.

Indication

The indication for this procedure is cluster headache.

Results

In episodic cluster headache, complete pain relief has
been achieved in 60 percent of patients. In chronic cluster
headache, complete relief has been achieved in 30 percent
of patients.15

Complications

The following complications have been observed: hyper-
esthesia due to involvement of the maxillary nerve (5
percent), epistaxis, cheek hematomas (10 percent), and
bleeding of the nasal mucosa (needle entering the cavum
nasi via the foramen sphenoplatimum).

Efficacy of treatment

Studies on the results of the technique are scarce. Con-
trolled studies are not available. Sanders and Zuurmond16

[IV] reported on a series of 66 patients with cluster
headache. RF lesioning of the sphenopalatine ganglion
resulted in complete remission in 67 percent of patients,
whereas partial relief was obtained in 18 percent.

RADIOFREQUENCY LESIONING FOR THE
TREATMENT OF SPINAL PAIN

Applied anatomy of the spine

The innervation of the spine is complex and has been well
described by Bogduk.17 The spine can be divided into
dorsal and ventral compartments.

Dorsal compartment

The dorsal compartment of the spine contains the facet
joints (zygapophyseal joints), the dorsal part of the dura,
and intrinsic neck/back muscles and ligaments. The dorsal
compartment of the spine is innervated by the posterior
primary ramus, which branches off the segmental nerve
immediately after it exits from its foramen. It runs in a
groove formed by the superior articular and transverse
processes, where it divides into a medial and a lateral branch.

Ventral compartment

The ventral compartment contains the vertebral bodies,
disks, anterior and posterior longitudinal ligaments,
ventral dura, and prevertebral muscles. Innervation of the
ventral compartment is not related to single nerves, but
more to interconnected neural networks in the anterior
and posterior longitudinal ligaments and ventral dura.
Fibers from the nervous plexus in the posterior long-
itudinal ligament innervate the outer layer of the dorsal
aspect of the annulus fibrosus. This plexus is mainly
formed by branches from bilateral sinuvertebral nerves.
The nervous plexus in the anterior longitudinal ligament,
supplied with fibers from the sympathetic, the rami
communicantes, and perivascular plexuses, innervates the
anterior part of the annulus fibrosus bilaterally and
multisegmentally.

RADIOFREQUENCY LESIONING IN THE
CERVICAL AREA

RF treatment for cervical pain syndromes is utilized for
the following main diagnostic categories:

� Cervical pain, defined as pain originating from the
facet joints or from the intervertebral disk.17, 18

� Cervicobrachialgia, defined as pain originating from
the cervical spine radiating from the neck beyond the

Figure 33.6 RF lesioning of the sphenopalatine ganglion,

anteroposterior projection. The tip of the electrode is projected

slightly medial to the right os nasale.
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glenohumeral joint into the upper limb with referral
to a particular spinal segment.

� Cervicogenic headache is a clinically defined
headache syndrome hypothesized to originate from
cervical nociceptive structures. The structures
responsible for it have not been defined.19 Each
different pain syndrome may have more than one
nociceptive source. As a consequence, more than one
RF treatment modality may be required to relieve the
patient’s pain.

Two RF procedures in the cervical area are applied to
reduce nociception:

1. Percutaneous cervical facetal joint denervation.
2. RF lesion of the dorsal root ganglion.

PERCUTANEOUS CERVICAL FACETAL JOINT
DENERVATION BY RADIOFREQUENCY
LESIONING

Indications

� Nociceptive pain emanating from the facetal joint.
� Clinical manifestations:

– localized cervical pain;
– cervicogenic headache.

Technique

For an RF lesion of the medial branch of the dorsal ramus
in the upper and middle cervical area, the patient is
positioned prone on the operating table. The C-arm is
positioned slightly oblique so that the beam of radiation
is parallel to the axis of the intervertebral foramen, which
is upwards and slightly caudal. In this position of the C-
arm, the segmental nerves exit parallel to the line of the
radiation beam. Since the electrodes will be introduced
from the posterolateral side, this projection will make it
easy to maintain a safe distance between the electrode tip
and the exciting segmental nerve. The dorsal ramus in this
projection runs over the base of the superior articular
process, which is clearly visible (Figures 33.7 and 33.8).
Entry points are marked posterior to the posterior border
of the facetal column and slightly caudal to the target
point. A Sluijter–Metha (SMK), 22-gauge, C5 cannula
with a 4-mm active tip (Radionics), or alternatively a
TOP XE 6 needle (COTOP, Amsterdam, The Nether-
lands), is introduced and carefully advanced anteriorly
and cranially until contact is made with the facetal col-
umn at the target point. The position of the C-arm is then
changed to the anterior–posterior (AP) direction. This
should confirm the position of the tip of the electrode
adjacent to the ‘‘waist’’ of the articular pillars of the cer-
vical spine at the corresponding level.

At the C2 level, the electrode should be aimed at the
small branches of the C2–C3 facet joint and not at the
medial branch of C2, which is the greater occipital nerve.
A suitable electrode placement is at the arch of C2 at the
level of the upper border of foramen C3.

Figure 33.7 Percutaneous cervical facetal joint denervation by

RF lesioning. Oblique view. In the transverse plane, the angle of

the C-arm with the horizontal is about 301 and in the sagittal

plane it is 75–801. The needle tips are projecting on the base of

the superior articular processes.

Figure 33.8 Percutaneous cervical facetal joint denervation by

RF lesioning in the AP direction. The tips of the electrodes are

adjacent to the ‘‘waist’’ of the articular pillars of the cervical

spine at the corresponding levels.
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After this anatomical localization, electrical stimula-
tion at a rate of 50Hz should elicit a response (tingling
sensation) in the neck ato0.5 V. On motor stimulation at
2Hz, there must be no muscle movements in the ipsi-
lateral shoulder/arm. However, contractions of the mul-
tifidus muscles are often visible. After this physiological
control, the medial branch of the dorsal ramus is anes-
thetized with 1–2mL local anesthetic solution (lidocaine
(lignocaine) 10mg/mL), and an 801C RF thermolesion is
made for 60 seconds at each level. When a TOP XE needle
is used, 20 V over 60 seconds is applied, resulting in a
heating of the relevant tissue to a temperature of 801C.
When performing this technique, one should take care
not to insert the needle too close to the mixed segmental
nerve. A lesion should not be applied when muscle
contractions occur at 2Hz stimulation at a voltage less
than 1.0 V.

Side effects

There have been no reports in the literature of compli-
cations from cervical facet joint denervation when the
procedure is performed as described above. There may be
some postoperative burning pain in 10–20 percent of
patients that disappears spontaneously after some weeks.

Results

In 1996, Lord et al.20[II] performed a randomized, dou-
ble-blind, controlled trial in patients with chronic pain of
the lower cervical facet joints after whiplash injury. They
concluded that in patients with chronic facet joint pain,
confirmed with double-blind, placebo-controlled local
anesthetic blocks, percutaneous RF neurotomy with
multiple lesions of target nerves can provide long-lasting
pain relief. Another more recent study indicated that pain
relief was observed in 71 percent of patients after the
initial procedure. The median duration of pain relief was
219 days if failures are included, but 422 days when only
successful cases are considered.21

PERCUTANEOUS RADIOFREQUENCY
LESIONING OF THE CERVICAL DORSAL ROOT
GANGLION

Indication

Percutaneous RF lesioning of the cervical DRG is indi-
cated in nociceptive pain emanating from one segment in
the cervical area. Most patients present with a cervico-
brachial pain or cervicogenic headache.

The level involved in the pain syndrome is selected by
means of diagnostic segmental nerve blocks.

Contraindication

Sensory deficit in the painful area.

Technique

DIAGNOSTIC ROOT BLOCKS

For the selection of the putative pain-conducting nerve
root, a series of consecutive selective root blocks is per-
formed. In this technique, the C-arm is positioned in such
a way that the direction of the radiation beam is parallel to
the axis of the foramen. In the transverse plane, this axis
has an angle to the horizontal of 25–351, and in the sagittal
plane an angle of 75–801 to the horizontal. With the C-arm
in this position, the entry point is found by projecting a
metal ruler over the caudal part of the foramen. A 50-mm,
22-gauge neurography needle (Radionics) is inserted in the
direction of the radiation beam and directed to the caudal
part of the foramen (Figure 33.9). In this ‘‘tunnel-vision’’
projection, the needle should appear as a dot on the
monitor screen. The direction of the radiation beam is
than changed to anteroposterior, and the cannula is further
introduced until the tip is projected just lateral from the
facetal column. After identifying the segmental nerve root
with 0.5mL contrast dye (iohexol; Omnipaque 250),

Figure 33.9 RF lesioning of the cervical dorsal root ganglion.

The C-arm is positioned in such a way that the direction of the

radiation beam is parallel to the axis of the foramen. In the

transverse plane, the angle with the horizontal is approximately

301, and in the sagittal plane is approximately 15–201. In
‘‘tunnel-vision’’ projection, the needle is seen as a dot on the

monitor screen.
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0.5mL of lidocaine 20mg/mL is slowly injected. The
position of the needle tip is critical because if the place-
ment is too medial this results in epidural overflow,
whereas if the placement is too lateral this can lead to
spread of the local anesthetic into the nervous plexus,
neither resulting in a selective block.22

RADIOFREQUENCY LESIONING AND PULSED
RADIOFREQUENCY DORSAL ROOT GANGLION

After identification of the pain conduction nerve root, an
RF lesion of the dorsal root ganglion (DRG) can be
performed. The same viewing technique and entry point
is used as described in the diagnostic segmental root block
technique.

The cannula (Radionics SMK C5 with a 4-mm exposed
tip) is introduced in the direction of the radiation beam and
advanced until the electrode appears on the screen as a dot.
In practice, this dot should lie directly over the dorsal part of
the intervertebral foramen at the transition between the
middle one-third and the most caudal one-third. This dorsal
position is chosen in order to avoid possible damage to the
motor fibers of the segmental nerve and to the vertebral
artery which runs anterior to the ventral part of the foramen
(Figure 33.10). The direction of the radiation beam is then
changed to anteroposterior and the cannula is further
advanced until the tip is projected over the middle of the
facetal column (Figure 33.11).

The stylet is now replaced by the RF electrode probe.
After checking the impedance, electrical stimulation is

started at a rate of 50Hz. The patient should feel a tin-
gling sensation at voltages between 0.4 and 0.65 V. Next,
the frequency is changed to 2Hz, and the patient is
observed for muscle contractions. These should not occur
below a voltage of 1.5 times the sensory threshold.
Afterwards, 0.5mL of contrast medium (Omnipaque) is
injected, to exclude an accidental intradural or intravas-
cular position of the electrode, and 2mL of local anes-
thetic solution (lidocaine 20mg/mL) is administered. An
RF current is applied through the electrode in order to
increase the temperature at the tip slowly to 671C for 60
seconds.

Pulsed RF lesioning of DRG has been studied recently.
The PRF current is applied for 120 seconds.9, 23

Side effects

A side effect which is often seen after radiofrequency
lesioning (40–60 percent) is a mild burning sensation in
the treated dermatome, which subsides spontaneously
after some weeks. This burning pain is probably the result
of swelling in the vicinity of the segmental nerve. A slight
hypoesthesia may occur, but usually disappears after
several months. After pulsed radiofrequency, no neuro-
logic complications have been mentioned up to now.

Efficacy of treatment

There are several publications in the literature evaluating
the results of RF lesioning in chronic cervical pain and
cervicobrachialgia using 22-gauge equipment.

Figure 33.11 RF lesioning of the lumbar dorsal root ganglion.

The tip of the electrode is placed in the craniodorsal part of the

foramen.

Figure 33.10 RF lesioning of the cervical dorsal root ganglion.

C-arm in the anteroposterior direction. The cannula is

introduced until the tip is projected midway to the facetal

column. Injection of contrast dye makes the nerve root visible.
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In a prospective double blind randomized study of 20
patients with chronic intractable pain in the cervical
region radiating to the head, shoulder, and/or arm, Van
Kleef et al.24[II] showed initial pain relief in 75 percent of
patients after three months and in 50 percent of patients
after six months.

A study comparing groups treated with 671C and those
treated with 401C RF lesions could not demonstrate any
difference.25[II] A possible explanation given by the
authors for lack of differences between the two groups is
that a 401C lesion is also an active treatment.

Studies about the efficacy of RF DRG in cervicogenic
headache are not available.

The effect of PRF treatment patients with chronic
cervical radicular pain was evaluated in a prospective
audit that showed satisfactory pain relief for a mean
period of 9.2 months, justifying a randomized sham
controlled trial.

Twenty-three patients, out of 256 screened, met the
inclusion criteria and were randomly assigned in a dou-
ble-blind fashion to either receive PRF or sham inter-
vention. The evaluation was carried out by an
independent observer.

At three months, the PRF group showed a significantly
better outcome with regard to the global perceived effect
(450 percent improvement) and visual analog scale (20
point pain reduction). The quality of life scales
also showed a positive trend in favor of the PRF group but
significance was only reached in the SF-36 domain
vitality at three months. The need for pain medication
was significantly reduced in the PRF group after six
months. No complications were observed during the
study period.

These study results are in agreement with the findings
of a previous clinical audit that PRF treatment of the
cervical DRG may provide prolonged pain relief in care-
fully selected patients with chronic cervical radicular
pain.26[II]

RADIOFREQUENCY LESIONING IN THE
LUMBAR AREA

Spinal pain located in the lumbar area is frequently
encountered in medical practice. Some studies indicate
that 70–80 percent of the adult working population
experience lumbar pain at some stage of their life.
In less than 15 percent of patients, specific pathology is
found such as disk herniation, spondylolisthesis, spinal
stenosis, or infections. In the remaining patients, the pain
resolves within a few weeks, and in approximately two
months 80 percent of patients return to normal function.
In about 5–12 percent of this population, the complaints
last for a longer period; generally, after a duration of six
months, spontaneous relief from pain is often not
complete.

PERCUTANEOUS RADIOFREQUENCY LUMBAR
FACETAL JOINT DENERVATION

Indication

Percutaneous RF lumbar facetal joint denervation is
indicated in mechanical low back pain emanating from
the facetal joints.

Patients are selected for the RF procedure after a
positive response to a diagnostic block of the medial
branch of the dorsal ramus.

Technique

With the patient prone on the operating table, the C-arm
image intensifier is positioned in a slightly (10–151)
oblique position until the junction between the superior
border of the transverse process and the lateral aspect of
the superior articular process is clearly visible at the levels
L4 and L5, and the junction of the ala of the sacrum and
the articular process of the sacrum at level S1 is also
visible. In these locations, the medial branches of the
posterior primary rami of the L3, L4, and L5 segmental
nerves run in a posterior direction on their way to the
groove on the posterior aspect of the base of the trans-
verse process or of the sacral ala, respectively. Entry points
are marked overlying these junctions and the area is
disinfected and draped. A 22-gauge SMK C10 cannula
with a 5-mm active tip is introduced at each entry point
in the direction of the radiation beam. Each of the three
cannulas is carefully advanced, checking the proper
direction following each step until the tip makes contact
with bone at the posterior aspect of the junction. The
cannula is then redirected in a slightly more cranial and
lateral direction until contact with bone is lost. The
position of the cannula is then checked on the lateral
fluoroscopic projection. The depth is adjusted until
the tip of the cannula is at the level of a line connecting
the posterior aspects of the intervertebral foramina
(Figure 33.12).

The stylet of the cannula is replaced by an RF probe
and electrostimulation at 2Hz is carried out to confirm
the proximity of the electrode to the medial branch and
to exclude inadvertent proximity to the exiting segmental
nerve. When muscle contractions in the multifidus
muscle do not occur below a voltage of 1.0 V, the can-
nula is repositioned. The absence of contractions of leg
muscles is verified at 1.5 V. Once the position of the
electrode is satisfactory, the RF probe is removed from
the cannula and 1mL of lidocaine 10mg/mL is injected
through each cannula. The RF probe is then reinserted
and a 60-second 801C lesion is made. When a TOP XE
needle is used, 20 V for 60 seconds is applied to the
electrode. PRF treatment of the lumbar facetal joints was
recently studied, applying the PRF current over four
minutes.27[III]
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Side effects

Although no side effects have been reported after RF
lumbar facetal joint denervation, caution should be taken
that the electrode is not too close to the segmental nerve
(check lateral view).

Efficacy of treatment

The first prospective, controlled, double-blind rando-
mized study to assess the efficacy of RF facet joint
denervation was conducted by Gallagher et al.28 After
diagnostic blocks, 41 patients were randomized as they
entered the study to undergo either RF facet joint
denervation or a placebo procedure, which was identical
in every way apart from the heat lesion. The study showed
a significant improvement in pain scores following
denervation at one and six months when compared with
the placebo group. A recent randomized study indicated
that RF lesioning of the medial branch of the primary
posterior ramus results in a significant alleviation of pain
and functional disability in a selected group of patients
with chronic nonspecific low back pain.29 Of the 42
patients who underwent RF treatment, 45 percent
reported at least 50 percent pain relief two years after
treatment or at the last follow up. This relief of pain was
associated with an improvement in most activities in the
patient’s daily life. A randomized controlled trial com-
paring RF with PRF of the medial branches of dorsal rami
in the treatment of facetal pain showed longer lasting pain
relief with conventional RF.27[III]

RADIOFREQUENCY LESION OF THE LUMBAR
DORSAL ROOT GANGLION

Indication

RF lesion of the dorsal lumbar root ganglion is indicated
in radicular pain without sensory motor function
disturbances.

Nerve root pain is characterized by dermatomal
spread, usually into the lower leg and often into the foot.
The main clinical symptoms are irradiating pain in a
dermatome, and pain on straight leg raising. The diag-
nosis is established by pain relief after a selective nerve
root block. If there is no sensory deficit, an RF lesion of
the dorsal ganglion has been proposed.30

Contraindication

Sensory deficit in the painful area.

Technique

DIAGNOSTIC ROOT BLOCKS

For the selection of the putative pain-conducting nerve
root, a series of consecutive selective root blocks is per-
formed. With the patient prone on the operating table,
the C-arm is positioned in the AP direction. A 100-mm
22-gauge neurography needle (Radionics) is introduced at
an entry point 8 cm from the midline and 4 cm caudal to
the relevant transverse process. The electrode is carefully
advanced in the direction of the caudal part of the corpus
vertebrae until the tip is projected just lateral from the
facetal column. After identifying the segmental nerve root
with 0.5mL contrast dye (Omnipaque 250), 0.5mL of
lidocaine 2 percent is slowly injected.

RADIOFREQUENCY LESION

An SMKC10 (100mm) cannula with a 5-mm active tip is
introduced at an entry point 8 cm from the midline and
4 cm caudal to the relevant transverse process. The elec-
trode is carefully advanced to make contact with the
junction of the lower border of the transverse process and
the lamina. It is then manipulated slightly caudally and
anteriorly until it slips into the craniodorsal part of the
foramen. It is advanced until the tip is projected over the
middle of the facetal column (Figures 33.13 and 33.14).
Next, the posterior position in the foramen is confirmed
on the transverse projection. The stylet is now replaced by
an RF probe. After checking the impedance, electrical
stimulation is started at 50Hz. The patient should feel a
tingling sensation at voltages between 0.4 and 0.65 V.

The frequency is then changed to 2Hz and the patient
is observed for muscle contractions. These should not

Figure 33.12 RF lesioning of the lumbar dorsal root ganglion.

In the anteroposterior projection, the tip of the electrode should

be projected on a line connecting the facetal joints.
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occur below a voltage of 1.5 times the sensory threshold.
Omnipaque (0.5mL) is then injected in order to exclude
an accidental intradural positioning of the electrode, and
this is followed by 2mL lidocaine 20mg/mL.

RF current is then applied through the electrode
(Radionics RFG 3) to increase the temperature at the tip
to 671C. The temperature is maintained for 60 seconds.

For L5, the approach may be more difficult owing to
the iliac crest. The utilization of tunnel vision is then
preferable. The dorsal root ganglion of S1 cannot be
reached with a straight instrument. For an RF DRG at this
level, a small hole has to be drilled with a Kirschner wire
into the dorsal aspect of the sacrum.

Efficacy of treatment

A recent randomized trial using the reduction of pain,
change in physical activities, and use of analgesics as its
primary outcome criteria, could not demonstrate an
efficacy of a 671C RF lesion compared with placebo
treatment.30[II]

RADIOFREQUENCY LESIONING OF THE
LUMBAR SYMPATHETIC GANGLIA

Indication

Diffuse pain in the leg with autonomic dysfunction. In
patients with neuropathic radicular pain, autonomic
symptoms are observed quite frequently. Patients present
with a nonsegmental pain in the leg in combination with
diffuse sensory loss and a cold extremity. The diagnosis
of sympathetically maintained pain can be asserted
by diagnostic sympathetic blocks. If temporary pain relief
is achieved with these blocks, RF lesioning of the
sympathetic chain may be considered.

Contraindication

Following a diagnostic block, only a temperature rise of
the leg is observed without a concomitant pain reduction.
Here, an RF lesion can result in an increase of pain.

Technique

This block is usually performed at the L3 and L4 levels.
With the patient prone on the operating table, the C-arm
is positioned in an oblique direction so that the spinous
processes are projected over the facetal joint column of
the opposite side. An entry point is selected overlying the
side of the vertebral body at the junction of the lower and
middle third of the vertebra. A 20-gauge SMK C15 can-
nula with a 10-mm active tip is introduced under tunnel
vision. It is carefully advanced, passing cranial to the
segmental nerve and avoiding contact with the perios-
teum of the vertebral body.

Figure 33.13 RF lesioning of the lumbar dorsal root ganglion,

lateral projection. The tip of the electrode is visible in the

craniodorsal part of the foramen.

Figure 33.14 RF lesioning of the lumbar dorsal root ganglion,

anteroposterior projection. The tip of the electrode is visible

medial to the lateral border of the vertebra at a line connecting

the openings of the facetal joints between the first and fourth

lumbar vertebra.
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The position is then checked on the transverse and AP
projections. The tip should lie level with the anterior
margin of the vertebra and just medial to the middle of
the facetal column. This is important to avoid damage to
the ilioinguinal nerve. Injection of contrast should show
the typical spread of contrast. To exclude the involvement
of somatic nerve structures (e.g. nervus ilioinguinalis,
nervus genitofemoralis), stimulation with 50Hz is
applied. During stimulation with an intensity up to 2V,
no sensations may be felt in the distribution areas of these
nerves. Subsequently, 2mL lidocaine 20mg/mL is injected
and an 801C RF lesioning is applied for 60 seconds.

Side effects

Side effects include temporary swollen and hot foot on
the treated side. The side effects subside in one to two
weeks.

Complications

Complications include neuritis of the ilioinguinal or
genitofemoral nerve and complaints of burning dyses-
thetic pain in the inguinal region and the inner side of the
thigh.

Efficacy of treatment

More than in neurolytic blocks, the exact positioning of
the needle (electrode) tip is of crucial importance. Only
when the needle is in the direct vicinity of the sympathetic
ganglion does a lesion result in neurolysis. A study
comparing the results of RF lesioning or phenol injection
showed a distinct superiority of the latter.31[IV]
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KEY LEARNING POINTS

� Spinal cord stimulation (SCS) is indicated for the

control of neuropathic pain of peripheral origin and of

ischemia-related pain. Emerging indications include pain

of visceral origin.
� The evoked paresthesiae must topographically map the

affected pain region in order to have a pain-relieving

effect.
� SCS is not a stand-alone treatment and should be

applied within a multidisciplinary management

setting in order to achieve good long-lasting

results.
� SCS should be carried out by experienced (if not, then

supervised) clinicians skilled in the implant technique.
� Care pathways and clinical networks should be

developed to ensure that all patients who would benefit

from SCS have access to it.
� The efficacy of SCS in reducing pain and

disability is dependent on good patient

selection. Explanation of the therapy to patients

to produce appropriate patient expectation is

essential.
� All implants should be carried out within an operating

theater environment. Prophylactic antibiotics against

skin commensal bacteria are given during the

procedure.

� The stimulating electrodes can be implanted

percutaneously through epidural needles under

image intensifier assistance or under direct vision

using a surgical laminotomy. The chosen method

should be based upon the interests of the patient

first and preferred choice of the implanter

second.
� This reversible therapy allows the patient to be

tested to see if the SCS effect is beneficial in the

short term. Although this makes intuitive sense,

there remains a debate as to whether long-term

benefits can be accurately predicted from a

short-term trial period and what the ideal trial period

should be.
� Complications involving permanent neurological

harm are very rare. However, biological and

implant complications are quite common over

the lifespan of the implant. Improvements in

technology and implant technique will reduce these

complications.
� The implanter has a duty of care to the patient

for the period of implantation. It is essential

that appropriate follow up and communication

arrangements are made as the lifetime of the implant

dictates.



INTRODUCTION

SCS (formerly known as dorsal column stimulation) has
evolved considerably over the last four decades.1, 2 Neu-
romodulation is a family of treatments with SCS the most
common, and is defined as the reversible therapeutic
interaction of activity of the central, peripheral, and
autonomic nervous system with electrical or centrally
applied pharmacological agents.

The Gate Control theory of pain in its simplest form
explained how nociceptive information could be modu-
lated peripherally and centrally by other nonnociceptive
sensory activity.3 This simple model, however, does not
fully explain the pain-relieving qualities of SCS since
experience and investigation have shown that SCS is not
helpful in nociceptive pain but rather neuropathic pain of
peripheral origin and ischemic pain. The mechanisms of
action of SCS are discussed in Chapter 20, Neuro-
stimulation techniques in the Chronic Pain volume of this
series, but Figure 34.1 summarizes some of our knowl-
edge.4, 5

For pain relief using SCS it is crucial that the pleasant
paresthesiae are felt by the individual in the area of their
pain. The goal of both implanter and manufacturer is to
achieve as near to 100 percent topographical paresthesiae
coverage and to maintain this long term.6

This explains the emergence of multiple electrode
systems with ever more programming ability so that, if
necessary, multiple programs can be run simultaneously
in order to achieve maximal paresthesiae coverage.7, 8, 9, 10,
11, 12

In order to power this and to stay cost effective, it has
been necessary to develop rechargeable systems combin-
ing complexity of stimulation without reducing longevity
(see Table 34.1).13

Within the broad indications of neuropathic pain
of peripheral origin and ischemic pain, there are the
following common clinical syndromes:

1. neuropathic back and leg pain following spinal
root injury (often known as failed back surgery
syndrome (FBSS));14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24

2. complex regional pain syndromes;24, 25, 26, 27, 28,
29, 30, 31

3. painful polyneuropathy;32, 33, 34

4. angina pectoris;35, 36, 37, 38, 39, 40, 41, 42

5. critical limb ischemia.43, 44, 45, 46

Together, these five diagnostic groups are the main indi-
cations for SCS but others, such as the visceral pain
syndromes, are emerging indications.47, 48, 49, 50, 51, 52, 53

Historically, SCS tends to be positioned in most therapy
algorithms as a treatment of late resort. Recent high quality
randomized prospective comparison trials of clinical and
cost effectiveness have suggested that SCS should be con-
sidered earlier in disease and symptom management. Two
prospective trials in FBSS have compared SCS against a
surgical comparator, such as is common practice in the
USA, and against a package of best medical practice which
is more common in other healthcare economies. In both
studies, SCS has been shown to offer better outcomes for
pain and downstream healthcare usage. In the latter study
(PROCESS) which also measured quality of life in FBSS
patients before and after treatment, it was highlighted just
how poor self-assessed quality of life was in this patient
group and how effective treatment (as seen with SCS)
enhanced quality of life as well.15, 17

SCS appears to be a safe therapy with only rare reports
of harm. Evidence and consensus is that SCS is best carried
out in centers with experience in all aspects of clinical and
resource management. This includes patient and device
selection, implantation, troubleshooting, and audit.54

As chronic pain understanding and therapies have
evolved, it has become more important to develop care
pathways and treatment networks so that all patients who
need SCS can have access, even if not provided by a single
center.
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ANATOMY AND THE NEURAL INTERFACE

SCS electrodes are placed in the epidural space, either
directly via a limited laminotomy using plate electrodes or
percutaneously using cylindrical electrodes through modified
epidural needles. An electrical field is generated that targets
the exact spot within the dorsal columns that processes
sensory information of the site that is to be treated. This
represents an electrical challenge because of the variable
distance between the dorsal columns and the cathode
(thickness of cerebrospinal fluid (CSF)), as well as the con-
ductivity of the bone, dura, blood vessels, and fat.

Holsheimmer55, 56, 57 described this in detail and produced a
computer model with relevance to electrode lead selection,
current control technology, and voltage or current constancy.

The dorsal columns’ sensory homunculus changes as
the cord ascends. The spinal cord ascends from L1/2 with
the sacral segments taking up position in the midline and
sulcus with progressive layering of fibers from the lumbar
region and thoracic and cervical region laterally.58, 59

Barolat and Holsheimmer have described the probability
of achieving stimulation in the various parts of the body
at each spinal level (Figure 34.2). This knowledge helps
the implanter to site the electrodes optimally.

Table 34.1 Comparison of three different rechargeable spinal cord stimulator systems.

Parameter Medtronic ‘‘restore’’ Advanced bionics
‘‘precision’’

ANS ‘‘EonTM’’

Number of electrical contacts 16 16 16

Vertebral segments covered 2 1 2

Battery fife (FDA labeling) 9 years (power level not

defined by FDA)

5 years medium power 7 years high power

Battery strength (mA) 300 200 325

Zero-volt battery technology? No Yes No

Battery warranty 1 Year 5 Year 1 year

Current delivery Constant voltage for each

array

Constant current

independent for each

electrical contact

Constant current for each

array

Frequency range Maximum=260 pulse/

second Hz

Maximum= 1200 pulse/

second Hz

Maximum= 1200 pulse/

second Hz

Multiplexed channels per

program

Up to 4 Up to 4 Up to 8

1 set at 130 Hz 1 set at 1200Hz 1 set at 1200 Hz

2 sets at 130 Hz 2 sets at 130 Hz 2 sets at 600Hz

4 sets at 65 Hz 4 sets at 80 Hz 4 sets at 300Hz

8 sets at 150Hz

Maximum pulse width

(microseconds)

450 1000 500

Number of programs 1 to 32 1 to 4 1 to 24

Multistims 4 4 8

Current steering Manual Automatic Manual

Compatible percutaneous

leads

6 1 5

Compatible surgical leads 4 1 10

Maximum implantation depth 2.5 cm 2.0 cm 2.5 cm

Size 72 gm/39 cc 36 gm/22 cc 75 gm/42 cc

Magnet option No No Yes

Recharge time (after complete

discharge)

6 hours (battery might not

tolerate more than three

complete drains)a

4 hours 4–5 hours

Charging mechanism Portable charge availableb Portable charge with

possible heat build up

AC plug required

aThe statement ‘‘battery might not tolerate more than three complete drains’’ warrants clarification. If the battery has reached a level where recharge is
required everyday, the patient will be prompted to begin recharging. Technically, if the device is over-discharged for longer than 60 days three separate times,
the battery should be replaced. Medtronic writes, ‘‘If the patient is not motivated to recharge for three consecutive cycles of 60 days, there is a good chance
that the therapy is not adequate and the stimulator should be explanted anyway’’.
bThe Restore recharger by Medtronic contains a temperature sensor that will disable the recharger to ensure it stays below 411C (a standard to ensure
patient comfort and safety).
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Some SCS implanters believe that most patients will have
a ‘‘sweet spot,’’ such that a single cathode placed in exactly
the right place will evoke paresthesiae wherever the patient
needs. In some this holds true but most now believe that
multiple electrodes placed close together over two spinal
levels with current splitting control and multiple simulta-
neous programs probably offers the best chance of 100
percent coverage maintainable without lead repositioning.

The developments of clinical technique and device
technology are instrumental in the reduction in require-
ment for revision procedures of SCS due to loss of
topographical paresthesiae or pulse generator exhaustion.

INDICATIONS

SCS is not a useful treatment for nociceptive pain such as
musculoskeletal or joint pain.

SCS is used for neuropathic pain of peripheral origin
and ischemic pain syndromes. New reports for its use
accumulate, including visceral pain syndromes such as
interstitial cystitis and irritable bowel syndrome.

The most common indications are:

� chronic neuropathic pain of radicular origin with or
without previous spinal surgery (also known in the
literature as FBSS);

� complex regional pain syndromes type 1 and 2;
� refractory angina pectoris;
� pain of critical limb ischemia secondary to occlusive

and vasospastic disease.

PATIENT SELECTION

There are few absolute contraindications to SCS other
than psychotic illness, dementia, local sepsis, continuing

systemic infection, and titanium allergy. However, before
recommending SCS, there are several relative contra-
indications which an experienced implanter will need to
take into account, as described below.

Bleeding disorders

Anticoagulated patients receiving warfarin will need to be
converted temporarily to heparin to enable more rapid
reversal of anticoagulation during periods of surgery, the
main risk being epidural hematoma. Patients with bleeding
disorders should have this corrected before implantation.

Major anatomical abnormality of the spine

Scarring of the epidural space, kyphosis, scoliosis, or canal
stenosis may make accurate lead placement difficult using
percutaneous electrodes, but can be resolved occasionally
using a surgical lead under direct vision.

Patients with implanted pacemakers or
defibrillation devices

The advice of the manufacturer should be sought.

Morbid obesity

Technical factors may make lead placement or anchoring
difficult. Also, the patient may not tolerate positioning such
as the prone position for the duration of the procedure.

Unresolved psychological factors

Much has been written about the need for psychological
assessment prior to a trial of SCS. We believe that it is
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important to make a multidimensional biopsychosocial
assessment of a patient with chronic pain. This may require
specialists within the pain team, such as a physiotherapist,
with cognitive and behavioral training and counseling psy-
chologist. There may be aspects of each patient’s pain, dis-
ability, and suffering that are important and will not be
affected by medical pain treatment alone and should,
wherever possible, be identified in advance. This is common
to all medical pain treatment and is not specific to SCS. If
doubt exists, a formal psychological assessment (psycholo-
gist specializing in pain) should be sought. This may enable
useful coping strategies such as pacing to be started, and
unhelpful coping strategies, for example fear avoidance, to
be challenged thus helping to achieve better long-term pain
and disability improvements with SCS.

An understanding by the patient that SCS is ‘‘treating
the pain itself ’’ is essential. Cure seeking or unrealistic
pain and disability improvement are not good prognostic
signs before a trial of SCS. Patients with active psychotic
illness, untreated nonpain-related depression, hysteria,
somatoform disorders, and secondary behavioral gains
are not likely to benefit from medical pain relieving
interventions and should, whilst in existence, be regarded
as a contraindication for SCS.61, 62, 63, 64

A TRIAL OF SCS OR FIRST STAGE OF
PROCEDURE

SCS is an expensive and invasive therapy, although of low
risk. The likelihood of worsening pain is extremely unli-
kely but morbidity, such as the need for revision proce-
dures for lead migration or breakage or explantation due
to nosoconial infection, are not uncommon.

The procedure can be divided into two stages so
allowing a period for the patient to experience SCS with a
temporary percutaneous system. The purpose of a trial is
to ascertain whether the evoked paresthesiae can be
maintained adequately to topographically match as much
of the patient’s pain as possible, to ensure that the par-
esthesiae are tolerated and finally to give an indication as
to whether there are short-term reports of pain relief. The
assumption being that if all these criteria are met then
there is a good chance of long-term pain relief with SCS.

A trial of SCS involves the insertion of a specialized SCS
lead into the epidural space. For the purposes of ascertaining
whether SCS is efficacious a lead can be inserted, using the
approaches referred to later, percutaneously. Simple fixation
to the skin and coverage with a sterile dressing suffices
during the period of trial. If the trial is successful, the lead
can be removed by simply applying traction to it. This has
the advantage of enabling a more simple insertion and
removal for the trial to occur, but has the significant dis-
advantage that another definitive lead needs to be inserted at
the same time as the permanent system, at a later date.

The technical aspects of conducting a trial are covered
below under Implantation.

During a trial it is essential that goals are set for both
physician and patient to achieve. For the physician, it is
essential that stimulation covers the area which corre-
sponds with the patient’s pain (achieve topographic
coverage). For the patient, improvements in pain and
disability should be the aim. The literature frequently
refers to a 50 percent reduction in pain intensity scores,
which would indicate a successful trial. A clinically useful
reduction in pain intensity of 30 percent with improve-
ments in activity tolerance, sleep, and medication
reduction would be further evidence of a successful trial.

Most patients are able to comment favorably on pain
reduction within days of the start of a trial. An initial
description of the paresthesiae invoking a ‘‘warm’’ or
‘‘pleasant’’ sensation is encouraging, as is the phenom-
enon of poststimulation analgesia. For patients who have
significant axial back pain, recovery from the incisions
may delay the ability to mobilize and comment. One week
appears to be sufficient for the majority of cases. In some
cases a longer trial period is advised. In some countries it
is a requirement for reimbursement that the patient has a
minimum of a four-week trial.65, 66

All superficial percutaneous implants will be at risk of
infection with skin flora. The duration of the trial is just
one factor of several that affects the incidence of hardware
infection.

IMPLANTATION

The implantation procedure can be divided into the
insertion and anchoring of SCS leads into the epidural
space, and then the connection of the leads to an
implanted pulse generator which is anchored in either the
abdominal wall or ‘‘back pocket.’’

Both stages need to be performed in a sterile envir-
onment, with comparable cleanliness to that of any major
implant surgery. Antibiotic prophylaxis against com-
mensal skin bacteria is used at the beginning and end of
the procedure.

Insertion of SCS leads

An image intensifier and an assistant for altering the test
stimulation are needed. Patients may need sedation, and
an anesthetist colleague may be needed in this case.
Electro-cautery will be needed for hemostasis.

Most implanters position the patient in the prone posi-
tion on a radiolucent table, with the spine slightly flexed. It
is important for the patient to find the position comfortable,
as they may need to remain in it for up to 90 minutes. Some
may prefer the patient to be in the sitting position.

Anatomical sites in the epidural space have been
mapped out so as to give the best probability in achieving
topographical paresthesiae coverage (Table 34.2 and
Figure 34.2). To reduce lead motion after implantation,
the epidural space should be entered approximately
three vertebral levels below the intended site of the lead
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tip (i.e. for lower limb stimulation at T9 to T11, the entry
point might be at L1/L2 – preferably L2/L3).

Plan the incision site and mark it on the skin before
incision. This should be paravertebral at the lateral border
of the vertebral bodies on an anteroposterior (AP) pro-
jection. Some implanters prefer to start with a percuta-
neous placement first and, when satisfied with the
stimulation topography, cut around the needle to create
the anchoring site. The authors prefer to create the
anchoring site first and rarely have had to create a second
site.

The patient may have a preference for which side they
wish an abdominal implantable pulse generator (IPG) to
be, for example contralateral to the side they sleep upon.
If there is no particular preference, the authors advise that
the IPG is placed on the left, particularly if the patient has
not previously had an appendicectomy.

The superior end of the dorsal incision will be
approximately 4 cm caudal to the entry point into the
epidural space. The incision will need to be approximately
2–4 cm long.

Apply alcoholic skin preparation to include the inci-
sion site and as far as the projected exit site of the tem-
porary extension lead laterally and cranially. Infiltrate the
skin and deep tissues with lidocaine and epinephrine, to
reduce bleeding and surgical pain.

Having incised the skin, obtain hemostasis and dissect
through adipose tissue bluntly, using dissecting scissors.
Eventually the adipose tissue, which is yellow/white ends,
and anterior to it the thoracolumbar fascia (in this
region), which is white, and is not easily parted with blunt
instruments. This overlies the paraspinal muscles. If any
doubt exists as to whether the thoracolumbar fascia has
been reached, ‘‘scraping’’ it with a scalpel’s blade will
delineate the white tough surface better or a small (less
that 5mm) incision at a relevantly unimportant site will
reveal the characteristic purple striated muscle appearance
beneath it. Return the C arm, which is draped and sterile,
to an AP position and image. The aim is to enter the mid
line of the epidural space via a paramedial approach, with
an acute, i.e. ‘‘flat,’’ entry to the space so as to minimize
any sharp deviations in the route of the lead. A midline
approach is not recommended, and the puncture site of
the thoracolumbar fascia should not be too lateral, again
to minimize bends in the lead. The space is entered with
an epidural needle using the familiar loss of resistance

technique. Once the epidural space has been entered, a
soft blunt guide wire is inserted under imaging. This
should pass painlessly and freely into the epidural space in
the same direction as the loss of resistance needle. If sharp
deviation occurs, this may be due to epidural septae or
adhesions. Rotating the loss of resistance needle along its
long axis will alter the position of the needle’s bevel, and
this may enable a better passage of the guide wire.

When easy passage of the guide wire occurs, a second
needle to facilitate a second lead, if two leads are needed,
can be inserted at the same level or one above or below.
Sufficient anchoring space should be left for each lead.

The SCS lead has a removable stylet within it to pro-
vide rigidity and has a bent tip to facilitate steering of the
lead in the epidural space. The SCS lead should be
observed passing through the loss of resistance needle into
the epidural space. The lead can then be advanced to the
level required. This should require little force on the lead.
Rotating the lead along its long axis will alter the direc-
tion of the bent tip, to enable steering to occur. The lead
should not be allowed to deviate laterally, as this may
result in anterior epidural space passage of the lead.

The lead can now be advanced cranially, and this
should be ideally 1–2mm lateral to the midline on an AP
projection. This assumes the midline of the spinal column
is the same as the electrophysiological midline, but this
may not be the case in many patients, particularly if
scoliosis is present.

It is common for the lead to be obstructed in its
passage or be deviated by epidural adhesions, septae, or
veins. It may be necessary to withdraw the lead several
centimeters caudally and readvance it. Make sure that
there is no sensation of snagging of the lead on the
introducer needle. Ensure the lead has not deviated too
laterally then returned medially.

When the tip of the lead has reached approximately the
correct level, test stimulation can occur.

Screening for topographical paresthesiae
coverage

Connect the terminals of the lead to the extension cable.
The other end is passed to an assistant who connects it to
an external pulse generator.

The most important factor in getting adequate topo-
graphic mapping will be the cathode position. It may be
necessary to alter the pulse width and frequency of the
stimulation to ‘‘fine tune,’’ but 200–250ms and 40–80Hz
are ideal starting values.

It is sensible to start with the middle electrodes of any
lead as anode and cathode.

Start at zero voltage and gradually increase the
amplitude. Some patients have a lag time of a few seconds
before increases in amplitude have an effect. When par-
esthesiae are elicited they can be used to guide where lead
placement ideally should be.

Table 34.2 Anatomical sites in the epidural space.

Anatomical sites

Upper limb pain C4 to T1

Refractory angina C6 to T2

Abdominal pain T5 to T7

Low back pain T8 to T9

Leg pain T9 and T12
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If the lead is at the electrophysiological midline, then
bilateral stimulation will occur. As the lead moves more
laterally from this point, stimulation will occur more in
one side and reduce in the contralateral side until a point
is reached where only unilateral stimulation occurs. If the
lead is too lateral then painful chest wall paresthesiae
occur due to dorsal root entry zone stimulation.

The site of the lead craniocaudally will determine
which dermatomes are picked up preferentially and this
often determines how proximal or distal stimulation in a
limb is felt.

Agree with your assistant a numbering system of the
electrodes on each lead beforehand. Automated systems
have been developed to gradually change cathode arrays
between all the electrodes so as to facilitate on table
screening for topographical coverage.

For a single lead a typical series of stimulation would be
to try the middle electrodes first (i.e. one and two). ‘‘Per-
fect’’ positioning of a four-electrode lead would be one
where every pair of neighboring electrodes produces good
topographic coverage. In general, the greater the number of
electrodes combinations achieving coverage the better.

Although with a single lead it is possible to achieve
bilateral stimulation, there is little margin for error and, if
there is a small lateral migration of the lead, bilateral
stimulation may be lost. If bilateral stimulation is
required it is better to insert a pair of electrodes each side
of the midline.

Anchoring of the SCS leads

Having achieved adequate lead positioning, the lead needs
to be anchored in place. There are a variety of anchoring
devices, and they will vary in their use. In general though,
the same principles occur to all anchoring devices, as
described below.

� Any anchoring sutures, which should be figure-of-eight
sutures, should be inserted whilst the epidural needle is
still in place; it will protect against inadvertently
damaging the lead with the suture’s needle tip.

� The anchor should be as close as possible to the
entry point of the thoracolumbar fascia. If a silicone
anchor is used, the proximal tip should be buried
slightly in the thoracolumbar fascia. The anchoring
device should provide adequate grip so as to avoid
tracking in or out of the lead. Lead breakages often
occur at any fulcrum where there is bodily
movement. These are most often at the distal margin
of the anchor.

� Prior to anchoring the lead, the loss of resistance
epidural needle needs to be removed carefully. This
needs to be performed whilst avoiding damaging the
external covering of the lead and without disturbing
the lead’s position. A similar technique to that
employed with an epidural catheter is used.

For a prolonged trial of SCS (days to weeks) a temporary
extension cable can be passed under the skin laterally
from the incision, approximately 20 cm or so to a con-
venient exit point, depending on the spinal level and
subsequent care. Some prefer to exit at the same side as
the incision to aid future implantation and others the
opposite side to avoid potential abnormal skin flora
contamination at future implantation.

Select the exit point and infiltrate with local anesthetic.
The kit supplied with the lead will contain a tunneling
device. The contacts of the SCS lead are cleaned with
water, not saline, and are dried with a clean swab. The
connection between the epidural lead and extension cable
is typically covered with a plastic insulation cover (boot)
device, which will need to be slid on to the lead prior to
the contacts being connected. Ensure the contacts are in
line visually or perform an impedance check, then secure
the contacts with a torque wrench. If there is an insulation
cover (boot), this can be slid over the connection and is
sealed with two nonabsorbable sutures to prevent body
fluids entering the connection and corroding it.

The connection is then placed within the dorsal inci-
sion. It is important that the run of the leads and
extension cables avoids any sharp bends or twists. The
whole system will have an intrinsic curve to it, and it
should be buried in the incision pocket in this position.
For this purpose, it may be necessary to slightly enlarge
the incision pocket by dividing the fascial planes further
as opposed to increasing the size of the skin incision.

The incision is then closed in two layers with absorbable
suture material, and covered with an occlusive dressing.

At the exit point of the extension cable through the
skin, it is important to adequately secure the exiting
extension cable to avoid chafing on the skin edges (which
might promote abnormal skin flora growth) and to be tug
resistant. Minimal disturbance of the exit site wound
during the trial is preferable. If possible, the dressings
should be left undisturbed until definitive removal of the
leads or full implantation occurs.

FULL IMPLANTATION OR SECOND-STAGE SCS
PROCEDURE

This involves the connection of the SCS lead, or leads, to
an IPG which has been placed in a subcutaneous pocket.
Due to multiple incision sites and extensive subcutaneous
tunneling, this is more comfortably performed under
general anesthesia.

The IPG should be placed at a site that is potentially
comfortable for the patient, usually the abdomen but
sometimes ‘‘back pocket’’ or infraclavicular positions.
Care should be taken to ensure positioning suits the
patient and does not impinge on bony prominences or
tent the skin. If the abdominal wall position is selected
then the patient is positioned laterally, with the side into
which the IPG is to be inserted uppermost. Sufficient
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space will be needed for the surgeon to operate on both
the back and abdomen of the patient. The dressings that
are covering the dorsal incision and the exit site of the
temporary extension cable are taken down.

Antibiotic prophylaxis is needed. Antibiotic prophy-
laxis policy is best agreed with the infection control team
in advance.

After preparing the skin with an alcoholic skin prepara-
tion, drape the patient to include the back incision, the
patient’s flank, and the abdomen as the projected site of the
IPG. The exit site of a temporary extension cable is excluded
from the sterile field; it needs to be accessible to an assistant.

An incision is made parallel to the skin folds of the
abdomen, and by blunt dissection above and below the
incision, a pocket of similar dimension to the IPG created.
The pocket must not be too large, or the IPG may move
later, causing traction on the extension, or flip over, such
that communication with or recharging of the IPG is not
possible. The IPG should lie in the pocket as if it were in the
top pocket of a jacket; the incision should overly the
superior margin of the IPG. Good hemostasis must be
achieved. The posterior incision is reopened. If the patient
has undergone a trial of stimulation, it is necessary to find
the connection between the SCS lead and the temporary
extension and disconnect it. Then, the temporary extension
cable can be removed by an assistant by gently pulling them
from their exit point. Permanent extension cables vary, but
the basic principle is to place a cable subcutaneously from
the abdominal pocket to the back incision.

In most patients, there is less tissue bruising if the
tunneling is performed in two stages with a small incision
at the apex of the body curve. Having cleaned the con-
nectors with water and dried them, the SCS leads and IPG
are connected via the extension cable. Make sure that the
manufacturers’ instructions are followed at this point as it
is vital that electrical circuitry has been properly achieved.
Some manufacturers merely recommend a visual check
and others an impedance check. It is important that the
contact screws are not over-tightened. A new boot, if this
is required, will be needed to cover the connection
between the SCS leads and the extension cable and made
watertight with nonabsorbable sutures. The connection
can usually be buried just lateral to the anchoring device
with sufficient lead slack to allow for body movement.
The anchoring device and connection device are both
away from the midline bony prominences.

Some implanters prefer to use long SCS leads that can
connect directly with the IPG (even in the abdominal
area) so obviating the need for an extension device. In the
authors’ opinion this has the slight disadvantage of
managing lead revision procedures should they be
required at a future date.

The IPG can be gently anchored with nonabsorbable
sutures to the abdominal musculature. If they are too
tight, the IPG will be painful. The aim is to immobilize
the IPG for a sufficient period for the pocket to heal, and
a reasonable taut lining to form around the IPG.

All incisions are closed in two layers with absorbable
sutures and dressed.

COMPLICATIONS OF SCS

Complications can be divided temporally into early and
late and further divided into biological, disease-related, or
device-related.67, 68

Early complications include all those of any surgery or
epidural manipulation, including deep vein thrombosis
or epidural hematoma. Specific biological early compli-
cations include:

� Dural tap. This may occur when attempting to enter
the epidural space, or more rarely from inserting a
guide wire or advancing a lead. Conservative
management of the postdural puncture headache is
preferable to an early epidural blood patch, but this
may be necessary at a different level if symptoms do
not settle.

� Infection. Superficial infection of the wound sites can
be treated with antibiotics, but if deep infection of
any of the sites occurs, it is usual to remove all
implanted material, as infection in the presence of a
foreign body is rarely cured. There is also the
potential for meningitis or an epidural abscess to
form if infection is left unchecked. However, these
central neuraxial infections are very rare. It is
important that each implanting center is aware of
their infection rate and to ensure that appropriate
efforts are made to keep it less than 2 percent of all
full implants.69

� Serous collections. If possible these should be left to
resolve spontaneously. If very uncomfortable, the
pain from a seroma can be temporarily helped by
wound aspiration under sterile conditions. If it
occurs during a trial prior to implantation, it can be
dealt with when the incision is reopened.

� Hematoma should be evacuated early. Good
hemostasis will reduce this and serous collections.

An example of a specific early device-related complication
would be early lead migration during the trial period
resulting in loss of adequate topography of paresthesiae
and requiring revision procedure or second SCS lead
insertion.

Late complications are usually device- or disease-
related. Most conditions for which SCS are used are
relatively stable (e.g. medically refractory neuropathic
pain), but other conditions, such as ischemia and
degenerative spinal disease, may progress.

Device-related complications include:

� Lead failure. This will manifest as high impedance
without stimulation and will either be due to
breakage or corrosion of the internal wires or high
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impedance material around the electrode contacts.
New leads will be necessary.70

� Lead migration. This will manifest as change of
stimulation topography. Both lead fracture and
migration can be reduced by optimal anchoring and
routing techniques. Reprogramming the IPG to use
different electrode combinations may return the
stimulation to an acceptable site if migration occurs,
but it may be necessary to open the back incision
and manipulate the lead using the same techniques
as used during the original lead insertion.71

� Lead migration and failure may occur in up to 20
percent of leads inserted over a four-year period.
New technologies and implant techniques are
expected to reduce these complications.72

� Late infection – usually during revision procedures
or from hematogenous spread. Remove all
components unless superficial.

� Pain at the connection site or IPG. This may be due
to fluid ingress or movement of the IPG within the
pocket or pressure over a bony prominence.

� IPG movement – it may need to be revised into a
smaller pocket.

� Failure to relieve pain despite adequate topographic
coverage – disease may progress or new disease may
occur.

� Unpleasant stimulation. Reprogramming may reduce
this. It is common for the level of stimulation to
suddenly increase when the lumbar or cervical spine
is extended; most patients come to anticipate this
and will reduce their stimulation amplitude prior to
these maneuvers.

� Adequate stimulation but failure to relieve pain. The
cause of late failure in these circumstances is often
unknown. However, the implanter should first
consider disease progression, or indeed new disease,
that may affect the same dermatome levels. Clearly
there may be issues around initial patient selection or
change in psychological factors. Other reasons might
include withdrawal of coadministered
pharmacological therapy.

PROGRAMMING

In some patients, it is surprising how wide the topo-
graphical map of evoked paresthesiae that can be achieved
with a simple bipolar arrangement. In others, very com-
plex arrays are needed to collect together sufficient par-
esthesiae coverage. For the latter patients, multiple
electrode systems are required so as to be able to achieve
and maintain this over time.

Continuous active stimulation is rarely needed by the
patient as most will have some degree of poststimulation
analgesia. Many patients prefer some sort of cycling
whereby the IPG is programmed to be on for a few sec-
onds and then off for some before gently ramping up

again. If using a nonrechargeable system, this energy-
saving programming can be useful with respect to battery
longevity.

Programming may take time to achieve best results.
This can be aided by computer-generated drawings of
pain sites and paresthesiae coverage.

EQUIPMENT SELECTION

External and internal battery SCS systems

This is a constantly developing field and it is likely that
much of this information will change. Currently, three
companies produce and market SCS systems. Two have a
family of products, and the other a single product with
broad capability. The pulse generator can either be
powered by an external source that induces current in an
implanted receiver; it may have its own long-lasting
lithium oxide battery; or finally a rechargeable battery.

The rechargeable systems are the latest platform that the
device companies have each designed in order to make SCS
more clinically and, it is hoped, cost-effective. They each
differ with various advantages and disadvantages which
the reader can explore with the manufacturers in order
to determine which system suits their practice best (see
Figure 34.2).

Complications

The weakest parts of SCS are the electrodes and electrical
junctions. Electrode migration is common to both per-
cutaneous and surgical placement. Anchoring technique
and technology is important to prevent inward or out-
ward migration. Multiple electrode arrays have a role here
as small degrees of migration should be salvageable with
reprogramming. Electrode arrays can generate electrical
fields over the dorsal columns that improve topographical
coverage of pain with evoked paresthesiae.

Movements of the body may repetitively bend the
leads, breaking their internal structure. Breaks occur at a
fulcrum such as at the ligamentum flavum, muscle fascia,
or anchoring point. Anchor technology that protects the
lead through the fascia and displaces the fulcrum away
from the point of fixation and internal lead technology
improvements that allow free movement of the internal
lead fibers around the central core are expected to
improve lead durability.

RESEARCH, AUDIT, AND DEVICE REGISTRATION

Historically, SCS has been a treatment of curiosity offered
by medical enthusiasts to patients for whom most other
therapeutic strategies are unsatisfactory. Even now there
are new indications that are emerging and being reported
but cannot yet be regarded as a standard of practice.
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However, there are now established indications (neuro-
pathic, peripheral and ischemic pain) which are not just
supported by thousands of patients in clinical reports but by
well-conducted prospective randomized comparative studies
of clinical and cost effectiveness. It is this degree of evidence
quality that must be striven for in each clinical indication to
make SCS for these indications a standard of practice.

It is a recommendation of the British Pain Society
guidelines on best practice for SCS that each implanting
center should audit the processes and outcomes of their
work. It is also suggested that there should be a national
registry of device implantation.

All device companies have to have a specific tracking
number for all implant material, such that the center can
be identified should there be a product recall. However,
each implant center should ensure that they have a robust
system with which to track to a specific patient.

There are many advantages in producing a national
audit database, which include:

� patient safety;
� audit of clinical practice of center against a peer

group;
� identification of clinical patterns of indication and

outcomes;
� identification of patterns of complications including

device-, disease-, or patient-related.

CONCLUSIONS AND SUMMARY

It has taken too long for SCS to be on the threshold of
becoming a standard of practice for severe and disabling
medically refractory neuropathic and ischemic pain.73, 74,
75, 76 Compared to many other surgical and medical
techniques of pain relief, the quality of evidence of
efficacy and cost effectiveness of SCS in neuropathic
pain and ischemia is really quite good although more is
welcome.29, 77, 78, 79, 80

Evidence of cost effectiveness is vital to its more
widespread accessibility by convincing health policy-
makers of its long-term worth.

Both intrinsic factors that relate to the design and
functionality of the devices and extrinsic factors such as
implant technique and complications are vital to optimize
clinical and cost effectiveness.

Along with gene and stem cell therapies and gene-
directed pharmacotherapy, neuromodulation is one of the
most exciting developing themes of modern health care.

REFERENCES

1. Long DM, Erickson D. Stimulation of the posterior columns

of the spinal cord for relief of intractable pain. Surgical
Neurology. 1975; 4: 134–41.

2. Shealy CN, Mortimer JT, Reswick JB. Electrical inhibition of

pain by stimulation of the dorsal columns: preliminary

clinical report. Anesthesia and Analgesia. 1967; 46: 489–91.
3. Melzack R, Wall PD. Pain mechanisms: a new theory.

Science. 1965; 150: 971–9.
� 4. Meyerson BA, Linderoth B. Mode of action of spinal cord

stimulation in neuropathic pain. Journal of Pain and
Symptom Management. 2006; 31: S6–12.

� 5. Krames ES. Mechanism of action of spinal cord

stimulation. In: Waldman SD (ed.). Interventional pain
management, 2nd edn. Philadelphia, PA: WB Saunders,

2001: 561–5.

� 6. Holsheimer J. Principles of neurostimulation. In: Simpson

BA (ed.). Pain research and clinical management, Vol. 15:
Electrical stimulation and the relief of pain. Amsterdam:
Elsevier, 2003: 17–36.

7. North RB, Kidd DH, Olin JC, Sieracki JM. Spinal cord

stimulation electrode design: prospective, randomized,

controlled trial comparing percutaneous and laminectomy

electrodes. Part I: technical outcomes. Neurosurgery.
2002; 51: 381–9.

8. Oakley JC, Espinosa F, Bothe H et al. Transverse tripolar

spinal cord stimulation: results of an international

multicenter study. Neuromodulation. 2006; 9: 192–203.
9. Sharan A, Cameron T, Barolat G. Evolving patterns of spinal

cord stimulation in patients implanted for intractable low

back and leg pain. Neuromodulation. 2002; 5: 167–79.
� 10. Holsheimer J, Khan YN, Raza SS, Khan EA. Effects of

electrode positioning on perception threshold and

paresthesia coverage in spinal cord stimulation.

Neuromodulation. 2007; 10: 34–41.
11. Barolat G, Oakley JC, Law JD et al. Epidural spinal cord

stimulation with a multiple electrode paddle lead is

effective in treating intractable low back pain.

Neuromodulation. 2001; 4: 59–66.
12. North RB, Kidd DH, Petrucci L et al. Spinal cord stimulation

electrode design: a prospective, randomized, controlled

trial comparing percutaneous with laminectomy

electrodes. Part II clinical outcomes. Neurosurgery. 2005;
57: 990–6.

13. Van Buyten JP, Lazorthes Y, Spincemaille GH et al.
Prospective outcomes study on the Restores rechargeable

neurostimulation system for neuropathic pain. European
Journal of Pain. 2006; 10: S160.

� 14. Taylor RS, Van Buyten JP, Buchser E. Spinal cord

stimulation for chronic back and leg pain and failed back

surgery syndrome: a systematic review and analysis of

prognostic factors. Spine. 2005; 30: 152–60.
� 15. North RB, Kidd DH, Farrokhi F, Piantadosi SA. Spinal cord

stimulation versus repeated lumbosacral spine surgery for

chronic pain: a randomized, controlled trial. Neurosurgery.
2005; 56: 98–106.

� 16. Dario AM, Fortini G, Bertollo DM et al. Treatment of failed
back surgery syndrome. Neuromodulation. 2001; 4:
105–10.

� 17. Kumar K, Taylor RS, Jacques L et al. Spinal cord
stimulation versus conventional medical management for

Chapter 34 Spinal cord stimulation ] 413



neuropathic pain: a multicentre randomised controlled

trial in patients with the failed back surgery syndrome.

Pain. 2007; 132: 179–88.
18. Ohnmeiss DD, Rashbaum RF. Patient satisfaction with

spinal cord stimulation for predominant complaints of

chronic, intractable low back pain. Spine Journal: Official
Journal of the North American Spine Society. 2001; 1:
358–63.

� 19. Spincemaille GH, Beersen N, Dekkers MA, Theuvenet PJ.

Neuropathic limb pain and spinal cord stimulation: results

of the Dutch prospective study. Neuromodulation. 2004;
7: 184–92.

� 20. Ohnmeiss DD, Rashbaum RF, Bogdanffy GM. Prospective

outcome evaluation of spinal cord stimulation in patients

with intractable leg pain. Spine. 1996; 21: 1344–50.
� 21. Burchiel KJ, Anderson V, Brown FD et al. Prospective,

multicenter study of spinal cord stimulation for relief of

chronic back and extremity pain. Spine. 1996; 21:
2786–94.

22. Burchiel KJ, Anderson V, Wilson BJ et al. Prognostic
factors of spinal cord stimulation for chronic back and leg

pain. Neurosurgery. 1995; 36: 1101–10.
� 23. North RB, Kidd DH, Olin J et al. Spinal cord stimulation for

axial low back pain: a prospective, controlled trial

comparing dual with single percutaneous electrodes.

Spine. 2005; 30: 1412–18.
� 24. Turner JA, Loeser JD, Deyo RA, Sanders SB. Spinal cord

stimulation for patients with failed back surgery syndrome

or complex regional pain syndrome: a systematic review of

effectiveness and complications. Pain. 2004; 108: 137–47.
� 25. Kemler MA, Barendse GA, van Kleef M et al. Spinal cord

stimulation in patients with chronic reflex sympathetic

dystrophy. New England Journal of Medicine. 2000; 343:
618–24.

� 26. Kemler MA, De Vet HC, Barendse GA et al. Spinal cord
stimulation for chronic reflex sympathetic dystrophy –

five-year follow-up. New England Journal of Medicine.
2006; 354: 2394–6.
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KEY LEARNING POINTS

� Epidural depot steroids relieve radicular pain caused by

nerve root pathology, but not unspecific ‘‘low back

pain.’’
� Transforaminal epidural injection of steroid is more

effective, but also carries higher risk of major,

irreversible complications than interlaminar or caudal

epidural injection.
� Success depends on accurate steroid placement, and

this is best achieved by the use of local anesthetic test

dose and fluoroscopy.
� Multiple structures account for low back pain. Epidural

steroids have evidence-based effects mostly on nerve

root pathology. The benefit of epidural steroid therapy

depends on the contribution of nerve root factors to the

back pain.
� Epidural steroid injections are generally safe in the

hands of well-trained, experienced physicians, with

experience in resuscitation routines, with adequate

fluoroscopic equipment, and understanding of anatomic

details and risk factors. However, even in the best of

hands and with adequate precautions, tragic spinal cord

complications may arise. Therefore, patients must be

fully informed of possible benefits and risks.

INTRODUCTION AND HISTORICAL NOTES

The rationale for the use of corticosteroids in epidural
injections stems from the hypothesis that there is a com-
ponent of inflammation in the pathophysiology of low
back pain. This inflammation is due to two sources: direct
pressure from a prolapsed disk over the nerve roots and the
chemicals released by the prolapsed nucleus pulposus.1

Surgeons have remarked that, intraoperatively, the nerve
root causing the problem can be easily identified by its

edematous inflamed character,2 although they have also
stated that there is a normal vascularization of the dura
covering the nerve roots, and the swelling of the nerves in
the cauda equina is secondary to venous congestion from
blocked venous drainage by the herniated disk. Never-
theless, pathologists have stepped into the surgical debate
to see diffuse degenerative changes with regenerative areas
and inflammatory infiltrates.3, 4 Inflammatory changes
were documented by Lindahl and Rexed4 and are the
rational for local steroid injection therapy.



The duration of depot methylprednisolone on cortisol
depression is about two weeks.5 However, some patients
may benefit from these interventions several weeks after
the procedure.6, 7 Johansson et al.8 documented a pro-
longed inhibition of C-fiber nociceptive transmission
when these had been exposed to steroid. Nelson and
Landau9 believe that unspecific effects of the hypertonic
injectates together with local anesthetics may impair the
function of the small unmyelinated C-fibers.9 Placebo and
natural improvement with time may account for a vari-
able proportion of the benefit of any intervention as
Klenerman et al.10 reported similar immediate relief rates
in patients with sciatica treated with steroid injections
compared to ‘‘dry needling.’’

INDICATIONS

Reviewing the evidence for epidural steroid injections, there
are studies claiming success rates ranging from no better
than placebo to 90 percent benefit.11, 12, 13 One of the very
few agreements with regards to epidural steroid injections is
that the success depends greatly on accurate placement of
the steroid, and this is best achieved with fluoroscopic
control.14, 15, 16 However, most of the studies in which the
evidence for their success is based have been carried out
without fluoroscopy, but with a local anesthetic, indicating
that the origin of the pain has been reached by the injectate
when the pain is immediately reduced.17 The benefits of
epidural local anesthetics alone are not different from the
natural history of the process.10, 18

� Interlaminar epidural:
– Diagnostic with local anesthetic alone:

� no prognostic information can be obtained
by this prior to spinal surgery.

– Therapeutic with steroid:
� radicular pain: level [II] evidence for short-
term (o6 weeks) relief7, 11, 12, 19 and level
[IV] evidence for long-term (Z6 weeks)
relief;11, 12, 19

� failed back surgery syndrome: level [V]
evidence;12, 20

� spinal canal stenosis: level [V] evidence for
short-term pain relief,7, 11, 12, 21 no evidence
for long-term relief;

� discogenic: level [IV] evidence of long-term
relief if end-plate changes on magnetic
resonance imaging (MRI), and limited
evidence of short-term relief.22

� Transforaminal epidural or selective nerve root block:
– Diagnostic with local anesthetic alone – always

problematic interpretations:
� preoperative evaluation of patients with
inconclusive or negative imaging and clinical
findings suggestive of spinal root irritation.
Level [III] evidence;12

� to provide prognostic information prior to
spinal surgery.23

– Therapeutic with steroid:
� radicular pain: level [II] evidence for short-
term (o6 weeks) relief and level [III]
evidence for long-term (Z6 weeks) relief;11,
17, 24, 25

� failed back surgery syndrome: level [IV]
evidence;11, 26, 27

� spinal canal stenosis: level [IV] evidence of
long-term relief and improvement in
function;11, 28, 29, 30

� discogenic: level [IV] evidence of long-term
relief.30

� Caudal epidural:
– Therapeutic with steroid:

� radicular pain: level [II] evidence for short-
term (o6 weeks) relief and level [III]
evidence for long-term (Z6 weeks) relief;11,
12, 31

� failed back surgery syndrome: level [II]
evidence for short-term (o6 weeks) relief
and level [III] evidence for long-term (Z6
weeks) relief;11, 32

� spinal canal stenosis: level [IV] evidence.33

ANATOMICAL NOTES

The spine is anatomically divided into three columns.34

The anterior column is formed by the vertebral bodies
and intervertebral disks. The middle column is formed by
the neurological structures surrounded by the meningeal
membranes and the bony arch formed by pedicles,
transverse processes, and laminae. In a normal spine, this
middle column forms a perfectly aligned channel called
the vertebral canal35 which has defects at both sides called
intervertebral foramina through which the spinal nerves
and blood vessels to and from the spinal cord go. The
posterior column is formed by the bony structures facetal
line and spinous processes together with the ligamentous
frame that holds the bony structures together. The dural
sac is the meningeal envelope of the neural structures in
the spinal canal. It normally extends down to S236, 37 and
beyond through the external filum terminale that anchors
it to the posterior aspect of the sacrum. It contains cer-
ebrospinal fluid (CSF) and the neural spinal cord that, in
an adult, ends with the conus medularis at L1,36, 37

although the lumbar and sacral nerve roots that comprise
the cauda equina will extend beyond that limit together
with the internal filum terminale.

The distal end of the bony spinal column is the sacrum
and coccyx. The sacrum is formed by the fusion of the five
sacral vertebrae. Its hollow cavity is the sacral canal that in
an adult has an average volume of approximately 15mL.38

The space between these two bones is the sacral hiatus. This
is a triangular bony defect with the sacral cornua at either
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side and it is covered by the sacrococcygeal membrane
which is a functional part of the ligamentum flavum.39

Dorsal and ventral roots travel a variable distance
caudally within the vertebral canal.40 Then they join to
form the spinal nerve that will exit the intervertebral
foramen at the appropriate level. The exit is in an infer-
olateral direction,40 but the angle of exit is variable among
different segments of the spinal columns.40 L1 and L2
spinal nerves exit with an angle of 70–801. L3 and L4
nerve roots exit with an angle of 601 and the L5 nerve root
exits with an angle of 451. The dural sleeves also vary in
their origin.41 L1 to L4 originate behind the body of the
vertebra above in the foramen. However, the origin is
increasingly higher to the point that L5 has its dural sleeve
originating behind the intervertebral disc L4–5. Once
exited, the spinal nerves will divide again into dorsal and
ventral rami17, 40 and the dural sleeve blends with the
epineurium.35

PRACTICAL NOTES

There are multiple tissues in the lower back able to pro-
duce pain. These include bone, intervertebral disks, nerve
roots, meningeal membranes, ligaments, muscles, fascias,
and facet joints.17, 42 Intervertebral disk herniation may
evoke pain from the disk itself, but also from distension of
the posterior longitudinal ligament, from radicular
compression, from cord compression, and as time goes by
from facet joint hypertrophy or from multifidus muscle
spasm secondary to chemical irritation.17 In addition,
random MRI in the normal population shows that her-
niated intervertebral disks can be asymptomatic.43 A large
majority of patients that will be seen in a musculoskeletal
clinic will have a complex low back pain that will be the
response to several of the above structures. Since not all of
the above respond to epidural steroid injections, the
degree of response will vary depending on the propor-
tions of all the relative components, as well as upon the
concentration of active ingredient reaching the target site.

Epidural steroids can be administered via three routes.

1. The interlaminar approach that is directed to the
assumed site of pathology11 and accesses the
epidural space through the ligamentum flavum.
However, since the majority of causes of low back
pain are located in the anterior epidural space,
the concentration of active ingredient reaching the
site of pathology will be variable, and hence the
variable effect. Because of rostral migration of
injectate, it is recommended that the injection be
distal to the affected site.44

2. The transforaminal approach targets the affected
site and uses the smallest volume to reach the
anterior epidural space.11 The access to the
epidural space is through the intervertebral
foramen, where a so-called ‘‘safety triangle’’ for

injection has been described. This is the area
limited by the horizontal base of the pedicle,
exiting nerve root, and the lateral border of the
vertebral body.40, 45, 46 A needle placed on this
‘‘triangle’’ will lie above and lateral to the nerve
root. Needle positioning has to be
radiographically confirmed with lateral and
anteroposterior views.46 However, a classic
neurogram is not always achieved, as this may
depend on the presence and extent of local
pathology.45 It is common to provoke pain in the
distribution of the injected nerve root as a
response to chemical stimulation during injection.
This is thought to be a sign of ‘‘foraminal
stenosis’’15 and is normally followed by analgesia
when the local anesthetic is active.15, 45 An
injection via this route will act on different
structures depending on whether the injection is
into the dural sleeve (selective subdural nerve
root block) or outside the dural sleeve
(transforaminal epidural).15, 45 A selective
subdural nerve root block will act upon the spinal
nerve, the dorsal root ganglion, and via inhibition
of nerve conduction on the ventral ramus,15, 45, 47

A transforaminal epidural will have spread of
steroid into the epidural fat, and it will also
spread onto the dura, intervertebral disk, and
posterior longitudinal ligament at the level of
injection and one level above and two levels
below.15, 45, 47 A selective nerve root block targets
the dural sleeve just outside the foramen and is a
putative diagnostic procedure for radicular versus
axial pain,15, 45, 47 whilst a transforaminal epidural
injection targets the safety triangle inside the
inner interventricular foramen.15, 45 A
transforaminal epidural is said to have two
advantages when compared to selective subdural
nerve root block. One is that the risk of neural
damage is smaller since the target is far away
from the spinal nerve. Two is that the mixture
will spread to all possible tissues that may
contribute to the pain.15, 45, 48 Some authors are
starting to introduce the concept of
‘‘preganglionic’’ transforaminal epidural
injections49, 50, 51 and are claiming better success
than when the ‘‘standard’’ transforaminal
approach is used. The end point for these is the
inferior aspect of the supra-adjacent neural
foramen immediately dorsal to the posterior
longitudinal ligament or herniated annulus.51

3. The caudal approach is the easiest and with least
complications, but requires the largest volume to
reach target areas.11, 52, 53 However, in one
randomized controlled trial (RCT) 20mL of local
anesthetic with 80mg methylprednisolone (depot)
was far superior to 20mL of local anesthetic plus
60–80mL of saline.31
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Possible causes of failure of epidural steroid injection
(ESI) are shown in Table 35.1.54, 55, 56 One of the factors
that can lead to failure of the injections is inaccurate
placement of the needle. This can include both inaccurate
tissue plane14, 52, 53 and inaccurate level of injection.57 To
ensure the most accurate placement, the use of fluoro-
scopy is recommended as the gold standard.14, 15, 16, 58 It is
generally accepted that blindly performed single epidural
injections through a needle will miss the target site in up
to 50 percent of cases.57 The use of contrast-enhanced
fluoroscopy during the procedure ensures that the max-
imum concentration of mixture is delivered to the target
site.25 In view of the rising costs of health care, Fredman
et al.59 studied the practicalities of the routine use of
fluoroscopy in the administration of epidural steroids.
They concluded that loss of resistance is a reliable sign for
locating the epidural space, although because of unreli-
able surface anatomy the actual space was not the
intended space in 50 percent of cases, and subsequently
the spread of steroid only reached the affected site in 26
percent of cases. There is no mention in this study of the
treatment success, which should play a great part in the
economical balance when a study is justified on those
grounds.

Due to the toxicity of steroid preparations when
administered intrathecally, some authors recommend the
injection of a ‘‘test dose’’ of local anesthetic and wait for
the development of a motor block suggestive of sub-
arachnoid needle placement.60

Improvement of symptoms prior to discharge post-
injection is suggestive of mixture being injected around
the affected site. It would be normal to experience a
transient deterioration of symptoms shortly after dis-
sipation of the local anesthetic effect. This would tend to
improve over the following days as the steroid effect starts
to manifest itself.60 If no improvement is experienced
immediately after injection, it would be reasonable to
repeat it at a later date as this may be the result of the
mixture not reaching the target area.60 The same principle
applies to patients who experience short-lived improve-
ment. However, the complications of repeated use of
steroids are well known, are dose dependent, and include
adrenal suppression, osteoporosis, and deterioration of
diabetes.60

PHARMACOLOGICAL MIXTURES USED IN THE
LITERATURE

Steroids

Drugs and doses used in studies are hydrocortisone
25mg,61 methylprednisolone 40mg62 or 80mg,61 triam-
cinolone 80mg,61 dexamethasone, betamethasone
12mg,18, 63 and prednisolone acetate 50mg.64

Some advocate the use of nonparticulate steroid pre-
parations, rather than the depot-formulations, on the
rationale that should there be an accidental intra-arterial
injection, there may be a smaller risk of spinovascular
accident and a spinal cord infarction.

Local anesthetics

These are preservative-free lidocaine 5–20mg/mL, bupi-
vacaine 0.25 percent, mepivacaine 2.5mg/mL.

EVIDENCE FOR RADICULAR LOW BACK PAIN

Interlaminar approach

Reports have claimed success in 20–100 percent of cases
with an average of 67 percent, although on average this
success has lasted less than three months. There have been
several attempts to explain this disparity. Some authors
believe that the nonstandard use of fluoroscopy is the
cause. Figures of up to 50 percent have been quoted with
regards to needle malpositioning when using blind tech-
niques for single epidural injection through needle.57

However, others believe that the anatomical barriers to
anterior spread of the steroid mixture from the posterior
epidural space are important.

The condition with the highest reported benefit is
radicular pain secondary to disk herniation. There is good
correlation between outcome and clinical features. How-
ever, there is poor correlation between outcomes and
imaging.60 The benefit is lower in patients who present
with radicular symptoms postlaminectomy, as these will
often have epidural fibrosis that prevents the spread of the
local anesthetic mixture.

Table 35.1 Possible causes of failure of ESI.54, 55, 56

Pathology Inadequate delivery Noninjection factors

Multilevel Wrong technique Inappropriate level of activity postprocedure. Both extremes

Canal stenosis Wrong tissue plane Inappropriate type of activity postprocedure

Nonresponsive Wrong level of procedure Litigation factors

Wrong diagnosis Pain-related unemployment

New postprocedure pathology

Long history of pain
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Andersen and Mosdal20 published the results of 16
patients with low back pain from axial, radicular, and
postlaminectomy etiology. Their results suggest a very
short-term benefit, but the sample had mixed etiologies
and were all treated with the same intervention.

Klenerman et al.10 assessed ESI against saline, local
anesthetic, and dry needle. They analyzed data of 63
patients and concluded that all four groups improved at
the same rate. They explained the findings as being due to
the natural history of the process.

Koes et al.13 looked at 12 RCTs to find that eight of them
had poor methodological quality. Only four had acceptable
methodology and of these, two reported a positive outcome.
Overall, out of the 12 studies, six reported benefit from
steroids. However, those trials included a multitude of
indications treated via all possible routes and the use of
fluoroscopy is not reported. They concluded that there is no
indication that epidural injections may be effective for
patients with low back pain without sciatica.

Watts and Silagy65 studied 11 RCTs and found that
steroids made a difference in pain levels and mobility in
the short term, but after six weeks there was no difference
between the treatment and the control groups.

McQuay et al.61 analyzed the meta-analysis performed
by Watts and Silagy65 and established that the number
needed to treat (NNT) for short-term efficacy (475
percent pain relief within 60 days) was 7.3. For long-term
efficacy (450 percent pain relief within one year) NNT
was 13, with no significant added benefit from mixing
local anesthetic with steroid compared to local anesthetic
alone when treating sciatica.

More recent studies that have included follow-ups to
12 months have concluded that the patients who had
improved in the short term were actually further
improved at 6 and 12 month follow-ups.56

Jamison et al.66 identified several factors predictive of a
poor outcome and these are shown in Table 35.2.

Valat et al.64 studied the potential effect of a course of
three epidural injections of steroid or saline in the man-
agement of sciatica secondary to disk herniation. They did
not include a local anesthetic and the volume was only 2mL
in both arms. The improvement in both arms was sig-
nificant, although the differences between the use of saline

or steroid were not. They concluded that there was no
additional benefit from the use of steroids. With only 2mL
and no local anesthetic or fluoroscopic verification of cor-
rect placement of the injectate, this study is not informative.

The same is true of the study of Carette et al.7 who
looked into the potential effect of interlaminar steroids at
reducing the need for surgery for disk herniation. The
authors concluded that although ESI offers short-term
improvement of symptoms, it offers no significant func-
tional benefit and does not reduce the need for surgery.
The authors of this study, however, did not use a local
anesthetic in either arm and their epidural injections were
placed without radiographic control.

Abdi et al.11 tried to eliminate the bias in the Koes and
Watts reviews and treated each approach as a different
entity. They concluded that there is strong evidence for
short-term benefit and limited benefit for long-term
relief.11[II], [IV] We agree with their conclusions.

Transforaminal approach

Radicular symptoms secondary to herniated nucleus pul-
posus is the condition with the highest reported success.

Kraemer et al.67 compared translaminar with trans-
foraminal approaches and paravertebral injection as pla-
cebo for radicular low back pain. They used steroid, local
anesthetic, or saline, and the saline group received sys-
temic steroid to avoid steroid bias. They concluded that
the perineural approach with steroid was superior to any
other technique.

Vad et al.46 reported a success rate of 84 percent with a
maximum benefit at six weeks of treatment in the group
treated with transforaminal steroids when compared with
placebo. Average follow up was 1.4 years and 1.7 injec-
tions. However, his study was not blinded and the placebo
arm consisted of tender point injections administered in
the outpatient department.

Riew et al.18 went further to study the effect of selective
nerve root blocks at reducing the need for surgery in
radicular pain secondary to herniated disks or to spinal
canal stenosis. They concluded that selective nerve root
blocks with steroids can significantly reduce the need for
decompression in more than 50 percent of candidates for
surgery. They also found a statistically significant reduc-
tion in neurological symptoms in patients with spinal
canal stenosis. The study consisted of a small sample (55)
that may have been unable to detect small differences,
followed up for 28 months. They also showed that the
first injection has the greatest chance of success when
compared to successive ones. The same results were
reproduced by Yang et al.23 in a similar study. Later, other
studies have concluded that transforaminal epidural
steroid injections are an effective nonsurgical treatment
option once conservative treatments are not effective.
They recommended that this intervention be considered
prior to surgery.25, 68

Table 35.2 Factors predictive of a poor outcome.66

Factors at two weeks after
onset of pain

Factors at one year after
onset of pain

Greater number of previous

treatments

Pain does not interfere with

activities

Greater number of analgesic

intake

Unemployment due to pain

Pain not increased by activity Normal straight leg rising

before treatment

Pain increased by coughing Pain unaltered by medication
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Derby et al.69 studied the prognostic value of trans-
foraminal epidural steroids as a predictor of success
postsurgery. They concluded that patients with short
duration of improvement following steroid injection were
less likely to benefit from surgery.

Manchikanti et al.70 compared the three routes of
administration of epidural steroids in a randomly selected
sample of 225 patients with low back pain. They con-
cluded that epidural steroids are an effective way to treat
low back pain by any of the three routes studied, although
the order of efficacy would be transforaminal, caudal, and
interlaminar. Although the authors emphasize the use of
fluoroscopy,17 they only applied this to caudal and
transforaminal, allowing a blind technique for inter-
laminar epidural injections.

Caudal approach

Abdi et al.11 published another systematic review in 2005.
They tried to eliminate the bias in the Koes and Watts
reviews and treated each approach as a different entity. They
concluded that there is strong evidence for short-term and
moderate evidence for long-term relief.11[II], [III]

EVIDENCE FOR FAILED BACK SURGERY
SYNDROME

The problem with failed back surgery syndrome (FBSS) is
that it does not have a specific treatment because it does
not have a specific cause.26

Transforaminal

Devulder71 studied 20 patients with FBSS. Fifty-five per-
cent of patients achieved more than 50 percent pain relief
at one month, and 50 percent of those still at three
months. However, he mixed hyaluronidase with the local
anesthetic–steroid mixture.

Abdi et al.11 concluded that there is limited (level IV)
evidence for short-term or long-term relief.11[IV]

Caudal

Abdi et al. concluded that there is strong evidence for
short-term and moderate evidence for long-term relief
after caudal epidural injection of local anesthetic and
steroid.11[II], [III]

Revel et al.32 evaluated the efficacy of forceful epidural
steroid injections in radicular pain secondary to post-
operative spinal fibrosis. Twenty-nine percent had less pain
after large volume compared with only 6 percent in the small
volume groups. At 18 months, results were still in favor of
the forceful group, although the proportion of patients
returned to work was similar in both groups. The authors

admit that the results are not impressive, but given the
simplicity of the procedure, caudal injections should have a
role in the management of otherwise intractable FBSS.

EVIDENCE FOR SPINAL CANAL STENOSIS

Interlaminar

From Abdi et al. there is inconclusive evidence for short-
or long-term relief.11[V]

Fukusaki et al.62 evaluated the effect of translaminar
epidural steroid in pseudoclaudication. They found that
epidural injection of local anesthetic with or without
steroid was more effective than the saline injection used as
control for short-term relief. However, the results were no
different beyond the three months follow up of the study.

Buttermann21 compared interlaminar epidural steroid
injection with surgical intervention in patients with symp-
tomatic spinal canal stenosis secondary to central inter-
vertebral disk herniation who would be surgical candidates.
They concluded that ESI was not as effective as discectomy
at reducing pain and disability. On the critical side, the
patients were not blinded to both therapeutic options and
they did not use fluoroscopic control for the injections.

Transforaminal

Abdi et al. concluded that there is limited evidence for
short- or long-term relief of pain from spinal stenosis.11

[IV]
Botwin et al.28 examined radicular low back pain from

degenerative spinal canal stenosis to find that in follow up
one year later by an independent practitioner, 75 percent
of patients reported pain relief of 450 percent. Sixty-four
percent had also increased their walking tolerance and 57
percent their standing tolerance.

In an efficacy study, Riew et al.18 concluded that
transforaminal epidurals offer a significant reduction in
neurological symptoms as well as a reduction in low back
pain.

In a further one-arm efficacy study, Cooper et al.29

assessed the use of transforaminal epidural steroids in 61
patients as treatment for radicular pain secondary to
degenerative lumbar scoliotic spinal stenosis. Of these,
59.6 percent showed an improvement by two points in
numeric rating score for pain and in disability scores at
one week, 55.8 at one month, 37.2 at one year and 27.3
at two years. They therefore recommended that trans-
foraminal ESI be considered before surgery.

Caudal

Barre et al.33 looked at caudal ESI in 95 patients with
lumbar spinal canal stenosis in a one-arm retrospective
efficacy study. Thirty-five percent of patients had 450
percent improvement in pain scores, and 36 percent of

Chapter 35 Epidural (interlaminar, intraforaminal, and caudal) steroid injections for back pain and sciatica ] 421



patients had improvement by two points in disability
scores. Thirty-five percent of patients had long-term
improvement to the previously mentioned levels. How-
ever, 12 patients underwent surgery. This study identified
the presence of spondylolisthesis as an independent
positive predictive factor for successful outcome.

EVIDENCE FOR DISCOGENIC LOW BACK PAIN

Interlaminar

Buttermann22 tried to determine the effect of steroid in
discal pathology other than herniation. He compared
intradiscal steroid injection with epidural steroid injection
in terms of pain and function and concluded that epidural
steroid injection was beneficial for patients with discogenic
back pain and inflammatory end-plate changes on MRI.
He included 232 patients for ESI and 171 for intradiscal
injection. He also found that in a two-year follow up over
60 percent of patients had received further treatment.

Transforaminal

Abdi et al. concluded that there is indeterminate evidence
for both short- and long-term relief.11[V]

Caudal

Southern et al.63 injected steroids caudally in 97 patients
with axial low back pain and imaging consistent with disk
pathology at L4–5 or L5-S1 without spinal canal stenosis.
Only 23 percent of patients experienced pain relief at a
one-year follow up. These patients had reported lower
pain scores prior to injection. Previous studies of caudal
interventions have mentioned that the key for success is a
large volume of injectate. Although the authors of this
study were very selective with the patients included with
respect to the appropriate level of pathology, they only
used 10mL, and this may not have been enough to
achieve adequate spread to the affected area, as suggested
by previous studies on these injections.

COMPLICATIONS AND SIDE EFFECTS

Related to the procedure

During single injection procedures, malpositioning of the
needle has been found in 25 to 52 percent of cases of
transforaminal epidural injections.46 Intraprocedural
fluoroscopic confirmation of needle positioning with a
suitable contrast medium is advisable.16, 72 Botwin et al.73

studied the radiation exposure from the use of fluoro-
scopy for the practice of these procedures, and they
concluded that it was within safety limits and it did not

pose a danger to the clinician if minimal precautions were
observed. These include minimizing exposure time,
increasing the distance from hands to radiation source,
and the use of shields.

These malpositions include the placement of the
needle in the nonintended meningeal layer as well as
subarachnoid, intravascular, intraneural, or intraligaments.

Transient exacerbation of symptoms lasting up to 48
hours after the initial improvement is common.60

The Australian National Health and Medical Research
Council Advisory committee on ESI concluded that in view
of the evidence for its use and the potential side effects
associated with ESI, they could neither endorse nor
proscribe their use. They advised patient’s consent and
hospital ethics approval prior to the procedure, and
recommended that its use be restricted to radicular pain.52

Interlaminar approach

Needle malpositioning occurs in up to more than 50
percent of procedures carried out through this route. Up
to 6 percent of those needle malpositions are inadvertent
intrathecal injections. Furthermore, this is the route with
the highest incidence of injection in a nonintended level
due mainly to normal anatomical variations.

The epidural space is a virtual space that contains the
spinal venous plexus. Hence, it is technically possible to
damage these vessels.

Postdural puncture headache is a potential complication
of dural penetration when inserting the needle. It is more
frequent in cases where there has been previous spinal sur-
gery.60 Severe headaches may also be the consequence of air
in the subdural space if air is used for loss of resistance.11, 60

There have been several reports of epidural abscesses,
the risk being higher in diabetic patients,60, 74 and in
patients on systemic steroid medication. Two cases of
meningitis have been reported in the literature.74

A rarer, but devastating adverse event is sudden onset
of blindness shortly after the procedure.75, 76 It appears to
be related to the volume of injectate (up to 120mL have
been used in the literature) and to the speed of injection,
causing a sudden rise in intracranial pressure that can
compromise the retinal blood supply leading into
hemorrhagic areas in the retina. In some cases the patients
recovered some sight, but it never returned to the levels
before the injury.

Transforaminal approach

The arterial supply to the spinal cord below T2 depends on
direct blood supply from segmental spinal arterial tribu-
taries from the aorta or iliac arteries that enter the spinal
canal through the segmental spinal foramina. Although it
is technically possible to lacerate these arteries through
both interlaminar and transforaminal approaches, the risk
is higher with transforaminal procedures because the
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needle is always close to the spinal cord radicular artery
entering through the intervertebral foramen. A laceration
or injecting air or particulate injectate at this level will risk
spinal cord infarct or epidural hematoma with permanent
spinal cord damage. Infarct of the medulla oblongata will
result if the injury happens at a cervical level. Houten and
Errico77 reported three cases of paraplegia after computed
tomography (CT) or fluoroscopy-guided transforaminal
epidural. In all three cases the symptoms started immedi-
ately after injection and MRI showed lower thoracic spinal
cord edema. The authors believe the reason for this com-
plication was missed intra-arterial injection when the
needle penetrated an aberrant artery of Adamkiewicz,
arteria radicularis magna – the main radicular artery
supplying the anterior spinal artery. Intrathecal adminis-
tration of depot steroids and solvents can cause parapar-
esis. In this study the authors believe that accidental
intrathecal injection was excluded by the use of contrast
and fluoroscopy. Huntoon and Martin78 reported a case of
spinal infarct resulting in paraparesis and chronic pain
following injection of 5mL of triamcinolone and bupiva-
caine 0.125 percent. Glaser and Falco79 reported a tragic
case of paraplegia, in spite of injecting under fluoroscopic
control and in the so-called ‘‘safe triangle.’’

Other reported risks are a 10 percent incidence of rash
and pruritus, a 4 percent incidence of weight gain70 and
an 11.2 percent risk of intravascular penetration that was
higher at S1 level at 21.3 percent. Blood aspiration was a
highly specific (97.9 percent) but poorly sensitive (44.7
percent) sign for intravascular needle placement.58

Finn and Case72 reported a case of intradiscal injection
that reemphasizes the use of contrast-enhanced fluoro-
scopy to prevent complications.

Transforaminal steroid injections performed with
fluoroscopy and local anesthetic injection to prevent
intra-arterial injections are generally safe. However,
major, devastating complications with tragic and perma-
nent spinal cord damage can arise despite adhering to the
safest techniques and precautions.

Caudal approach

Needle malpositioning is most common through this
approach, with an incidence of up to 40 percent.33

The need to use larger volumes of injectate has been
linked with complications from a sudden rise in intra-
cranial pressure. These have included venous bleeding
into the retina secondary to an increased presence of CSF
around the optic nerve. Less dramatic complications from
a sudden increment in intracranial pressure have included
headache, nausea, dizziness, and spasm of back muscles.
However, all case reports have used an excess of 40mL.

Other less frequent complications include insomnia in
4.7 percent, transient non-postdural puncture headache
(PDPH) 3.5 percent, increased back pain 3.1 percent,
facial flushing 2.3 percent, vasovagal syncope 0.8 percent,
nausea 0.8 percent, and 0.4 percent increased leg pain.80

Related to the injectate

Inadvertent intravascular injection of particulate steroids
has been reported to cause cerebrovascular accidents,
retinal infarcts, and deafness81 from the formation of
microembolae. Methylprednisolone acetate forms aggre-
gates when dissolved in local anesthetics more than other
depot steroids.11

Subarachnoid steroids were routinely used up until the
late 1980s to prevent arachnoiditis reactive to the injection
of contrast media during myelography. After several series
of cases where patients developed arachnoiditis following
the subarachnoid injection of methylprednisolone, it is
widely accepted that up to 90 percent of patients will
develop radiographic arachnoiditis, and up to 20 percent of
such patients will progress to clinical arachnoiditis. This
has been attributed to polyethylene glycol used as a vehicle
in the preparations of methylprednisolone.60 Other
reported complications of subarachnoid steroids are che-
mical meningitis, convulsions, subarachnoid hemorrhage,
and urinary incontinence. However, some authors still
advocate their use as treatment for multiple sclerosis.

Epidural steroids have not been related to arach-
noiditis.60 However, there have been reports of encephalo-
pathy, myelopathy, cauda equine syndrome, chemical
meningitis, and epidural abscesses. The latter complica-
tions have resulted in para/tetraplegia and even death.
There have been reports of activation of latent tubercu-
lous or cryptococcal infections and of septicemia
following epidural administration of steroids.

Some preservatives included in the steroid formula-
tions may be potentially neurotoxic, as suggested by
animal research.9

The depot steroids may produce a picture consistent
with ACTH suppression that can last a few weeks.11, 60

Patients with diabetes may experience a transitory rise in
glycemic levels or in insulin requirements that may last
several days.11, 60 Other systemic problems reported from
the use of steroids are osteoporosis, bone avascular
necrosis, myopathy, truncal weight gain, and fluid
retention.11, 82 Within these lines, Manchikanti et al.83

followed up patients for up to one year after epidural
steroid injection and reported no incidence of bone mass
density change or weight gain.

Lowell et al.84 reported three cases of epidural abscess
in patients who were injected with 40mg of methyl-
prednisolone intraoperatively after microdiscectomy.

CONTRAINDICATIONS

The number and doses of epidural steroid injections that
a patient can have has not been determined. Existing
studies do not offer injections any closer than two weeks
apart since the systemic effect of the steroid may persist
for at least two weeks, depending on dose of depot
steroid.
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Absolute

� Systemic infection or local infection at the site of the
injection. There have been reports of tuberculosis
being reactivated by epidural steroid injections.

� Any bleeding disorder, thrombocytopenia, potent
platelet inhibitor, therapeutic doses of low molecular
heparin, unfractionated heparin, pentasacharide,
vitamin K-antagonist.

� History of allergic reaction to the injected solutions,
including radiological contrast, local anesthetic, or
steroids.

� Spinal canal stenosis of any cause: interlaminar
epidural. A transforaminal injection of a small
volume may carry less risk.

� Patient refusal.

Relative

� Unusual (‘‘difficult’’) anatomy increases the risk of
dural puncture and of intraspinal bleeding.

� Nonsteroidal anti-inflammatory drugs (NSAIDs)
reduce platelet stickiness. Horlocker et al.85 studied
1035 patients on NSAIDs receiving epidural steroids
and found no epidural hematomas. However, they
found that advanced age, needle gauge, approach,
multiple passes, and accidental dural puncture were
all related to increased incidence of blood in the
needle, although there were no long-lasting
complications.

� Steroids are relatively contraindicated in:
– patients with congestive cardiac failure in whom a

slight increase in circulating blood volume may
pose a risk of decompensation;

– insulin-dependent diabetics and patients on
chronic steroid medication have increased risk of
infection;

– patients who are scheduled for surgery in the near
future, as epidural depot steroid may cause
adrenal suppression;

– pregnancy: risk of intrauterine growth retardation
with repeated steroid injections
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KEY LEARNING POINTS

� Epiduroscopy is a new development which may aid the

understanding of complex pathophysiology of complex

lumbar radiculopathy pain.
� Its main indication is chronic lumbar radiculopathic

pain, particularly associated with previous back surgery

or spinal stenosis.

� Two randomized controlled trials (RCTs) of endoscopic

adhesiolysis show positive outcomes.
� Methods of improved adhesiolysis are under evaluation.
� Prospective well-designed and controlled studies are

needed.

INTRODUCTION

Endoscopy has improved patient care in many areas of
medicine, for example arthroscopic and laparoscopic
surgery. Endoscopy of the spinal canal is still in an
experimental developing stage and its future depends
upon a number of factors, many of which are technical.

Epiduroscopy means endoscopic examination of the
epidural space. The intrathecal space can be examined, but
this is usually avoided as pathology and changes producing
pain are thought to occur mainly within the epidural space.

HISTORY

Epiduroscopy is not a new subject. Seventy years ago,
Elias Stern1 anticipated that direct observation of the

contents of the spinal canal might be practically useful.
Pathological changes of inflammation, adhesions of the
spinal membranes, varicosities of the cord, and tumors
were recognized soon afterwards.2 The study of the blood
supply of the cord and nerve roots both in normal and
pathological conditions was anticipated.

Michael S Burman3 is credited with carrying out the
first cadaver spinal endoscopy and a few years later an
American neurosurgeon, Pool,4 published the largest case
series ever of over 400 examinations. In the 1960s, Ooi
et al.5 published a case series of over 300 patient exam-
inations. He studied the cessation of blood flow in the
cauda equina during straight-leg raising6 and the dynamic
effects of posture on the vessels of the cauda equina in
lumbar canal stenosis.7

Blomberg and Olsson8 and Heavener et al.9 published
useful observations. In 1991, Shimoji et al.10 made two



very important points: for safety, patients must be
examined awake and pain could be reproduced by gentle
contact with affected nerve roots. Recently, Saberski and
Kitahata11 have popularized the caudal approach, thereby
reducing the chances of inadvertent subarachnoid entry
and neurological disturbance. Modern instruments
are flexible, steerable, and have a saline irrigation port
(Figures 36.1 and 36.2).

Areas in which epiduroscopy has contributed to
patient care are living anatomy, its association with
regional anesthesia, and the diagnosis and management of
chronically painful conditions (see below under The role
of epiduroscopy in chronic pain management).

EPIDURAL STRUCTURES

Epiduroscopy can provide views of the dura mater, nerve
roots, fatty and fibrous connective tissue, the ligamentum
flavum, and periosteum.

Fat exists in a segmental distribution between the
laminae as previously shown by magnetic resonance
imaging (MRI)12 and cryomicrotomy.13

Epidural blood vessel trauma associated with the
introduction of a Tuohy needle is seen in approximately
one-quarter of patients.14 It is reported that subsequent

epidural anesthesia is unreliable, occasionally resulting in
unilateral,15 failed,16 or insufficient analgesic spread.17

Profound observations have been made by Igarashi and
colleagues17 with epiduroscopic examination revealing
significant occlusive inflammatory changes.

The same authors have contributed to our knowledge
in a number of other areas. The aging epidural space
becomes readily widely patent following the injection of
air, while at the same time there is a reduction in the
amount of fatty tissue.14 Fibrous connective tissue, the
degree of vascularity, and susceptibility of blood vessels to
trauma do not alter.

Fatty and fibrous connective tissue reduce rostrally
compared to the lumbar space.18 The thoracic epidural
space is more distensible than the lumbar space, as shown
by injection of air during epiduroscopy, and intrapleural
pressures transmit to the epidural space.19

Epiduroscopy in pregnancy has revealed blood vessel
engorgement in the first trimester with an increase in
vascular network in the third trimester.20

THE ROLE OF EPIDUROSCOPY IN CHRONIC
PAIN MANAGEMENT

Low back pain (LBP) is a major health resource consumer
within the western world. At some time, 80 percent of the
population will be affected and although most of these
episodes settle, in many patients they recur. At 12 months
most people are in pain and many are severely disabled.21,
22 Chronic radiculopathic pain ensues in approximately 1
percent as defined by pain in the distribution of a lumbar
nerve root accompanied by neurosensory and motor def-
icits.23 Radiculopathic pain is probably the most painful
and disabling condition in degenerative lumbar spine
disease and is difficult to manage, as current treatments are
only partially effective. Reliance upon traditional treat-
ments (surgery, physiotherapy, and long-term pharma-
cotherapy) is expensive and often only partly effective.

The main indication for epiduroscopy is chronic
lumbar radiculopathic pain, particularly in association
with previous back surgery (failed back surgery syndrome
(FBSS)) or spinal stenosis (SS). Other symptoms, for
example numbness, may be an indication if this is
thought to have arisen as part of a true radiculopathic
syndrome, i.e. its cause is within the nerve root.

Pathophysiology of radiculopathy

Pain generation is complex and it is a gross simplification
that compression of nerve roots alone causes pain. Nerve
root alteration in morphology, along with injury leading
to radiculopathy, can ensue without any mechanical cause
being present.24, 25, 26, 27, 28, 29, 30 Paresthesiae arise
through compression but for the production of pain,
inflammation of nerve roots in addition is required.

Figure 36.1 A modern epiduroscope.

Figure 36.2 Outer steering sheath possessing two lumena:

one for the scope and one for saline irrigation.
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Human in vivo confirmatory evidence for this has come
from volunteers undergoing back surgery under local
anesthetic infiltration when only inflamed nerve roots
which are in contact with (but not compressed by) her-
niated disks are pain sensitive.31 The mechanisms
involved in radiculopathy involve vascular, neurotoxic,
immunological, and inflammatory reactions arising from
the leakage of nucleus pulposus into the epidural space.

Nerve root properties

Nerve root (especially dorsal root) blood supply is poor
with approximately 75 percent of its nutrition depending
upon a flow of cerebrospinal fluid (CSF).32, 33 In disease
states, especially with adhesive arachnoiditis, nutrition
becomes critical. This may occur not just through
mechanical constriction of the vessels with intraneural
edema, but also through thrombus formation in the
intraneural capillaries which follows nucleus pulposus
contact.24, 25, 26, 27, 28, 29, 30 A compartment syndrome is
effectively produced within the nerve root.34

Role of nucleus pulposus

Nucleus pulposus is chemically active, containing a host of
potentially inflammatory chemicals.24, 25, 26, 27, 28, 29, 30, 34 An
annular tear of an intervertebral disk releases large amounts
of phospholipase.35 A direct pathway exists between degen-
erate disks and the epidural space, a feature well known to
discographers, so that these chemicals can come into direct
contact with the nerve root.35 Pain generation occurs as
cytokines present in the nucleus pulposis placed directly on
intact nerves causes a painful neuropathy.24, 25, 26, 27, 28, 29,
30, 34 Venous congestion and intraneural edema of the nerve
root follows which is exacerbated by rapid thrombus for-
mation.24, 25, 26, 27, 28, 29, 30, 34 An impairment in intraneural
blood flow is probably the final common pathway leading to
abnormalities in nerve conduction (see below under Epi-
dural fibrosis) and pain generation.24, 25, 26, 27, 28, 29, 30, 34 For
the reliable induction of abnormal pain behavior in
experimental conditions, a combination of physical defor-
mation of the nerve root is required, as well as chemical
irritation from a herniated nucleus pulposus.25 Either insult
alone may be unreliable.

Demyelination with nerve conduction abnormalities
ensue.24, 25, 26, 27, 28, 29, 30, 34 Areas of demyelination
become sources of ectopic discharge interpreted by higher
centers as altered sensation and pain.36 Extreme
mechanical sensitivity develops, so that straight-leg rais-
ing leads to spontaneous discharge and pain.37 Peripheral
and central sensitization contribute to the overall process
involved in chronic radicular pain and radiculopathy.

Epidural fibrosis

The overall events responsible for the production of an
inflammatory process which leads to the development of

fibrosis can be summarized as a chronic chemical radi-
culitis, neurogenic inflammation, probably an auto-
immune response to nucleus puplosus and impaired
fibrinolysis.24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 37, 38

Spinal surgery is a potent source of fibrosis. Surgery
for patients with sciatica can probably be expected to
improve the mechanics of nerve compression, thereby
possibly promoting a restoration of nerve root nutrition
and circulation, but the potential risks include worsened
direct, neurogenic and possible immunological inflam-
mation, and further impairment of fibrinolysis through
activation of the stress response to surgery.39 Direct tissue
trauma, bruising, bleeding, bacterial and possibly foreign
body contamination encourage a further fibrous reaction.
Stimulation of the nervous system through the process of
intraoperative and postoperative pain generation, as well
as any possible neurological damage, encourages the
continuation of chronic pain.36 The incidence of fibrosis
in association with chronic radiculopathic pain is near to
100 percent of patients examined endoscopically.40, 41

Nerve root blood flow in the healthy situation is rela-
tively poor with reliance upon a circulation of CSF.
‘‘Strangulation’’ of nerve roots due to epidural fibrosis has
been described in terms of a compartment syndrome.34

Dense fibrosis is usual following surgery. An overall
quantitative relationship between epidural scar and radi-
cular pain has been evaluated by MRI after lumbar lami-
nectomy: subjects with extensive peridural scarring were
three times more likely to experience radicular pain.42

In summary, the generation of chronic radiculopathic
pain is complex, involving much more than nerve root
compression. The main causes are biochemical and vas-
cular. However, attention to physical abnormalities alone,
for example disk prolapse, is unlikely to produce optimal
results for many patients. Adhesiolysis, aimed at freeing
nerves from tethering effects and allowing sufficient space
around nerve roots for unimpeded flow of CSF and blood
supply, may be beneficial, but needs to be studied in
controlled trials.

PRACTICAL ENDOSCOPY

Most of the basic requirements for epiduroscopy will be
available in most acute hospitals. These are listed in Box 36.1.

The requirements for a useful spinal endoscope are high
quality optics, flexibility, steerability, a system for constant
administration of a distending medium of saline (small
volume air injection can be used for limited examinations),
and of course safety. All this has to be made with as small
an outside diameter as possible. It is only in the last decade
that these requirements have been met.

A number of modern spinal endoscopes are in com-
mon use. Optics of between 10 and 15,000 pixels are the
norm (Figure 36.1). The steering outer sheath produces
an instrument with an outside diameter of approximately
2.5mm (Figure 36.2).

Chapter 36 Epiduroscopy and endoscopic adhesiolysis ] 429



The caudal route is the most appropriate entry for
most examinations as a straight line up to the lumbar area
is provided.

Consent

The following words should probably be included: spinal
endoscopy, headaches, sacral fluid leak of saline, tingling,
numbness, and weakness of the legs. Patients may also be
consented for meningitis, nerve root avulsion, and para-
plegia. To the best of our knowledge these complications
have not so far been reported. Consent is also required for
the drugs used, especially steroids. It may be appropriate
to consent patients for unknown Creutzfeld–Jakob disease
risk. Problems with vision have resulted from the trans-
mission of saline pressure from the epidural space (ES) to
the spinal space and thence by the hydraulics of the CSF
to the brain. As the patient is prone, the eye is the most
dependent part of the brain.

Exclusion criteria are listed in Box 36.2.

Sterilization of the epiduroscope

A glutaraldehyde bath followed by careful rinsing is
appropriate, but this can be modified according to local
arrangements. Autoclaving is not possible as the delicate
optical instrument is not made to withstand high
temperatures.

The endoscope must be handled with great care to
avoid fracture of fibers. Only gentle coiling should be
attempted. Sudden uncoiling can easily cause contact with
nonsterile surfaces. Careful storage is necessary to avoid
damage. Training and interest of dedicated staff is
optimal.

Observation of the epidural space

The room set up is shown in Figure 36.3. At least one and
a half hours of operating time per patient should be
allowed.

The side of the patient’s pain and its approximate
dermatomal level should be known to the operator. This
allows confinement of the examination to the particular
area in question, as opposed to an attempted examination
of the entire lumbar spine. This substantially reduces the
amount of operating time required. Dermatomal charts
should be known.

Broad spectrum antibiotic prophylaxis (e.g. a cepha-
losporin) is generally used. Sedation is helpful but this
should be light. Monitoring of blood pressures, oxygen
saturations, and electrocardiograms are only helpful if
excessive sedation has been used or if the patient has
coexisting disease, otherwise the alarms are distracting.

With the patient positioned prone on the operating
table, the skin of the back, especially around the sacral

Box 36.2 Exclusion criteria

� Lack of consent including difficulty with
comprehension for any reason, for example
language barrier, psychiatric disorder.

� Local infection at the entry site.
� The use of anticoagulants or a bleeding

diathesis.
� Hypersensitivity to local anesthetic or contrast

media (the procedure could be modified).
� Pregnancy.
� Marked obesity.
� Uncontrolled hypertension.
� Inability to lie prone for at least an hour due to

any reason.
� Brain/eye disease.

Box 36.1 Basic requirements for
epiduroscopy

� Facilities for sterile patient management.
� Facilities for x-ray screening.
� A cold light source and a video display. An

advantage is an image recording system,
preferably digital (DVD).

� A saline flushing device.
� Equipment for entry into the epidural space.

Patient

Patient
advocate

Operator

Assistant

C-arm

Monitor

Video
screen

X-ray
monitor

Back-
table

Figure 36.3 Procedure room set up.
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hiatus, should be cleaned. A Seldinger technique is used
for access to the sacral ES. An epidurogram (5–15mL of
nonionic water-soluble contrast medium) can delineate
filling defects, indicating islands of epidural fibrosis which
often correspond with the site of the patient’s pain
(Figure 36.4).

Gentle contact with nerve roots relevant to the
patient’s pain elicits a valuable response. Inflamed nerve
roots are painful and will reproduce the pain, whereas
noninflamed nerve roots produce mild discomfort only. It
follows that maintenance of sensible verbal contact is
essential for pain source location and safety.

A flow of saline is needed to lubricate the instrument
and to push structures away from the lens in order to
maintain vision. A continuous flow should be used, while
pressures are kept low enough to prevent adverse symp-
toms (paresthesiae, pain in the back and legs, and
sometimes headaches. If these symptoms occur, the pro-
cedure and the flow of saline must be temporarily
suspended.

Patience is essential. With experience, the nerve root
can be examined along its course up to the intervertebral
foramen. Time and experience are necessary for
orientation.

Adhesiolysis

If adhesions are found to be present on the nerve root,
they can be mobilized with the tip of the instrument by
sweeping it back and forth (neuroplasty). This procedure
is only performed for ‘‘symptomatic’’ nerves. Adhesions
attached to nerve roots not considered to be involved in
the patient’s pain should be left alone. This procedure
must be carried out with great gentleness in a cooperative
and sensible (albeit lightly sedated) patient. With a report

of paresthesiae it is essential to stop immediately. Flimsy
adhesions can be hydrostatically mobilized via the saline
flow. The success of adhesiolysis may be evaluated by pre-
and postprocedure epidurography. In order to lessen the
possibility of dural pucture, it is advisable to carry out
this procedure as lateral and as close to the intervertebral
foramen as possible (Figures 36.5 and 36.6).

Figure 36.4 A preoperative epidurogram can delineate filling

defects indicating islands of epidural fibrosis which often

correspond with the site of the patient’s pain.

Figure 36.5 A ‘‘foramenogram’’ during a neuroplasty for the

L5 nerve root.

Figure 36.6 The endoscope is in place for an S1 neuroplasty.
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Targeted therapy

Steroids, local anesthetic and other solutions, for example
clonidine and hyaluronidase, at the end of the procedure
can be deposited in exactly the correct area. This is one of
the great advantages of spinal endoscopy over ‘‘blind’’
epidural placement (see below under Outcome studies).

Completion

Following completion, the instrument is removed and
steristrips are placed across the sacral entry site. The
patient is returned to the supine position and should rest
for at least one hour before being allowed to go home on
the same day or after an overnight stay. Postural hypo-
tension is possible if local anesthetic/clonidine have been
used.

ROLE OF EPIDUROSCOPY IN THE DIAGNOSIS
OF CHRONIC RADICULOPATHIC PAIN

The accurate diagnosis of radicular pain is difficult.
Imaging techniques provide superbly detailed views, but
diagnostic usefulness for benign disease is disappointing.
A major drawback is that they cannot distinguish the
causes of pain from abnormalities related to trauma and
aging. Table 36.1 summarizes the differences between
epiduroscopy and MRI scanning; the logical conclusion
being that these investigations are mutually informative.

Spinal endoscopy is different to other imaging tech-
niques in that it has a major interactive element with the
patient.

Noninflamed healthy nerve roots appear as white or
slightly pink structures with blood vessels running across
their surface and they transmit a marked pulsation from
the dural sac. Inflamed nerve roots on the other hand are

red and edematous. Multiple adhesions may obscure the
nerve, but nevertheless the area often remains very pain
sensitive. Pathological nerve roots may be avascular
structures (i.e. devoid of surface vessels) and nonpulsatile.
Through interaction with the patient, by gently probing
with the tip of the endoscope, the response elicited is
diagnostically useful with the patient reporting if his
typical pain has been reproduced.

POSSIBLE THERAPEUTIC USEFULNESS OF
EPIDUROSCOPY IN RADICULOPATHY

As well as a neuroplasty, dilution or ‘‘washing-out’’
through intervertebral foraminae of chemicals leaked
from damaged intervertebral disks and zygo-apophyseal
joints24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 37 may also con-
tribute to an improvement in symptoms.

The overall efficacy of epidural steroid administration
is accepted to be positive in the treatment of chronic
radicular pain.43, 44, 45, 46, 47, 48

Experimentally, the effects of injected nucleus pulposus
cytokines can be blocked with topical lidocaine and
methylprednisolone.46 Epiduroscopy allows for highly
accurate placement at the exact pain-generating neve
root(s) while mechanical and hydrostatic adhesiolysis
effectively forms a pocket for solution. The possible
benefit from these medications is therefore optimized. An
improvement in the ability of nerve roots to move and
stretch with back movements and straight leg raising may
ameliorate symptoms.49, 50, 51, 52 Possible mechanisms of
an improvement in symptoms through epiduroscopy are
listed in Table 36.2.

From the point of view of complications of steroid
injection, it is important that intrathecal injection is
avoided46 and this is readily achieved with the aid of
direct vision.

Table 36.1 Suggested comparison of spinal endoscopy with MRI scanning in the management of LBP with

radiculopathy.

Spinal endoscopy MRI scanning

Nerve root anatomy 1 (close up views only possible) 11

Nerve root vascularity 11 �
Nerve root inflammation 11 �
Nerve root sensitivity 11 �
Diagnostic localization of pain 11 �
Identification of fibrous tissue 11 1

Disc prolapse identification � (anterior structure) 11

Assessment of spinal canal size � 11

Exclusion of serious pathology � (biopsy possible) 11

Therapeutic aspects 11 �
11, very helpful; 1, helpful; � , somewhat helpful; �, not helpful.
LBP, low back pain; MRI, magnetic resonance imaging.
Reprinted from Dolin SJ, Padfield NL (eds). Pain medicine manual, 2nd edn, 2004, by permission from Elsevier.
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OUTCOME STUDIES

Low back pain with sciatica

The largest case series was one of the first publications on
this subject by Pool4 looking at 400 patients, Ooi and
colleagues5 reported on 300 patients.

Recent outcomes of three prospective case series,40, 41,
53 two retrospective evaluations,54, 55 and a randomized,
double-blind controlled trial56 have been positive for
improvements in pain and physical function in patients
with chronic LBP with radiculopathic leg pain who had
previously obtained inadequate pain relief with tradi-
tionally placed caudal or lumbar epidural steroids.

Geurts and colleagues40 prospectively evaluated whether
abnormalities at the lumbar level as diagnosed by MRI are
confirmed by epiduroscopy, and assessed if targeted epidural
injection of medication alleviated sciatic pain. Nineteen of
20 patients studied showed adhesions via epiduroscopy. In
eight patients, six of whom had never undergone surgery,
these were not detected with earlier MRI. Six patients
showed concomitant signs of active root inflammation. Out
of 20 patients treated, 11 (55 percent) experienced sig-
nificant pain relief at three months which was maintained at
six, nine, and twelve months for eight (40 percent), seven
(35 percent), and seven (35 percent) patients, respectively.
Mean visual analog scores (VAS) at three months were
significantly reduced (DeltaVAS= 3.55; po0.0001), and this
persisted at 12 months (DeltaVAS= 1.99, p= 0.0073).

Richardson and colleagues41 prospectively reported on
all 38 patients listed for day-case epiduroscopy over a 12-
month period (April 1998–April 1999), who had chronic
severe LBP and radiculopathic pain. The mean (range)
pain duration before treatment was 10.9 (2–26) years and
50 percent had an FBSS. In all patients in whom treatment
was completed (n= 34), the pain-generating nerve roots
were located through symptom interaction with the
patient. All had epidural scar tissue, in 14 (41 percent) of
whom this was dense. Neuroplasty was performed so that a
pocket was formed for the subsequent placement of
bupivacaine, Depomedrones, and clonidine. No intra-
operative complications occurred and side effects were

minimal. Follow up over a 12-month period showed sta-
tistically significant reductions in pain scores and disability.

In a retrospective evaluation by Manchikanti et al.,56

112 epiduroscopies were studied in 85 consecutive
patients who had failed to show a significant response of
at least six weeks or longer from a single treatment that
included epidural steroid injections. The procedure
included visualization of adhesions, adhesiolysis, and
deposition of corticosteroid and local anesthetic. Initial
pain relief was greater than 50 percent in all patients (100
percent). The percentage of patients with substantial pain
relief diminished to 94 percent at one to two months, to
77 percent at two to three months, and 7 percent after
twelve months. Mean substantial pain relief in weeks per
procedure was 19� 1.79. The total average cost per pro-
cedure was US$2961� 139. Substantial relief was pro-
vided at a cost of $156 per one week improvement. For
one year, substantial improvement would cost $8127.

In a prospective, randomized double-blind trial pub-
lished by Manchikanti and colleagues,56 all patients with
chronic LBP of at least six months and having failed
conservative modalities of management, including fluor-
oscopically directed epidural steroid injections and per-
cutaneous adhesiolysis, were included. Group I (n= 16)
served as a control with endoscopy to the sacral level
without adhesiolysis, followed by injection of local anes-
thetic and steroid. Group II consisted of spinal endoscopy
and appropriate adhesiolysis, followed by injection of
local anesthetic and steroid. Outcome measures were
pain, functional status, psychological, and behavioral
status. In group II, 13 of 23 patients (57 percent) showed
significant improvements in VAS scores of greater than 50
percent at one, three, and six months. Disability scores
and ranges of motion were improved at one, three, and
six months in group II, along with improved psycholo-
gical and behavioral tests. No improvements were recor-
ded in group I. The only adverse event was one patient
with a subarachnoid block. The results clearly showed the
value of adhesiolysis.

A prospective, randomized study recently published by
Dashfield and colleagues57 demonstrated negative results.
Sixty patients with a 6–18-month history of sciatica were

Table 36.2 Possible mechanisms of an improvement in symptoms through epiduroscopy.

Mechanism References

Dilution or washing-out of the ‘‘chemical soup’’ leaking from damaged

intervertebral discs and zygapophysial joints

24, 25, 26, 27, 28, 29, 30,

34, 35

Certain placement of epidural steroid containing medication into a

pocket formed around the nerve root

40, 41

Adhesiolysis allowing freer nerve root stretching, slackening, excursion,

and pendulum motion

49, 50

Nerve root and dura mater partial denervation 51, 52

Reprinted from Richardson J, Kallewaard JW, Groen GJ. Spinal endoscopy for chronic sciatica. British Journal of
Anaesthesia. 2005; 95: 275–6, by permission from Oxford University Press.

Chapter 36 Epiduroscopy and endoscopic adhesiolysis ] 433



randomized to receive caudal epidural steroids versus
epiduroscopic placement of steroid. No attempt was
made with the epiduroscope to carry out adhesiolysis.
Both groups demonstrated significant improvements
compared to baseline in descriptive pain at six months. In
the caudal epidural placement group, VAS scores
improved at six weeks, three months, and six months.
Present pain intensity (PPI) improved significantly at
three and six months. Anxiety reduced significantly at six
weeks, three months, and six months. Depression was less
at six months. Overall there were fewer changes in epi-
duroscopy group: PPI reduced significantly at six weeks
and six months; anxiety was less at six months only. The
author’s conclusion (with which we agree) was that put-
ting a patient through the longer, more uncomfortable,
more costly, and potentially more hazardous procedure of
epiduroscopy (without adhesiolysis) is difficult to justify
on symptomatic grounds. The reasons for the discrepancy
in results between this study and other publications have
been pointed out in a letter to the editor.58

Dashfield et al.’s study57 examined different patients to
those of other publications. None of their patients had an
FBSS and symptom duration was a maximum of 18
months. Very little scar tissue was encountered. In the
case series of Richardson and colleagues,41 symptom
duration was 10.9 years (range 2–26) and 19 out of 38 had
had surgery. Epidural fibrosis was found in all patients
and was dense in nine. In the study of Geurts et al.,40

symptom duration was a mean of 5.5 years (range 2–10),
with 12 out of 20 patients having had a total of 26 back
operations between them. Adhesions were found in 19
patients, being dense in 14. Igarashi et al.53 studied
patients with SS, a significant amount of narrowing being
caused by fibrous tissue encroachment on the spinal canal
(see below under Epiduroscopy in spinal stenosis).
Manchikanti et al.54 published two studies, one involving
postlumbar laminectomy patients and the other involving
some patients who were postlaminectomy,55 all of whom
were nonresponsive to previous nonepiduroscopic per-
cutaneous adhesiolysis. The majority of patients in
Manchikanti et al’s.56 randomized, double-blind con-
trolled trial had moderate or extensive epidural fibrosis
and all had failed to obtain adequate pain relief from
nonepiduroscopic percutaneous adhesiolysis.

Deliberate attempts were made in all these quoted
publications to carry out adhesiolysis, indeed, this was felt
to be an integral, important part of the procedure. Effi-
cacy of adhesiolysis is hard to establish scientifically, but
postoperative epidurography had improved (compared to
preoperative epidurography) in approximately half the
patients in the Richardson and Geurts case series. Positive
effects of deliberately carried out adhesiolysis involving
epiduroscopy have been found in all publications in terms
of pain relief and physical function. The value of adhe-
siolysis was specifically studied in the Manchikanti et al.56

randomized, double-blind controlled trial. Pain relief,
physical function, psychological function, and behavioral

status all improved in a significant number of patients,
without side effects. Only three patients in the Dashfield
group underwent adhesiolysis.

Our conclusions, from the scientific studies so far car-
ried out, are that in patients with short case histories with
probably mild epidural chronic pathological changes, epi-
duroscopy may have little to offer over and above tradi-
tional steroid placement. If specific nerve roots require to
be targeted, the simpler method of selective nerve root
approach may be preferable and has been shown to be
effective. For patients with more chronic symptoms, par-
ticularly with epidural fibrosis shown on MRI corre-
sponding with the side and presumed site of symptoms,
effective delivery of steroid to the required nerve roots is
highly unlikely to be effective through nonspecific (caudal
or translaminar lumbar) delivery. Epiduroscopy with
neuroplasty is very useful for these patients.

Epiduroscopy in spinal stenosis

Igarashi et al.53 recently published a case series of epidural
adhesiolysis followed by injection of steroid and local
anesthetic for the symptoms of SS. Patients with degen-
erative lumbar SS (n= 58, median age 71 years) were
divided into two groups based on presenting symptoms: a
monosegmental group (n= 34) and a multisegmental
group (n= 24). Each patient underwent epiduroscopy and
the findings were evaluated using VAS for LBP and leg
symptoms. Epiduroscopy included adhesiolysis and instil-
lation of steroid/local anesthetic. Epiduroscopy showed
that the amount of fatty tissue and the degree of vascularity
were greater in the monosegmental group than in the
multisegmental group. Relief of LBP was observed up to 12
months after epiduroscopy in both groups. Relief of leg
pain was evident up to 12 months after epiduroscopy in
the monosegmental group, and up to three months in the
multisegmental group. None of the patients showed dete-
rioration of motor or sensory deficits during follow up.
One patient was excluded from analysis because of acci-
dental dural puncture during the procedure.

As well as an effect of adhesiolysis on radicular pain
generation through biochemical means, as discussed
above under Possible therapeutic usefulness of epiduro-
scopy in radiculopathy, it is possible that the amount of
stretching, slackening, excursion, and pendulum motion
needed by nerve roots in order to accommodate back
flexion and extension49 had improved. Nerve root blood
flow even in health has been directly observed to cease
with nerve traction.6

Conclusion from controlled studies

Spinal endoscopy is a safe undertaking, as demonstrated in
these publications as well as others.2, 4, 5, 6, 7, 9, 10, 11, 14, 17, 18,
19, 20, 47 A recent review of interventional outcomes concludes
that the evidence is strong for short-term relief and moderate
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for long-term relief in chronic refractory LBP and leg pain
secondary to postlumbar surgery syndrome.48 Its usefulness
in patients with chronic severe radiculopathic symptoms,
especially in association with FBSS, appears to be established.
Better and more scientific studies are required.

OTHER APPLICATIONS

Recovery of foreign bodies, for example sheered epidural
catheter and targeted neurolytic substances for the man-
agement of terminal cancer pain, are potential applica-
tions. It has been suggested that the design of epidural
and spinal needles could be aided by epiduroscopy.59

The ability to perform surgery with epiduroscopy will be
exciting for the future. Animal studies seem promising.60

The ability to carry out adhesiolysis is highly important.
Radiofrequency energy is being investigated. Raffaeli and
Righetti61 have recently reported on 14 patients with FBSS,
having undergone a minimum of two operations and had
previously done well with spinal endoscopy but had
relapsed, who underwent epiduroscopic radiofrequency
lesioning of adhesions. Patients were evaluated before, at
one, three, and six months after the procedure. Pain relief
of greater than 90 percent was found in eight, pain relief of
between 60 and 70 percent was found in five, and less than
30 percent was reported in one. For a quarter of patients
(five) the benefits lasted less than one month, for the others
it was over 80 percent at six months. Surgical time was 35
minutes and no short-term complications occurred.

REPORTED MORBIDITY

Potentially serious complications have arisen through over-
pressurization of the epidural space with saline. Pressure
transmitted centrally via the hydraulics of the CSF has lead
to three cases of retinal hemorrhages producing temporary
visual disturbance (personal communication) and two cases
of serious medulla-radicular irritation, one involving dys-
esthesiae and diffuse spasms of the lower limbs, the other
involving short intraoperative and repeated postoperative,
tonic-clonic spasms of the lower limbs.62 It is important to
keep the flow of saline to the minimum that is required for
reasonable views and to stop with any report of headache or
shoulder pain. A head-up position is helpful. No deaths have
been reported. To our knowledge, no case of severe persis-
tent neurological damage has been described. No case of
spinal infection has been reported. The greatest safety fea-
ture of all remains the patient’s symptoms and it is essential
to maintain sensible verbal contact at all times.

CONCLUSIONS

Epiduroscopy is a safe and remarkable development
which aids understanding. Methods of improved adhe-
siolysis are under evaluation. Its future looks fascinating.
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during Lasègue’s test. International Orthopaedics. 1981; 4:
307–11.

7. Ooi Y, Mita F, Satoh Y. Myeloscopic study on lumbar canal

stenosis with special reference to intermittent

claudication. Spine. 1990; 15: 544–9.
8. Blomberg RG, Olsson SS. The lumbar epidural space in

patients examined with epiduroscopy. Anesthesia and
Analgesia. 1989; 68: 157–60.

9. Heavner JE, Chokhavatia S, Kizelshteyn G. Percutaneous

evaluation of the epidural and subarachnoid space with a

flexible fiberscope. Regional Anesthesia. 1991; 15: 85.

10. Shimoji K, Fujioka H, Onodera M et al. Observation of

spinal canal and cysternae with the newly developed

small-diameter, flexible fiberscopes. Anesthesiology. 1991;
75: 341–4.

11. Saberski LR, Kitahata LM. Direct visualization of the

lumbosacral epidural space through the sacral hiatus.

Anesthesia and Analgesia. 1995; 80: 839–40.

12. Westbrook JL, Renowden SA, Carrie LES. Study of the

anatomy of the extradural region using magnetic

resonance imaging. British Journal of Anaesthesia. 1993;
71: 495–8.

13. Hogan QH. Epidural anatomy examined by cryomicrotome

section. Regional Anesthesia. 1996; 21: 395–406.

14. Igarashi T, Hirabayashi Y, Shimizu R et al. The lumbar

extradural structure changes with increasing age. British
Journal of Anaesthesia. 1997; 78: 149–52.

15. Withington DE, Weeks SK. Repeat epidural analgesia and

unilateral block. Canadian Journal of Anaesthesia. 1994;
41: 568–71.

16. Korbon GA, Lynch 3rd C, Arnold WP et al. Repeated
epidural anaesthesia for extracorporeal shock-wave

lithotripsy is unreliable. Anesthesia and Analgesia. 1987;
66: 669–72.

17. Igarashi T, Hirabayashi Y, Shimizu R et al. Inflammatory
changes after extradural anaesthesia may affect the

spread of local anaesthetic within the extradural

space. British Journal of Anaesthesia. 1996; 77: 347–51.

Chapter 36 Epiduroscopy and endoscopic adhesiolysis ] 435



18. Igarashi T, Hirabayashi Y, Shimizu R et al. Thoracic and

lumbar extradural structure examined by extraduroscope.

British Journal of Anaesthesia. 1998; 81: 121–5.
19. lgarashi T, Hirabayashi Y, Shimizu R et al. The epidural

structure changes during deep breathing. Canadian
Journal of Anesthesia. 1999; 46: 850–5.

20. lgarashi T, Hirabayashi Y, Shimizu R et al. The fiberscopic

findings of the epidural space in pregnant women.

Anesthesiology. 2000; 92: 1631–6.
21. Von Korff M, Deyo RA, Cherkin D, Berlow W. Back pain in

primary care: outcomes at 1 year. Spine. 1993; 18:
855–62.

22. Von Korff M, Saunders K. The course of back pain in

primary care. Spine. 1996; 21: 2833–9.
23. Frymoyer JW. Back pain and sciatica. New England Journal

of Medicine. 1988; 318: 291–300.
24. Olmarker K, Rydevik B, Nordborg C. Autologous nucleus

pulposus induces neurophysiologic and histologic changes

in porcine cauda equina nerve roots. Spine. 1993; 18:
1425–32.

25. Olmarker K, Myers RR. Pathogenesis of sciatic pain: role of

herniated nucleus pulposus, and deformation of spinal

nerve root and dorsal root ganglion. Pain. 1998; 78:
99–105.

26. Kayama S, Konno S, Olmarker K et al. Incision of the

annulus fibrosus induces nerve root morphologic, vascular

and functional changes. An experimental study. Spine.
1996; 21: 2539–43.

27. Otani K, Arai I, Mao PG et al. Experimental disc herniation.
Evaluation of the natural course. Spine. 1997; 22: 2894–9.

28. Cornefjord M, Olmarker K, Rydevik B, Nordborg C.

Mechanical and biochemical injury of spinal nerve roots. A

morphological and neurophysiological study. European
Spine Journal. 1996; 5: 187–92.

29. Olmarker K, Nordborg C, Larsson K, Rydevik B.

Ultrastructural changes in spinal nerve roots induced by

autologous nucleus pulposus. Spine. 1996; 21: 411–14.
30. Olmarker K, Blomquist J, Strömberg J et al. Inflammogenic
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KEY LEARNING POINTS

� Intradiscal thermal annuloplasty (thermal coagulation in

the annulus fibrosus) has been restricted to patients

who have low back pain, positive signs of disk

degeneration (by magnetic resonance imaging (MRI))

and fulfilled the criteria for a positive low pressure

provocative discography.
� The intradiscal electrothermal therapy (IDET) method

with SpinecathTM and the alternative modality

discTRODETM both apply the energy from radiofrequency

(RF) currency to heat the posterior annulus but by

different techniques.
� IDET and discTRODE are still experimental treatment

modalities.
� Artificial disk implants maintain more normal spinal

motion.
� The clinical outcomes (pain and function) of artificial

disk implantation are superior or equivalent to those of

anterior lumbar interbody fusion surgery.

INTRODUCTION

Intervertebral disk degeneration has been considered a
common cause of axial chronic low back pain (CLBP).1

The condition is characterized by degradation of the
nucleus pulposus, disruption of the circular lamella and
radial tears in the annulus fibrosus.2, 3 The theory is that
proinflammatory nucleus material may leak through tears
and stimulate annular nerve endings. Clinically, however,
it is difficult to verify that the pain actually comes from an
intervertebral disk. There is no accepted procedure that
can ascertain the diagnosis discogenic pain.

CLBP patients with evidence of disk degeneration have
been treated with fusion surgery, a risky procedure still
associated with high morbidity. During the last decade,
alternative and less invasive therapies have been intro-
duced for relieving disk-related back pain. Some of the
methods use RF energy, i.e. a high frequency, alternating
current to perform disk lesions. In 1988, Sluijter sug-
gested placing a straight RF electrode into the nucleus
pulposus, but the method was later found ineffective.4

This chapter will present and discuss RF-based intradiscal
thermal annuloplasty (IDTA) as an option to treat back
pain, possibly related to annular fissures. We will not



cover percutaneous discectomy (chemonuclolysis and
decompression techniques such as NucleoplastyTM,
CoblationTM) designed for herniated disks, but briefly
review recent developments in implantation of artificial
disks as a means of relieving discogenic pain.

RADIOFREQUENCY-BASED INTRADISCAL
THERMAL ANNULOPLASTY

Intradiscal electrothermal therapy

In the late 1990s, Saal and Saal invented IDET.5 Under x-
ray vision with a 17 G straight introducer cannula, a
navigable catheter (Spinecath; Smith and Nephew, And-
over, MA) is inserted into the nuclus from a posterolateral
approach and placed circumferentially within or along the
inner side of the posterior annulus (see Figure 37.1). An
electrically resistive heating element at the tip of the
catheter converts RF energy into heat energy.6 According
to the protocol from Saal and Saal,6 the catheter tem-
perature is gradually increased to 901C during a period of
13 minutes and is then maintained for four minutes to
create a temperature in the annulus between 60 and
651C.6 The total lesion time is then 17 minutes.6

DiscTRODE

DiscTRODE is a monopolar RF system, developed by
Radionics, now manufactured by Tyco Healthcare. From a
posterolateral approach with a straight 17 G introducer
cannula, the electrode is navigated between the lamellae
of the posterior annulus under x-ray and electrical
impedance control (see Figure 37.2). The small surface

area of the active electrode leads to a high current den-
sity,8 creating a thin cylindrically shaped heat lesion.9 The
electrically resistive tissue is heated in a step-wise manner
(increasing by 51C every two minutes) from 501C and
maintained for four minutes at 651C. The total lesion
time will therefore be ten minutes.

WHAT IS THE MECHANISM FOR PAIN RELIEF
AFTER INTRADISCAL THERMAL
ANNULOPLASTY?

The nature of discogenic pain is still not fully understood.
Thus, the mechanism of possible pain relief following
IDTA cannot be established. Several possibilities are
suggested of which four deserve attention. Placebo effect
and coagulation of nociceptors are the two most likely
possibilities.

1. The placebo response: The placebo effect can be
substantial, as it is in most invasive procedures.
Only carefully and well-designed studies provide
the answer.

2. Thermal coagulation of nociceptors located in
the annulus fibrosus: Intervertebral disks are
multisegmentally innervated by unmyelinated
nerve fibers, normally ending in the outer third of
the annulus. In degenerated disks the nerve fibers
(and blood vessels) grow into the deeper layers of
the annulus. Whether these ingrowths are
involved in a pain process or simply are part of a
repair response, has not been established, and we
do not know whether the IDET and discTRODE
system are able to coagulate sufficient nerve fibers
to denervate the posterior annulus.10 The radius

Heating
section

Flexible
catheter

Figure 37.1 The Spinecath catheter placed along the inner

side or within the inner lamellea of the annulus during

IntraDiscal ElectroThermal annuloplasty (IDET). Redrawn from

Pomerantz SR, Hirsch, JA. Intradiscal therapies for discogenic

pain. Seminars in Muskuloskeletal Radiology, 2006; 2: 125–36.

Figure 37.2 The discTRODE placed between the lamellae of

the posterior annulus, as suggested by Finch.7 The use of

radiofrequency heat lesions in the treatment of lumbar

discogenic pain. Redrawn from Pomerantz SR, Hirsch, JA.

Intradiscal therapies for discogenic pain. Seminars in
Muskuloskeletal Radiology. 2006; 2: 125–36.
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of the temperature zone where neurons are
permanently injured is less than 6mm with 901C
at the tip of the Spinocath catheter. Direct RF
current applied for the discTRODE injures nerve
tissue within a radius of 11mm.11

3. Denaturation of collagen fibers in the annulus
fibrosus:12 Whether collagen denaturation is
responsible for pain relief or not, is difficult to
prove. Instability as a pain generating mechanism
is controversial, and stability of a functional unit
of the spine has not been defined. Furthermore,
we do not know how instability is detected by the
nervous system or sensed as pain.

4. Altered sensorimotor control of the paraspinal
muscles:13 Motion of a functional unit of the
spine has a complex pattern where flexion,
rotation, and translation occur simultaneously.
Under experimental mechanical loading one has
measured highly different pressure levels across
the disk, which change uniquely under spinal
motion (Indahl A et al., unpublished results). The
intervertebral disk seems to play an important
role in the control of load transfer,13 but the role
of the intervertebral disk in the sensorimotor
control of the paraspinal muscles is not clearly
understood. Whether this sensory function is
altered by IDTA, or how these pressure and
motion patterns are affected by thermal
coagulation, is completely unknown.

DIAGNOSTIC CONSIDERATIONS

Low axial back pain, which increases when the patient is
sitting or standing, is considered typical, but not specific
for disk-related pain. MRI (T2-weighted) can demon-
strate disk degeneration characterized by reduced height
and water content and high intensity zones (HIZ),
and in a symptomatic population the HIZ closely corre-
late with the presence of annular tears.14 The diagnostic
problem is that these changes are nearly as prevalent in
asymptomatic adults, the prevalence varies from 14 to 56
percent.15, 16 Thus, MRI cannot predict whether disk
pathology is the origin of the pain.

Provocative discography

Pain provocation discography is considered a more reli-
able tool for diagnosing discogenic low back pain.16 The
distension and chemical irritation of the annulus, fol-
lowing an injection of contrast dye in disrupted disks,
may cause intensive pain, quite equivalent to the original
back pain.16, 17 Accordingly, several studies have demon-
strated a close correlation between positive provoca-
tive discography and pronounced disk pathology and
disruptions grade,16[III], 18[IV] particularly when the

fissures are located in the outer annulus.17 Clinical find-
ings and changes on MRI have been included in the Dallas
quantitative scaled classification discogram system.19

CRITERIA FOR PROVOCATION DISCOGRAPHY

To perform provocation discography, the following four
criteria should be fulfilled:20, 21

1. low axial back pain lasting for more than six
months;

2. increased pain intensity when the patient is sitting
or standing;

3. conservative treatment has failed;
4. evidence of disk degeneration on the MRI (T2-

weighted) with either HIZ, decreased water
content, or moderate height reduction o50
percent.

How provocative discography is performed

� A limited volume (o3.5mL) of contrast dye is under
manometrical pressure control injected into the
nucleus pulposus of the suspected disk and at least
one adjacent ‘‘normal’’ disk as a control.

� Pain intensity and concordance (equivalent to
original pain) are assessed with increasing pressure
up to 345 kPa (50 psi) above the opening pressure or
until the numerical pain score reaches seven of a
maximum ten.

� A postprocedural computed tomography (CT) scan is
performed to assess the extent of disk disruption.

ADDITIONAL CRITERIA FOR INTRADISCAL THERMAL
ANNULOPLASTY

To perform IDTA, three additional criteria should also be
fulfilled:

1. radiological evidence of annular tears (CT
discography);

2. intradiscal pressures o345 kPa (50 psi) above the
opening pressure should reproduce intensive
‘‘concordant’’ back pain (Z7 on a ten-point scale);

3. injections into adjacent, apparently normal disks,
should not elicit ‘‘concordant’’ pain.

RELATIVE AND ABSOLUTE CONTRAINDICATIONS FOR IDTA

Relative and absolute contraindications for IDTA
include:22

� no painful disks or more than two painful disk levels
on provocation discography;

� nerve root impingement with radicular pain, spinal
stenosis with neurogenic claudication;

� more than 50 percent disk height reduction;
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� spondylolisthesis or spinal instability;
� scoliosis;
� tumor, infection, or fracture.

Discography and controversies

Despite authoritative recommendations, the clinical value
of discography is still under debate.

� Annular distension and stress following the injection
of contrast dye during pain provocation discography
is fundamentally different from the weight load
under normal conditions.

� The disks are multisegmentally innervated which may
preclude the assessment and evaluation.

� Disk injections may also elicit painful reactions in
asymptomatic subjects.23

Some have argued that low pressure injections with a slow
intradiscal injection rate o0.5mL/s and intradiscal
pressures within 103–138 kPa (15 or 20 psi) over opening
pressure decrease the false-positive rate.16, 24 In a recent
study where low pressure discography was applied, how-
ever, Carragee et al.25 found positive rates as high as 25
and 36 percent among patients with chronic pain, but no
low back pain.25 They consequently question the validity
of the procedure.

Provocative discography as a diagnostic procedure
should be interpreted cautiously, although it is probably
the best diagnostic tool we have to distinguish asympto-
matic from symptomatic disks. The study by Carragee
et al.25 points out some essential pitfalls and emphasizes
how important it is to consider confounding factors
before establishing a diagnosis and performing a
treatment.

EFFECTIVENESS AND EFFICACY

Intradiscal electrothermal therapy

The early efficacy data on IDET (Spinecath), based on
noncontrolled and case-controlled studies, were promis-
ing, showing substantial (60–80 percent) and long-lasting
pain relief.6, 26, 27 In a systematic review, including 11
prospective cohort studies and 256 patients,28[II] the
mean pain relief was 3.4 points on a 11 graded scale, and
the change in Oswestry Disability Index (ODI) was 5.2
points (the index values varies from 0 to 100). In five
retrospective studies,28[III] including 379 patients, 13–23
percent of the patients dropped out of the study as they
preferred back surgery instead.

The results from the first randomized controlled trial
(RCT) were less impressive.20 In the study by Pauza
et al.20 they found significantly larger pain reduction and
improved ODI in the IDET group after six months.

However, there was no difference between the groups in
overall pain (visual analog scale (VAS)) and SF 36 scores.
One more recent investigation with a less rigorous patient
selection found no difference between IDET and pla-
cebo.29 The effect of IDET has consequently been ques-
tioned. The poor results may reflect that we are not able
to select those patients who would respond to IDTA.

DiscTRODE

The efficacy data on discTRODE are more limited. A
small noncontrolled study, including only 20 persons, was
positive30 and a case-controlled study reported significant
pain reduction in the active group even after 12 months,
compared with no change in the control group.31 Another
study, comparing the efficacy of discTRODE versus IDET
(42 patients) showed lower pain (VAS) and Pain Dis-
ability Index scores in the IDET group compared with the
RF group 3 and 12 months after treatment.32 So far, no
randomized controlled studies have been published.
Preliminary results from a randomized, double-blinded
study run by the authors do not show any difference
between active and placebo treatment (Kvarstein G et al.,
personal communication). Therefore, the study has been
stopped due to ethical reasons.

EMERGING INTRADISCAL MODALITIES

Accutherm

Smith and Nephew have designed a new electrothermal
device; AccuthermTM in order to improve the IDET sys-
tem. The catheter has a shorter heating coil with an
integrated thermocouple. The system creates more focal
lesions, and the electrode may probably be placed closer
to the target and heated to higher temperatures.33 No
clinical data are so far available.

BiacuplastyTM

A growing amount of data indicates that the small lesions
generated by the IDET and discTRODE system do
not adequately denervate the posterior part of the
annulus fibrosus.10, 11 To overcome this limitation a
bipolar system, Transdiscal Annuloplasty or BiacuplastyTM

(Baylis Medical Company, Montreal, Canada), has
been introduced. With two electrodes, one in each pos-
terior corner, the system can create large strip lesions
covering most of the posterior part of the annulus. With
an internal water cooling system the electrode tempera-
ture is kept at 55� 51C,34 in order to prevent injury of
nerve tissue in the vertebral canal (Pauza, unpublished
data). However, clinical efficacy data have not been
published.
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CONSIDERATIONS AND RECOMMENDATIONS

Percutaneous intradiscal annuloplasty with the Spinecath
(IDET) is performed in an outpatient clinic with light
sedation. The costs are calculated to be approximately
US$8000, which is only 20 percent of what a lumbar
fusion operation (US$45,000) costs,28 the expenditures of
complications and sick leave are then not included. Tak-
ing into account the relatively low risk and costs com-
pared to surgery and possible positive effects in some
selected patients, the IDET treatment has become widely
used. According to the Smith and Nephew Company,
60,000 IDET procedures had been performed worldwide
by June 2005.28

Although the procedure represents less tissue damage,
shorter recovery time, and lower infection risk, various
rare complications have been reported such as catheter
breakages, nerve root injuries, post-IDET disk hernia-
tion,35 cauda equina syndrome,36, 37, 38 vertebral body
osteonecrosis,39 discitis, radicular pain, cerebrospinal
fluid leaks, and severe headache.40 More importantly, the
scientific evidence does not support the efficacy or
effectiveness of percutaneous intradiscal thermocoagula-
tion for discogenic low back pain.41 We therefore cannot
recommend IDTA with Spinecath (IDET) or discTRODE
as treatment for discogenic pain. They are still experi-
mental treatment modalities and patients offered this
treatment should be included in RCTs or at least in
carefully designed follow-up studies.42

ARTIFICIAL DISK IMPLANTS

Lumbar fusion surgery is being challenged by new
implantable artificial disks. The disks are designed to
restore and maintain normal motion and may possibly
prevent degeneration of adjacent levels, which is a serious
complication to the fusion surgery techniques. Some
argue that it can be a solution to previously fused patients
with adjacent segment degeneration. Four commercially
available implants will be presented.

The Charités artificial disk is the most widely used,
with 7000 implants worldwide in 2004.43 The device has a
bi-convex metal on plastic design, and acts as a mobile
core fixed with ventral and dorsal teeth.

In the ProDiscs,43 which also has a metal on plastic
design, the end plates are secured to the vertebral end
plates by means of a central keel, spikes, and a porous
coated surface. The first reports were encouraging with
satisfaction rates as high as 92.7 percent. There does not
seem to be any difference in outcome between one- and
two-level implantations.

The MAVERICKTM artificial disk has a metal on metal
design.43 The device is based on a ball and socket joint
and provides a fixed posterior center of rotation which
resists anterior and posterior shear forces. The end plates
are covered with hydroxyapatite. Different disk footprints

and posterior disk heights open for adequate end plate
coverage and appropriate lordoses. Wear particles, gen-
erated in testing, have been evaluated and do not seem to
be toxic with regard to macrophage production.

The FlexiCoreTM intervertebral disk43 is also a metal
on metal prosthesis with a ball and socket joint. This
prevents dislocation of the superior end plate from the
inferior end plate, and offers a rotational stop to prevent
the facets from being overstressed.

Artificial disk implantation is still in its investigatory
phase. Charité is the oldest device and has been implanted
for several years. In retrospective long-term follow-up
studies (four to five years) the success rates are high
(70–80 percent).44, 45 In a large randomized study
(n= 304), they found the overall clinical success rate
(defined as Z25 percent improvement in Oswestry Dis-
ability Index score at 24 months, no device failure, no
major complication, and no neurological deterioration)
to be significantly higher in the Charité-treated group as
compared with anterior lumbar interbody fusion group.46

However, when the criteria mentioned above were ana-
lyzed separately, only the ODI scores were significantly
higher. The Charité group recovered faster and reported
lower pain scores in the first year, but the difference was
not statistically significant after two years.46 Neurological
complications were not more common in the Charité
group.47 The study by Blumenthal has been criticized for
comparing disk replacement to a kind of surgery that has
been abandoned because it fails.48 In a small RCT com-
paring ProDisc II to anterior fusion surgery, a greater
improvement in ODI scores and motion was found, but
no significant difference in pain scores.49
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41. Urrútia G, Kovacs F, Nishishinya MB, Olabe J. Percutaneous

thermocoagulation intradiscal techniques for discogenic

low back pain. Spine. 2007; 32: 1146–54.
42. Maurer P, Block JE, Squillante DPA-C. Intradiscal

electrothermal therapy (IDET) provides effective symptom

relief in patients with discogenic low back pain. Journal of
Spinal Disorders and Techniques. 2008; 21: 55–62.

� 43. Errico TJ. Why a mechanical disc? Spine Journal. 2004; 4:
151S–7.

44. Cinotti G, David T, Postacchini F. Results of disc prosthesis

after a minimum follow-up period of 2 years. Spine. 1996;
21: 995–1000.

45. Lemaire JP, Skalli W, Lavaste F et al. Intervertebral disc
prosthesis. Results and prospects for the year 2000.

Clinical Orthopaedics and Related Research. 1997; 1:
64–76.

� 46. Blumenthal S, McAfee PC, Guyer RD et al. A prospective,

randomized, multicenter Food and Drug Administration

investigational device exemptions study of lumbar total

disc replacement with the CHARITE artificial disc versus

lumbar fusion: part I: evaluation of clinical outcomes.

Spine. 2005; 30: 1565–75.
47. Geisler FH, Blumenthal SL, Guyer RD et al. Neurological

complications of lumbar artificial disc replacement and

comparison of clinical results with those related to

lumbar arthrodesis in the literature: results of a

multicenter, prospective, randomized investigational

device exemption study of Charite intervertebral

disc. Invited submission from the Joint Section Meeting on

Disorders of the Spine and Peripheral Nerves, March

2004. Journal of Neurosurgery. Spine. 2004; 1:
143–54.

48. Mirza SK. Point of view: Commentary on the research

reports that led to Food and Drug Administration approval

of an artificial disc. Spine. 2005; 30: 1561–4.
49. Zigler JE. Clinical results with ProDisc: European

experience and US investigation device exemption study.

Spine. 2003; 28: S163–6.

444 ] PART II THERAPEUTIC PROTOCOLS



SECTION E

Pediatric techniques

38 Pain assessment in children
Nancy F Bandstra and Christine T Chambers

447

39 Procedures for pediatric pain management
Richard F Howard

462

40 Mind/body skills for children in pain
Timothy Culbert, Stefan Friedrichsdorf, and Leora Kuttner

478



This page intentionally left blank 



38
Pain assessment in children

NANCY F BANDSTRA AND CHRISTINE T CHAMBERS

Introduction 447

Assessment of acute pain 447

Assessment of chronic pain 455

Assessment of pain in children with developmental

disabilities 456

Assessment of pain in neonates and infants 456

The role of the parent in pain assessment 458

Cultural and ethnic considerations 458

Conclusions 458

Acknowledgments 458

References 458

KEY LEARNING POINTS

� The assessment of pain in children can be a challenge.
� The best evidence exists for self-report and behavioral

measures.
� Measures that are age-appropriate should be selected.

� Specialized measures are available for use with

neonates and children with developmental disabilities,

as well as for children experiencing chronic pain.
� Involving parents, and paying attention to cultural and

ethnic factors, can improve pain assessment.

INTRODUCTION

Pain is a common experience for children and can present
in the form of everyday bumps and bruises or can occur as
a result of medical procedures, such as immunizations, and
recurrent pains, such as headaches and stomachaches.
Given the subjective nature of the pain experience and the
communicative limitations often present when working
with children, accurate pain assessment is one of the most
difficult yet imperative challenges facing health profes-
sionals and researchers who work with children. Histori-
cally, children have been administered significantly less
pain medication than is prescribed.1 Difficulties assessing
pain have frequently been cited as barriers to optimal pain
management in children.2 Unfortunately, despite the dra-
matic growth in knowledge about pain in children over the
last 30 years, pediatric pain assessment and management
continues to be substandard in many settings.3

The purpose of this chapter is to provide a review of
commonly used measures for assessing pain in children
and to summarize the research evidence in support of
these various measures. The focus of this chapter will be
primarily on acute pain; however, we will also provide a
brief review of measures appropriate for use with pedia-
tric patients experiencing chronic pain. We also highlight
a number of special issues to consider when assessing
pediatric pain, such as pain assessment among children
with developmental disabilities, pain assessment in
infants and neonates, the role of parents, and ethnic and
cultural considerations.

ASSESSMENT OF ACUTE PAIN

Measurement of acute pain (rather than chronic pain) in
children has received the most attention in the pediatric



research literature by far. It is generally accepted that there
are three primary approaches to assess acute pain in
children:

1. self-report measures (i.e. what a child says or
verbally indicates about their pain);

2. behavioral measures (i.e. the child’s observed
behavior in response to pain);

3. physiological measures (i.e. how the child’s body
reacts to pain).

A variety of measures designed to assess each of these
three areas currently exists.4 However, given that pain is a
highly individualized and subjective event, a child’s self-
report (when available) is thought to be the most direct
means of assessing pain experience and it has been sug-
gested that it should be considered the gold standard for
pain assessment.5 For this reason, we begin our discussion
with self-report measures and then progress to summar-
izing the literature on behavioral and physiological mea-
sures of pain.

Self-report measures

Self-report measures provide an opportunity for children
to communicate (i.e. beyond simple verbalizations) their
own pain to parents and/or health professionals. These
measures typically require children to rate their pain
intensity by using photographs/schematized faces, words,
and/or numbers.6 In most cases, self-reports are the most
practical, quick, and cost-effective method of obtaining a
pain assessment. Unfortunately, not all children are able
to provide reliable and valid self-reports of pain, although
there is no clear consensus regarding the age at which
children can provide a self-report of pain. It is generally
accepted that by the age of seven years, most children can
provide an appropriate self-report using a pain measure,7,
8, 9, 10 and mixed evidence exists that some children as
young as three years of age may also be capable of doing
so.6

Some of the advantages and disadvantages associated
with use of self-report measures of pain are shown in
Table 38.1.

A recent systematic review assessed the psychometric
properties of the various self-report pain intensity

measures available for use in children and adolescents.
For a detailed discussion of the psychometric properties
of each recommended self-report scale, see Ref. 11. Of the
34 self-report pain measures identified for consideration
in this review, six measures were determined to have well-
established evidence of reliability and validity. The mea-
sures recommended were the following:

� Faces Pain Scale (FPS);12

� Faces Pain Scale-Revised (FPS-R);13

� Wong-Baker FACES Pain Rating Scale;14

� Oucher;15

� Visual analog scale (VAS);
� Pieces of Hurt Tool (also known as the Poker Chip

Tool).16

Each of these measures is summarized below. Of the six
measures described in the review by Stinson and collea-
gues,11 no single measure demonstrated sufficient relia-
bility and validity for children across the age/
developmental span. In addition, each measure displayed
varying levels of preference by children as well as varying
rates of failure, suggesting some children’s inability to
accurately use these measures. For these reasons, at the
conclusion of each measure description below, an age-
based recommendation for its use is provided.11

FACES SCALES

Faces scales give children the opportunity to rate their
pain using a series of ranked faces. Some of these self-
report measures provide schematized pictures of faces
(e.g. FPS, FPS-R, Wong-Baker FACES Pain Rating Scale)
and others provide real photographs of children (e.g. the
Oucher). Both types have shown sufficient reliability and
validity, but have varying degrees of interpretability
and feasibility for clinicians, as well as acceptability by
children.11

The FPS and FPS-R illustrate gender-neutral faces
representing expressions ranging from ‘‘no pain’’ to ‘‘most
pain possible.’’ The child is asked to point to the face that
corresponds to the level of pain he/she is experiencing.
The original FPS depicts seven faces.12 A revised version
of this scale, the FPS-R,13 uses six faces and is generally
scored from 0 to 10 (see Figure 38.1) to facilitate

Table 38.1 The advantages and disadvantages associated with use of self-report measures of pain.

Advantages Disadvantages

Most children above the age of seven can reliably report their

own pain

Not appropriate for use in nonverbal/preverbal children

Self-report is typically the most valid and reliable measure of a

child’s pain

May be inappropriate for neurologically impaired children

Measures generally require little training to learn or time to

conduct

Some children may be too distressed to accurately self-report

May elicit exaggerated (or minimized) reports depending on a

variety of factors (e.g. social, situational influences)
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comparison with other self-report and observational
scales using the same 0–10 scoring metric. Ratings of
three out of seven or more on the FPS signifies clinically
meaningful pain17 and both scales have shown evidence of
responsivity following pharmacological intervention.18, 19

In fact, a change of one face over time is generally con-
sidered a clinically significant change.20 Both the FPS and
FPS-R are appropriate for the assessment of procedural,
postoperative, and disease-related pain in children.11 In
addition, administration instructions for the FPS-R have
been translated into over 32 languages and are available
from www.painsourcebook.ca.

The Wong-Baker FACES Pain Rating Scale is composed
of six hand-drawn faces.14 The faces range from smiling
(representing ‘‘no hurt’’) to crying (representing ‘‘hurts
worst’’). The scale itself is scored from 0 to 5 (see Figure
38.2). The measure has established adequate responsivity
to procedural21, 22, 23, 24, 25 and postoperative pain.26

Although often preferred by children relative to other
assessment measures14, 22, 27, 28 the Wong-Baker FACES
Pain Rating Scale’s use of smiling/crying anchors has been
identified as problematic. Scales that begin with neutral
faces (such as the FPS-R) are considered a more valid
measure of pain intensity because scales with tears or

smiles are generally more tied to an emotional compo-
nent29 and may be more likely to confound more general
negative emotions and distress with pain intensity.30

While the FPS, FPS-R, and the Wong-Baker FACES Pain
Rating Scale all rely on schematized faces, the Oucher15

uses real photographs of children to measure pain inten-
sity. The Oucher provides a measurement using not only a
scale of six faces (scored from 0 to 5), but also a corre-
sponding 0–100-mm vertical rating scale (scored from 0 to
100; see Figure 38.3). The Oucher can detect changes from
pre- to postoperation and following pharmacological
interventions.31, 32, 33, 34 Because the Oucher consists of
both a numerical rating scale and a photograph scale, it
may only be appropriate for older children who can
comprehend these types of serial tasks.35 As is discussed
below under the section entitled Cultural and ethnic
considerations, the Oucher has also been validated using
photographs of African-American and Hispanic children.36

Stinson and colleagues11 recommend using the FPS-R
as the measure of choice for school-aged (i.e. 4- to
12-year-old) children. The FPS-R should be used with
caution in the lower end of this age range as children
below the age of seven years may have difficulties using
such measures reliably.11

Numbers are not shown to child

0 2 4 6 8 10

Figure 38.1 Faces Pain Scale-Revised. Instructions to the child are: ‘‘These faces show how much something can hurt. This face (point

to left-most face) shows no pain (or hurt). The faces show more and more pain (point to each from left to right) up to this one (point

to right-most face) – it shows very much pain. Point to the face that shows how much you hurt (right now).’’ Do not use words like

‘‘happy’’ or ‘‘sad.’’ This scale is intended to measure how children feel inside, not how their face looks. Numbers are not shown to

children; they are shown here only for reference. The instructions for administration are currently available in over 32 languages from

www.painsourcebook.ca. Reproduced 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 G 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. Used with permission from the International Association for the Study

of Pain [IASP]s.

0
NO HURT

1
HURTS

LITTLE BIT

2
HURTS

LITTLE MORE

3
HURTS

EVEN MORE

4
HURTS

WHOLE LOT

5
HURTS
WORST

Figure 38.2 Wong-Baker FACES Scale. Point to each face using the words to describe the pain intensity. Ask the child to choose face

that best describes their own pain and record the appropriate number. Reprinted from Hockenberry MJ, Wilson D, Winkelstein ML.

Wong’s Essentials of Pediatric Nursing, 7th edn. St. Louis: Mosby, 2005, p. 1259. Used with permission. Copyright, Mosby.
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VISUAL ANALOG SCALES

The VAS is generally a 10-cm vertical or horizontal line
with ends representing the extreme levels of pain intensity
(e.g. ‘‘no pain’’ and ‘‘worst pain,’’ see Figure 38.4). Children
are asked to make a mark or point to their own level of
pain. Scores typically range from 0 to 100mm (depending
on the scale’s length) and changes of 10 to 13mm are
usually considered clinically meaningful.37, 38 Varying ver-
sions of the VAS have been used to assess procedural,
postoperative, and disease-related pain. Furthermore, the
VAS has shown responsivity to change following surgery,39

as well as pharmacological interventions.31, 39, 40 However,
mixed results have indicated that the strength of these
findings may be contingent upon a child’s age, level of
comprehension, and type of pain.32, 41, 42 The VAS should
be used cautiously with children between the ages of 8 and
12 years, but is recommended for use with children >12
years. Using the FPS-R as a secondary assessment tool in
these younger children may be helpful.

PIECES OF HURT TOOL (ALSO KNOWN AS THE POKER CHIP
TOOL)

Although faces scales and VASs are appropriate for use in
older children, the ability of children under the age of
seven years to use these measures varies. A self-report
measure often used with younger children is the Pieces of
Hurt Tool.16 This simple measure consists of four poker
chips described as representing different amounts of hurt
(e.g. from ‘‘a little hurt’’ to ‘‘the most hurt you could ever
have’’; instructions are available at: www.painresearch.
utah.edu/cancerpain/attachb7.html). The child is asked to
choose ‘‘how many pieces of hurt’’ he/she is currently
experiencing and the tool is scored from 0 to 4. The Pieces
of Hurt Tool has shown evidence of responsivity from
pre- to postsurgery32 and pre- to postanalgesia.33 The
Pieces of Hurt Tool is recommended as the measure to use
with preschool-aged children in acute and postoperative
pain settings. However, it is advised that this tool be
used in conjunction with behavioral measures11 since
self-report ratings in young children may be affected
by external, non-pain-related variables (e.g. cognitive,
emotional, situational factors).43

Behavioral measures

Behavioral measures are designed to assess pain and
distress by observing a child’s response to pain (e.g.
vocalizations, facial expressions, behavior). Although self-
report measures are often considered the gold standard in
pediatric pain assessment, health professionals working
with neonates, toddlers, and noncommunicative children
are unable to utilize this type of assessment tool. When
children are unable to voice their own levels of dis-
comfort, health professionals must look to behavioral

Figure 38.3 The Oucher self-report pain scale. Reprinted from

Beyer JE, Denyes MJ, Villaruel AM. The creation, validation, and

continuing development of the Oucher: a measure of pain

intensity in children. Journal of Pediatric Nursing. 1992; 7:
335–46. Used with permission from Judith E. Beyer.
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measures as their primary source of pain measurement.44

Unlike self-report measures, which tend to be applicable
across acute pain settings, observational pain scales are
often designed for and validated in distinct pain settings.

The advantages and disadvantages of behavioral pain
measures are shown in Table 38.2.

A recent systematic review assessed the psychometric
properties of the various observational/behavioral pain
intensity measures available for use in children and
adolescents.44 Of the 20 behavioral pain measures in-
cluded in the evaluation, six measures were determined to
have well-established evidence of reliability and validity.44

These measures include two scales recommended for
procedural and postoperative pain assessment in hospital,
an additional scale recommended for postoperative pain
assessment at home, one measure specifically for critical
care, and finally, two scales specifically designed to assess
the important corresponding constructs of pain-related
distress and fear:

� Face, Legs, Arms, Cry, Consolability (FLACC);45

� Children’s Hospital of Eastern Ontario Pain Scale
(CHEOPS);46

� Parents’ Postoperative Pain Measure (PPPM);47

� COMFORT Scale;48

� Procedure Behavior Check List (PBCL);49

� Procedure Behavioral Rating Scale-Revised
(PBRS-R).50

Each of these measures is discussed below in detail. It
should be noted that, in addition to these broad-band
behavioral measures, measures of facial expression alone
(e.g. Neonatal Facial Coding System,51 Child Facial
Coding System52) have been used frequently in research
but may have limited feasibility for use in clinical practice.

PROCEDURAL PAIN

Two well-established behavioral measures (FLACC and
CHEOPS) are recommended for pain associated with
medical procedures.44 The FLACC is designed to assess
the behavioral reaction to pain in children one year of age
and above.45 As the name implies, raters assess each of the
five categories (face, legs, arms, cry and the child’s con-
solability). Each category is scored from 0 to 2 repre-
senting a gradual increase of distressed behavior (see
Table 38.3). Advantages of the FLACC include quick
administration and easy interpretation.44

Similarly, the CHEOPS has raters report on six dif-
ferent categories (crying, facial expression, verbal
expression, torso position, touch, and leg position)46 and
has been used to measure pain in children across the age
range.44 Unlike the FLACC, the behavioral categories on
the CHEOPS are scored from 0 to 3 to allow for differ-
ential rating of each included behavior (see Table 38.4).
Total scores from four to six points represent no pain.
Like the FLACC, the CHEOPS has substantial evidence of
reliability and validity. Unlike the FLACC, the CHEOPS
requires more time to complete and has a less-recognized
metric with scores ranging from 0 to 13 (versus 10 in
the FLACC). However, a distinct advantage of the
CHEOPS is that it does not require raters to try to
comfort the distressed child after the procedure (as is
done to assess the ‘‘consolability’’ category in the
FLACC). Used to assess procedural pain, both the FLACC
and the CHEOPS are also appropriate pain assessment
tools postoperatively.

POSTOPERATIVE PAIN

Although used with procedural pain quite often, the
FLACC was originally validated as a postoperative pain

No pain

Worst pain

Figure 38.4 Visual analog scale.

Table 38.2 The advantages and disadvantages of behavioral pain

measures.

Advantages Disadvantages

Able to assess pain in preverbal/

nonverbal children

May be time-consuming to

conduct and score

Yield detailed information on a

number of behavioral domains

May require training to

administer

Unobtrusive No behavior does not equal

no pain
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Table 38.3 FLACC scale.

Item Score

0 1 2

Face No particular expression or smile Occasional grimace or frown,

withdrawn, disinterested

Frequent to constant quivering

chin, clenched jaw

Legs Normal position or relaxed Uneasy, restless, tense Kicking or legs drawn up

Activity Lying quietly, normal position,

moves easily

Squirming, shifting back and forth,

tense

Arched, rigid or jerking

Cry No cry (awake or asleep) Moans or whimpers; occasional

complaint

Crying steadily, screams or sobs,

frequent complaints

Consolability Content, relaxed Reassured by occasional touching,

hugging or being talked to,

distractible

Difficult to console or comfort

Reproduced with permission from Merkel SI, Voepel-Lewis T, Shayevitz JR, Malviya S. The FLACC: a behavioral scale for scoring postoperative pain in young
children. Pediatric Nursing. 1997; 23: 293–7. & 2002, The Regents of the University of Michigan.

Table 38.4 Children’s Hospital of Eastern Ontario Pain Scale (CHEOPS) items.

Item Behavior Score Definition

Cry No cry 1 Child is not crying

Moaning 2 Child is moaning or quietly vocalizing, silent cry

Crying 2 Child is crying but the cry is gentle or whimpering

Scream 3 Child is in a full-lunged cry; sobbing; may be scored with complaint or without

complaint

Facial Composed 1 Neutral facial expression

Grimace 2 Score only if definite negative facial expression

Smiling 0 Score only if definite positive facial expression

Child verbal None 1 Child is not talking

Other complaints 1 Child complains but not about pain, e.g. ‘‘I want to see my mommy,’’ or ‘‘I am

thirsty’’

Pain complaints 2 Child complains about pain

Both complaints 2 Child complains about pain and about other things, e.g. ‘‘It hurts; I want mommy’’

Positive 0 Child makes any positive statement or talks about other things without complaint

Torso Neutral 1 Body (not limbs) is at rest; torso is inactive

Shifting 2 Body is in motion in a shifting or serpentine fashion

Tense 2 Body is arched or rigid

Shivering 2 Body is shuddering or shaking involuntarily

Upright 2 Child is in vertical or upright positions

Restrained 2 Body is restrained

Touch Not touching 1 Child is not touching or grabbing at wound

Reach 2 Child is reaching for but not touching wound

Touch 2 Child is gently touching wound or wound area

Grab 2 Child is grabbing vigorously at wound

Restrained 2 Child’s arms are restrained

Legs Neutral 1 Legs may be in any position but are relaxed; includes gentle swimming or

serpentine-like movements

Squirming/kicking 2 Definitive uneasy or restless movements in the legs and/or striking out with foot

or feet

Drawn up/tensed 2 Legs tensed and/or pulled up tightly to body and kept there

Standing 2 Standing, crouching, or kneeling

Restrained 2 Child’s legs are being held down

Reproduced from McGrath PJ, Johnson G, Goodman JT et al. CHEOPS: A behavioral scale for rating postoperative pain in children. In: Fields HL, Dubner R,
Cervero F (eds). Advances in pain research and therapy. New York: Raven Press, 1985: 395–402.
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measure.45 The extensive reliability and validity data
supporting the FLACC makes it the first choice for
postoperative assessment while in hospital.44 Generally,
postoperative pain tends to last over a longer period of
time than the pain associated with medical procedures,
making the category of ‘‘consolability’’ a more meaningful
measure of pain assessment.

Following surgery, children are sent home and parents
are given the duty of supplying the care needed during
postsurgical recovery. Chambers and colleagues47 devel-
oped an assessment measure called the Parents’ Post-
operative Pain Measure to assist parents in assessing the
pain of their children once discharged from hospital care.
The PPPM is comprised of 15 items, each describing a
behavior typically exhibited by a child postsurgery (see
Table 38.5). Parents are asked to rate their child’s current
behavior as compared to his/her normal behavior. Use of
the PPPM is relatively quick and easy, resulting in a low
level of burden for parents. Originally validated with
children between the ages of 2 and 12 years,47 the PPPM
has been used to measure pain in children as young as one
year of age.44

Postoperative pain measures (with the exception of the
PPPM) have primarily been validated in the period
shortly after surgery. These types of scales become unre-
liable for assessing the long-term pain that often follows
surgery since many of the behaviors described may
habituate over time.53 For this reason, care should be
taken when using these types of measures to assess pain
over a long period of time.

CRITICAL/INTENSIVE CARE

Only one assessment tool has been validated for use in
situations of critical care or when children are on venti-
lator support. Designed for children across the age spec-
trum (from newborns to 17 years), the COMFORT
Scale48 takes into account the restricted physical motion
and limited behavioral reaction of children in critical care.
The scale assesses alertness, calmness/agitation, respira-
tion, physical movement, blood pressure change, heart
rate change, muscle tone, and facial tension (each cate-
gory scored 1 to 5; see Table 38.6).

ASSESSMENT OF PAIN-RELATED FEAR AND DISTRESS

When children are approached with a painful procedure,
they rarely experience just pain. Often the corresponding
emotions of fear and anxiety are present. This is especially
true for children who have undergone multiple proce-
dures due to chronic illness (e.g. cancer) or severe injury
(e.g. burn). Acute pain over a long period of time may
lead to the development of significant levels of anxiety
and fear. In fact, research with survivors of childhood
cancer has indicated a high likelihood of posttraumatic
stress symptoms,54 as well as the possible development of
posttraumatic stress disorder (PTSD).55

Two scales designed to measure distress and pain-
related fear are the Procedure Behavior Check List49 and
the Procedure Behavioral Rating Scale-Revised.50 These
measures include a series of behavioral items that relate to
fear and distress rather than pain. They are often included
in studies of painful procedures and can provide helpful
information regarding a child’s distress level in addition
to the information available about pain via other mea-
sures. Both the PBCL and the PBRS-R were originally
designed or have been subsequently used to assess distress
and pain-related fear in children across the age range.44

Physiological measures

Physiological measures provide a quantification of how a
child’s body reacts to pain. Although it would be desirable
to have a direct way of measuring the body’s response to
pain, in the same way that a thermometer provides a
direct measure of body temperature, given the subjective
and complex nature of the pain experience, it should not
be surprising that, to date, no such measure has been
identified. The most commonly used physiological mea-
sures are heart rate, vagal tone, respiratory rate, blood
pressure, oxygen saturation, transcutaneous oxygen, pal-
mar sweating, intracranial pressure, and stress response
and all have shown at least some validity as pain measures
in some instances.56 The advantages and disadvantages of
physiological measures of pain are shown in Table 38.7.

There is insufficient evidence to recommend physio-
logical measures as a primary approach for pain

Table 38.5 Parent’s Postoperative Pain Measure items.

Items

Whine or complain more than usual?

Cry more easily than usual?

Play less than usual?

Not do the things s/he normally does?

Act more worried than usual?

Act more quiet than usual?

Have less energy than usual?

Refuse to eat?

Eat less than usual?

Hold the sore part of his/her body?

Try not to bump the sore part of his/her body?

Groan or moan more than usual?

Look more flushed than usual?

Want to be close to you more than usual?

Take medication when s/he normally refuses?

Items are scored ‘‘Yes’’ or ‘‘No.’’ Items scored as ‘‘Yes’’ are summed for a
total score out of 15. A score of at least 6 out of 15 signifies clinically
significant pain.
Reprinted by permission from Chambers CT, Reid GJ, McGrath PJ, Finley
GA. Development and preliminary validation of a postoperative pain
measure for parents. Pain. 1996; 68: 307–13.
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Table 38.6 COMFORT Scale items.

Indicator Score Behavior Definition

Alertness 1 Deeply asleep The state of least responsiveness to the environment. The patient’s

eyes are closed, breathing is deep and regular, and the patient

shows minimal responses to changes in the environment

2 Lightly asleep The patient has their eyes closed throughout most of the observation

period, but still responds somewhat to the environment as

evidenced by slight movements, facial movements, unsuccessful

attempts at eye openings, etc.

3 Drowsy The patient closes their eyes frequently or makes labored attempts to

open eyes and is less responsive to the environment

4 Alert and awake The patient is responsive and interactive with the environment, but

without an exaggerated response to the environment. The

patient’s eyes remain open most of the time or open readily in

response to ambient stimuli

5 Hyper-alert The patient is hyper-vigilant, may be wide-eyed, attends rapidly to

subtle changes in the environmental stimuli and has exaggerated

responses to environmental stimuli

Calmness/

agitation

1 Calm The patient appears serene and tranquil. There is no evidence of

apprehension or emotional distress

2 Slightly anxious The patient is not completely calm. The patient shows slight

apprehension and emotional distress

3 Anxious The patient appears somewhat apprehensive and emotionally

distressed but remains in control

4 Very anxious The patient appears very apprehensive. Emotional distress is apparent

but the patient remains somewhat in control

5 Panicky The patient’s total demeanor conveys immediate and severe

emotional distress with loss of behavioral control

Respiratory

response

1 No coughing or no

spontaneous respiration

Only ventilator generated breaths are apparent. No respiratory

movement is apparent between ventilator breaths. No oral

movement or chest wall movement occurs, except as created by

the ventilator

2 Spontaneous respiration The patient breathes at a regular, normal respiratory rate in

synchrony with the ventilator. No oral movement or chest wall

movement occurs which is contrary to the ventilator movement

3 Occasional cough/resists

ventilator

The patient has occasional oral or chest wall movement contrary to

the ventilator pattern. The patient may occasionally breathe out

of synchrony with the ventilator

4 Actively breathes against

ventilator

The patient has frequent oral or chest wall movement contrary to the

ventilator pattern, coughs regularly, or frequently breathes out of

synchrony with the ventilator

5 Fights ventilator – coughs/

chokes/gags

The patient actively makes oral or chest wall movement contrary to

the ventilator pattern, coughs and/or gags in a manner which may

interfere with ventilation

Physical

movement

1 None The patient shows complete absence of independent movement

2 Occasional, slight movements The patient shows three or fewer small amplitude movements of the

fingers or feet, or very small head movement

3 Frequent, slight movement The patient shows more than three small amplitude movements of

the fingers or feet, or very small head movements

4 Vigorous movements of

extremities only

The patient shows movements of greater amplitude, speed or vigor of

hands, arms or legs. The head may move slightly. Movement is

vigorous enough to potentially disrupt cannulas

5 Vigorous movements of

extremities, torso and head

The patient shows movements of greater amplitude, speed or vigor of

the head and torso, such as head thrashing, back arching, or neck

arching. Extremities may also move. Movement is vigorous

enough to potentially disrupt placement of an endotracheal tube

(Continued over )
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assessment in children at this time, although they may be
helpful to include as part of a broader pain assessment
battery for some populations and context (e.g. neonates
in the intensive care unit).

ASSESSMENT OF CHRONIC PAIN

In contrast to the considerable research conducted in the
area of acute pain assessment in children, significantly

Table 38.6 COMFORT Scale items (continued).

Indicator Score Behavior Definition

Blood pressure 1 Blood pressure below baseline

2 Blood pressure consistently at baseline

3 Infrequent elevations of 15% or more (1–3 during observation

period)

4 Frequent elevations of 15% or more (more than 3 during observation

period)

5 Sustained elevation greater than or equal to 15%

Heart rate 1 Heart rate below baseline

2 Heart rate consistently at baseline

3 Infrequent elevations of 15% or more (1–3 during observation

period)

4 Frequent elevations of 15% or more (more than 3 during observation

period)

5 Sustained elevation greater than or equal to 15%

Muscle tone 1 Relaxed/None Muscle tone is absent. There is no resistance to movement

2 Reduced muscle tone The patient shows less resistance to movement than normal, but

muscle tone is not totally absent

3 Normal muscle tone Resistance to movement is normal

4 Increased tone/flexionof

fingers/toes

The patient shows resistance to movement that is clearly greater

than normal, but the joint is not rigid

5 Extreme rigidity/flexion of

fingers/toes

Muscle rigidity is the patient’s predominant state throughout the

observation period. This may be observed even without

manipulating an extremity

Facial tension 1 Relaxed The patient shows no facial muscle tone, with absence of normal

mouth and eye closing. The mouth may look slack and the patient

may drool

2 Normal tone The patient shows no facial muscle tension with mouth and eyes

closing appropriately

3 Some tension This does not include sustained tension of muscle groups such as the

brow, forehead, or mouth

4 Full facial tension The patient shows notable, sustained tension of facial muscle

groups including the brow, forehead, mouth, chin, or

cheeks

5 Hyper-alert The patient demonstrates facial grimacing with an expression that

conveys an impression of crying, discomfort, and distress. This

generally includes extreme furrowing of brow and forehead and

contortion of the mouth

Total scores can range between 8 and 40. A score of 17–26 generally indicates adequate sedation and pain control. Reproduced from Ambuel B, Hamlett KW,
Marx CM, Blumer JL. Assessing distress in pediatric intensive care environments: the COMFORT scale. Journal of Pediatric Psychology. 1992; 17: 95–109, by
permission of the Society of Pediatric Psychology, Division 54 of the American Psychological Association.

Table 38.7 The advantages and disadvantages of physiological

measures of pain.

Advantages Disadvantages

Objective Habituate over time to long-lasting pain

Are not specific to pain and measure other

states (e.g. distress, anxiety)

Rarely correlated with other self-report and

behavioral measures of pain
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less attention has been devoted to measures of chronic
pain in children and adolescents. Often, many of the self-
report measures summarized above will be used to
provide an assessment of chronic pain (e.g. VAS or
FPS-R can be used to have children rate the pain from
their most recent headache). Because of its complex
nature, chronic pain assessment often also encompasses
measurement of domains known to be related to pain,
such as physical (e.g. interference with daily activities,
sleep) and psychological variables (e.g. depression,
anxiety). Some of the most common measures used in
pediatric chronic pain assessment include the Functional
Disability Inventory (FDI),57 the Pain Coping Ques-
tionnaire (PCQ),58 and the Pain Catastrophizing Scale
for Children (PCS-C).59 A review of measures commonly
used in the assessment of adolescent chronic pain by
Eccleston and colleagues60 revealed that of a total of 43
different measures that had been cited as part of an
assessment battery, only 12 of these measures actually
had been validated for use with adolescents with chronic
pain. This review also revealed considerable diversity in
measures applied for chronic pain assessment across
studies, making it difficult to interpret results and
compare across studies.

A better approach to this more piecemeal assessment
method is the use of comprehensive questionnaires
designed to document pain intensity, as well as other
pain-related variables, such as the affective qualities
associated with the pain or pain-related interference. In
the past, the most commonly used multidimensional
questionnaire for assessing childhood chronic pain is the
Varni/Thompson Pediatric Pain Questionnaire (PPQ)61

which provides separate forms for children, parents, and
clinicians. The measure was modelled after the most
widely used adult pain instrument, the McGill Pain
Questionnaire (MPQ)62 and assesses pain intensity,
location, and the sensory, evaluative and affective quali-
ties of the pain experience. The measure has been vali-
dated primarily for use with children with arthritis63 and
sickle cell disease,64 although it is frequently used with
children experiencing a variety of painful conditions.

More recently, a comprehensive measure of the impact
of adolescent chronic pain has been developed by
Eccleston and colleagues.65 The Bath Adolescent Pain
Questionnaire (BAPQ) is a 61-item measure used to
assess functioning in seven domains: social functioning,
physical functioning, depression, general anxiety, pain
specific anxiety, family functioning, and development.
Although the items on this measure are similar to those
included on separate, individual measures of these
various areas, this measure has the advantage of being
integrated and validated on samples of adolescents with
chronic pain. The BAPQ shows promise as a tool that
could be useful in research, as well as in clinical practice.
Greater consistency in the applications of measures to
chronic pain assessment would represent a significant
advance for the field.

ASSESSMENT OF PAIN IN CHILDREN WITH
DEVELOPMENTAL DISABILITIES

An area that has received considerable attention and
shown rapid growth in the last ten years is the assessment
of pain in children with developmental disabilities.66 For
many years, it was believed that individuals with devel-
opmental disabilities were incapable of experiencing and/
or expressing pain. It is now generally accepted that this
belief was false and unfounded and, in fact, these children
may be particularly vulnerable to both acute and chronic
forms of pain as they frequently have comorbid painful
medical conditions and are more likely to require sur-
geries and other painful medical procedures than children
without disabilities.67

In terms of pain assessment, measures validated for use
with children without disabilities have sometimes been
helpful (e.g. FLACC), but fortunately several measures have
been developed and validated specifically for use in asses-
sing pain in children with developmental disabilities.68 The
most commonly used and cited measure is the Non-
Communicating Children’s Pain Checklist (NCCPC).69

Two current versions of the NCCPC are available; one to
assess general pain (NCCPC-R; see Table 38.8)70 and
another to assess postoperative pain.71 The measure assesses
the presence of a series of behavioral indicators of pain (e.g.
moaning, changes in sleep, facial expression). Two similar
measures are also available: the Échelle Douleur Enfant San
Salvadour (DESS)72 and the Pediatric Pain Profile (PPP),73

although these measures are not as strongly supported in
the literature as the NCCPC. The availability of these
validated measurement tools for children with develop-
mental disabilities has drawn attention to the importance
of pain in this population whose suffering was often pre-
viously ignored. Unfortunately, the majority of work that
has been conducted to validate these measures has included
samples of children with many different forms of disability.
However, a child with autism may express pain in a very
different way than a child with Down syndrome. Additional
focus on variation in pain expression and pain assessment
as a function of the nature of the disability present should
help to further improve pain assessment for these children.

ASSESSMENT OF PAIN IN NEONATES AND
INFANTS

In the 25 years since the recognition that neonates and
infants feel pain, there has been tremendous growth in
the area of pain assessment among this population. For
obvious reasons, pain assessment in this age group is one
of the more challenging tasks faced by health professionals
working with children. In the past, the challenge was that
there were no reliable or valid pain measures that could
be used with neonates and infants. Now the clinician has
the opposite dilemma; a systematic review conducted by
Duhn and Medves74 revealed that there are now over
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three dozen measures available for assessing pain in
infants, all with varying degrees of psychometric support.
Sadly, despite this proliferation of measures, there is still
no consensus on what the best measure is for assessing
pain in this age group.75

There are two main approaches to assessing pain in
neonates and infants, including unidimensional and
multidimensional measures.75 Unidimensional measures
are those that include either only one indicator (e.g. cry)
or several similar indicators (e.g. different facial actions).
Probably the most commonly used and well-recognized
unidimensional measure of pain is the Neonatal Facial
Coding System (NFCS).51 The NFCS codes nine different
facial movements (e.g. brow bulge, taut tongue) to yield
an overall facial activity score which has been found to be
reflective of pain. Multidimensional measures of pain
provide an assessment based on more than one indicator
or domain; for example, including different behavioral

items (e.g. facial action, cry) or coming up with a com-
posite assessment based on multiple domains (e.g. a
combination of behavioral and physiological parameters).
One of the most widely used multidimensional measures
of neonatal pain is the Premature Infant Pain Profile
(PIPP).76 The PIPP provides a composite score based on
three behavioral (facial actions: brown bulge, eye squeeze,
and nasolabial furrow), two physiologic (heart rate and
oxygen saturation), and two contextual (gestational age
and behavioral state) factors.

As with pain assessment in older children, the specific
measure selected for use depends on a variety of factors,
including the type of pain to be assessed, the age and
characteristics of the infant (e.g. preterm versus term),
and the setting in which the pain is to be assessed. An
excellent review of pain assessment and management in
infants and neonates is available in the new volume by
Anand et al.77

Table 38.8 The Non-Communicating Children Pain Checklist-Revised items.

Subscale Item

Vocal subscale Moaning, whining, whimpering (fairly soft)

Crying (moderately loud)

Screaming/yelling (very loud)

A specific sound or word for pain (for example, a word, cry, or type of laugh)

Eating/sleeping subscale Eating less, not interested in food

Increase in sleep

Decrease in sleep

Social subscale Not co-operating, cranky, irritable, unhappy

Less interaction with others, withdrawn

Seeking comfort or physical closeness

Being difficult to distract, not able to satisfy or pacify

Facial subscale A furrowed brow

A change in eyes, including squinching of eyes, eyes opened wide; eyes frowning

Turning down of mouth, not smiling

Lips puckering up, tight, pouting, or quivering

Clenching or grinding teeth, chewing or thrusting tongue out

Activity subscale Not moving, less active, quiet

Jumping around, agitated, fidgety

Body/limb subscale Floppy

Stiff, spastic, tense, rigid

Gesturing to or touching part of the body that hurt

Protecting, favoring, or guarding part of the body that hurts

Flinching or moving the body part away, being sensitive to touch

Moving the body in specific way to show pain (e.g. head back, arms down, curls up, etc.)

Physiological signs subscale Shivering

Change in color, pallor

Sweating, perspiring

Tears

Sharp intake of breath, gasping

Breath holding

Each item is scored as how often it was observed (not at all, just a little, fairly often, very often) during a two-hour period. The Eating/sleeping subscale is
scored for the entire day (not just a two-hour period).
Reprinted with permission from Breau LM, McGrath PJ, Camfield CS, Finley GA. Psychometric properties of the non-communicating children’s pain
checklist–revised. Pain. 2002; 99: 349–57.
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THE ROLE OF THE PARENT IN PAIN
ASSESSMENT

This chapter has focused primarily on providing an
overview of pain measures that rely on direct input from
or observation of the child. It is important to note that
parents play a critical role in pain assessment. Parents are
the experts on their child and some pain measurement
tools (e.g. PPPM, NCCPC) explicitly acknowledge the
parent as an important resource about departures from
normal behavior that may signify pain. Whenever possi-
ble, parents should be asked to provide ratings of their
children’s pain (which can often be done using the same
measure the child is using to facilitate comparisons). It is
interesting to note, however, that parents (as well as
health professionals) often underestimate children’s pain
when adult ratings are directly compared to children’s
ratings using the same measures.78 It is unclear what
might explain the tendency for parents and other adults
to underestimate children’s pain, but it is important for
clinicians to take into account the likelihood that parental
pain ratings may represent an underestimation of the
child’s actual pain experience.

CULTURAL AND ETHNIC CONSIDERATIONS

The majority of the measures included within this chapter
were developed and validated primarily with English-
speaking populations. Caution must be used when
assessing children whose first language is something other
than English. Concepts developed for a measure within
one culture may not readily translate into another lan-
guage.79 The simple translation of materials is often not
accurate and should not be used without proper valida-
tion. Therefore, if available, pain assessment measures
should only be used if validated in the translated form.
The Oucher is one example of a pain measure that has
been validated in both African-American and Hispanic
children.33 The FPS-R has been translated into over 32
different languages, with validation studies in several
languages currently under way.80 Cultural notions of pain
and pain expression are also an important aspect of the
pain experience and should not be overlooked in pain
assessment.

CONCLUSIONS

This chapter provides a summary of pain assessment
measures available for use with children and draws
attention to a number of important clinical issues that
relate to pain assessment. There are a variety of self-report
and behavioral measures for assessment of acute pain in
children that are well supported in the research literature.
Physiological measures of pain have not demonstrated
sufficient specificity to pain to be recommended for

clinical use. Measures are also available for assessment of
pediatric chronic pain in children and for children with
developmental disabilities. The clinician working with
children in pain is urged to consider the important role of
the parent in pain assessment, as well as the influence of
cultural and ethnic factors of pain experience and mea-
surement. Unfortunately, despite the myriad of pain
assessment tools available for use with children, including
special populations of children such as those with devel-
opmental disabilities or the very young, pain remains a
variable that often goes underrecognized and under-
treated. Pain is generally given a low priority in hospitals
and the lack of education about pain among health
professionals may contribute to needless pain and suf-
fering in children that would otherwise be assessed and
subsequently managed more appropriately. While chil-
dren in pain would certainly benefit from the develop-
ment of new and improved pain measures, it is critical for
research attention to now be directed towards exploring
creative and interactive methods for increasing the like-
lihood that existing measures are actually adopted for
routine use in clinical care.81, 82

Pain assessment should be assessed at regular intervals,
like vital signs, and recorded in patients’ clinical charts.
Selecting pain measures for use with children that are
evidence-based and strongly supported in the research
literature will help lead to improved care and decrease
suffering.

ACKNOWLEDGMENTS

NF Bandstra is supported by a doctoral award from the
Nova Scotia Health Research Foundation (NSHRF) and
an honorary Killam Predoctoral Scholarship. She is a
trainee member of Pain in Child Health (PICH), a Stra-
tegic Training Initiative in Health Research of the Cana-
dian Institutes for Health Research (CIHR). CT
Chambers is supported by a Canada Research Chair. The
authors are grateful to Marie-Claude Grégoire and Kelly
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KEY LEARNING POINTS

� Analgesic pharmacology during infancy and childhood 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.
� Pain should be assessed using a valid, developmentally

appropriate method and assessments should be repeated

at frequent intervals in order to evaluate the

effectiveness of analgesia.
� Guidelines are available relating to many aspects of

pain management in children, including acute

postoperative and procedural pain in children. They

should be consulted and implemented.

GENERAL CONSIDERATIONS

In recent years, there have been many advances in the
range and complexity of techniques available for pain
management in infants and children.1, 2 Considerable
experience has been gained in the safe and effective use of
potent analgesia at all ages, even in the youngest infant.
Children’s pain management has been revolutionized in
the last few years by a better understanding of the factors
that contribute to safe and effective pain control. The use
of developmentally appropriate pain assessment (see
Chapter 38, Pain assessment in children), an appreciation
of the need for suitable physiological monitoring with
close supervision by trained pediatric staff, the benefits of
pediatric pain management teams (see Chapter 50,
Organization of pediatric pain services) and the wide-
spread use of pain management protocols are all impor-
tant considerations.

Multimodal analgesia, i.e. the use of a number of
complementary pharmacological and nonpharmacological

approaches in conjunction with each other, underpins the
management of pain in children. The value of effective pain
assessment cannot be overstated, but assessments must be
repeated at frequent intervals, and indications of pain lead
to appropriate remedial action which should be outlined in
a clear and effective management plan (Table 39.1).

This chapter outlines the practical details of pharma-
cological pain management, including protocols for
techniques, such as patient-controlled analgesia (PCA)
and nurse-controlled analgesia (NCA), and technical
descriptions of physical interventions, such as epidural
analgesia and other local anesthetic techniques. Psycho-
logical pain management strategies have an increasingly
important place, particularly in the management of
painful procedures. These are discussed in Chapter 40,
Mind/body skills for children in pain, and Chapter 16,
Psychological interventions for acute pediatric pain in the
Acute Pain volume of this series.

Professionals involved in the routine medical care of
children are expected to have an understanding of the



principles of contemporary pain management and to be
aware of current good practice. Although when compared
with adults there is less high quality research evidence in
children to guide practice, a number of examples of evi-
dence-based guidelines on aspects of pediatric pain
management are now available, they should be consulted
and their recommendations implemented when designing
analgesic protocols.3, 4, 5

Routes of administration for analgesics

The route of administration of analgesia is an important
consideration in children and one that can profoundly
influence its effectiveness. The palatability of oral for-
mulations and the acceptability of any other route must
be taken into account to ensure compliance when plan-
ning regimens. For example, the use of intramuscular
analgesics has been cited as a major cause of under-
medication in children. Many of them would rather
endure even quite severe pain than be subjected to a
distressing and in itself painful intramuscular analgesic
injection. Nurses are also reluctant to administer such
unpleasant treatments to unwilling children and therefore
analgesia is unlikely to be given.6

Whenever possible, protocols and prescriptions for
analgesia to be administered on demand should allow for
several choices of route for maximum flexibility, e.g.
paracetamol (acetaminophen) can be given orally, rectally,
or intravenously.

ORAL

When it is available, the oral route is always preferred over
other methods. Children will usually accept oral analgesia,

but they may have strong preferences regarding the con-
sistency or flavor of medication. In general, liquids are
preferred over tablets or capsules, and in addition they are
often mixed with small amounts of a favorite drink.
Liquid formulations also have the advantage that they
are homogeneous and can be more easily and accu-
rately diluted and divided into smaller doses for young
patients.

RECTAL

Rectal administration of analgesics has become very
popular, especially for paracetamol and the nonsteroidal
anti-inflammatory drugs (NSAIDs). Easy administration
and slow absorption kinetics are convenient and allow
plasma levels to be maintained with relatively infrequent
dosing. Drawbacks are that rectal absorption can be
erratic and unpredictable for some drugs, leading to
uncertainty about the correct dose and redosing interval,
and that some children or their families perceive it to be
unpleasant or unacceptable.7 The rectal pharmacokinetics
of paracetamol have been particularly well investigated in
infants and children. Higher initial doses are required to
reliably achieve adequate plasma levels, and the main-
tenance dose and dosing interval depend on clearance of
the drug, which is age-dependent.8, 9

SUBLINGUAL, BUCCAL, AND INTRANASAL

Although these routes are not frequently used in children,
they are popular for some analgesics, notably the opioids.
Rapid absorption, lack of hepatic ‘‘first-pass effect’’
leading to relative increases in efficacy and potency and

Table 39.1 Pain score–pain management action plan.

Pain score

P 0 No paina Reassess frequently

P 1–3 Mild paina Review analgesia

NCA Give bolus ten minutes before

activity

PCA Encourage bolus ten minutes

before activity

Epidural Assess level

P 4–7 Moderate paina Give analgesia

NCA Give bolus

PCA Encourage bolus

Epidural Assess level, increase rate

P 8–10 Severe paina Give analgesia – review regimen

NCA Give bolus, assess, and repeat

PCA Review usage; consider

background infusion

Epidural Assess level, increase rate

aEnsure supplementary analgesia is given (paracetamol1an NSAID if appropriate).
NCA, nurse-controlled analgesia; NSAID, nonsteroidal anti-inflammatory drugs; PCA, patient-controlled analgesia.
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improvements in compliance are possible advantages.
Intranasal diamorphine, fentanyl, and sufentanil have
been used for procedural pain, sublingual and buccal
oxycodone for postoperative pain, and buccal or ‘‘oral
transmucosal’’ fentanyl for premedication or procedural
pain.10, 11, 12, 13

INTRAVENOUS, SUBCUTANEOUS, AND INTRAMUSCULAR

Potent analgesia is frequently given by the intravenous
route due to its convenience, rapid onset, and predictable
bioavailability. Subcutaneous administration is also use-
ful, particularly when venous access is limited. The
intramuscular route for analgesia should generally be
avoided in children, but it may have a limited place in the
anesthetized or heavily sedated child as a predictable and
convenient short-term solution.

NEURAXIAL

Local anesthetics, opioids, ketamine, and clonidine are
frequently given neuraxially, particularly by the epidural
route. Advantages are that relatively widespread analgesia
is possible with low doses and few systemic side effects.
Many analgesics have synergistic effects when given
neuraxially. Catheters can be placed in the epidural space
so that analgesic solutions can be infused for several days
if necessary.

INHALATIONAL

Nitrous oxide has analgesic properties and can be inhaled
at concentrations of 50–70 percent for pain relief during
medical procedures, such as dressing changes, bone
marrow aspiration, removal of sutures, or lumbar punc-
ture. The use of nitrous oxide is discussed in Chapter 27,
Acute pain management in children in the Acute Pain
volume of this series.

SYSTEMIC ANALGESIA FOR MILD TO
MODERATE PAIN

Mild and moderate acute and long-term pain is usually
satisfactorily managed with oral analgesia. Paracetamol
and the NSAIDs are the mainstay of postoperative pain
management following minor procedures, after sprains
and minor acute injuries, and for many types of long-
term pain, including chronic headache, some muscu-
loskeletal pain, and joint pain. They are frequently used
concurrently as part of a multimodal analgesic technique,
and for moderate pain not controlled by this combina-
tion, the addition of a low potency opioid such as codeine
or tramadol is usually beneficial. Table 39.1 lists analge-
sics and doses commonly used for mild/moderate pain in

pediatric practice, the pharmacology of these analgesics is
discussed 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;
and Chapter 27, Acute pain management in children in
the Acute Pain volume of this series.

Paracetamol

This is a low potency analgesic when used alone, but is
much more effective in combination with NSAIDs and/or
opioids. Paracetamol is the first-line mild analgesic in
children, it is also used as an antipyretic. As with most
analgesics, the pharmacokinetics of paracetamol are
developmentally regulated, the principal adverse effect is
hepatotoxicity in overdose. Single doses less than 150mg/
kg are not generally associated with toxicity, the use of
maximum doses for more than five days is not generally
recommended without close medical supervision.14[III]
The dose of paracetamol depends on both age and route
of administration (Table 39.2).

Nonsteroidal anti-inflammatory drugs

Although there may be some interindividual differences
in the response to NSAIDs, and their potential to cause
adverse effects, these drugs are largely used inter-
changeably for acute pain indications. The choice of
NSAID depends on availability and convenience; some
drugs are easily obtainable in child-friendly formulations
and presentations. NSAIDs are not currently used for
analgesia in the neonatal period, they are used under
direct medical supervision in infants of one to three
months of age. After six months of age, they appear to
have a similar side-effect profile to that in older children
and adults. Ibuprofen is the most investigated and
therefore first-choice NSAID in the very young, where its
safety profile is comparable to that of paracetamol.15[II]
Caution is advised when using this group of drugs in the
presence of asthma, renal impairment, bleeding tendency,
and peptic ulceration, although risks appear to be
small for short-term use, especially for ibuprofen.16[II]
Cross-sensitivity with aspirin-induced asthma can occur,
but NSAIDs do not appear to affect respiratory function
in other ashmatics.17 Their use after surgery where there
is a high risk of postoperative bleeding, e.g. tonsillectomy,
is controversial and is discussed in Chapter 27, Acute pain
management in children in the Acute Pain volume of
this series.

Codeine

Codeine is a low potency opioid, the efficacy of which
depends on its metabolism to morphine by the
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cytochrome P450 enzyme CYP2D6. The activity of the
enzyme is genetically and developmentally regulated,
which complicates its use in that it is not possible to
predict whether individual patients will benefit from the
drug.18 Nevertheless, there is evidence that variability in
the response to codeine is less when it is combined with
other analgesics, such as paracetamol.19[I] Codeine has an
excellent safety record in children and can be used if
reliable methods of pain assessment are also employed.

Tramadol

Tramadol is a moderate potency analgesic, usually clas-
sified as an opioid, but with both opioid and nonopioid
modes of action.20 It has become popular in pediatric
practice, mainly in Europe, because opioid side effects
may be less prominent.21[II], 22[II] The opioid effects of
tramadol are mediated through direct but weak m-agonist
activity, and more potent (� 2–300) m-agonist effects by
an active metabolite O-desmethyltramadol. Tramadol also
appears to act through serotonergic and noradrenergic
mechanisms.20 As the active metabolite of tramadol is
produced by the cytochrome P450 enzyme CYP2D6 (see
above under Codeine), unanswered questions arise
regarding the effects of genetic polymorphisms and
development on the efficacy of tramadol.23 Nevertheless,
tramadol has been used widely in children, including in
the neonate. Tramadol pharmacokinetics have been
investigated; clearance is reduced in the neonatal period

but reaches 44 percent of the mature value by one month
and is similar to adults by one year.24

ANALGESIA FOR MODERATE TO SEVERE PAIN

Moderate to severe self-limiting pain is usually treated
with analgesic combinations that include a potent opioid
such as morphine. Multimodal analgesia with para-
cetamol and NSAIDs may also be supplemented with
novel analgesics, such as ketamine or clonidine, that are
included especially when pain proves to be difficult to
treat or if opioid side effects are troublesome. Localized
pain, particularly postoperative pain, can often be man-
aged with single shot or continuous local anesthesia (LA)
in combination with systemic analgesics.

Opioids

Opioids have been used extensively for many years in the
management of pain in infants and children. Morphine is
the most tried and tested and therefore the best under-
stood and commonly prescribed, especially for neonates
and young children. Other opioids have also become
popular in some countries for specific indications, or
because of convenient formulations; for example, the use
of oral oxycodone, transcutaneous fentanyl, neuraxial
hydromorphone, and intranasal diamorphine have all
been described.

Table 39.2 Analgesics for mild to moderate pain in infants and children.

Drug Class of analgesic Route of administration Doses

Paracetamol Antipyretic-analgesic Oral/rectala 15–20mg/kg qid

90mg/kg/day maximum

60mg/kg/day term neonate

30–45mg/kg/day preterm

Intravenousb 10–15mg/kg qid

40mg/kg/day term neonate

60mg/kg/day, o50 kg body weight

4 g daily, 450 kg body weight

Intravenousb Propacetamol 180mg/kg/day

Ibuprofen NSAID Oral 20mg/kg/day, o6 months

30mg/kg/day 46 months (maximum 2.4 g/day)

Diclofenac NSAID Oral 1mg/kg tid (3mg/kg/day)

Rectal 1mg/kg tid (3mg/kg/day)

Ketorolac NSAID Oral 0.5–1mg/kg qid (max 10mg/dose)

Intravenous 0.5mg/kg qid (maximum 10mg/dose)

Codeine Opioid Oral 1mg/kg qid

Rectal 1mg/kg qid

Intravenous Not recommended

Tramadol Opioid/monoaminergic Oral 1–2mg/kg qid

Intravenous 1mg/kg qid

NSAID, nonsteroidal anti-inflammatory drugs; qid, four times a day; tid, three times a day.
aSee also Table 27.5, Chapter 27, Acute pain management in children in the Acute Pain volume of this series.
bSee also Table 27.6, Chapter 27, Acute pain management in children in the Acute Pain volume of this series.
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Because the interindividual variation in response to
opioids is great, they are usually titrated to initial effect,
with subsequent doses and dose intervals determined by
response and a knowledge of developmental pharmacoki-
netics. The initial doses for different routes of adminis-
tration of the most frequently prescribed opioids for
children are given in Table 39.3. The principal initial side
effects include sedation, respiratory depression, nausea and
vomiting, and itching. These effects should be monitored
and treated accordingly, see below under Side effects of
opioid analgesia and Table 39.4. In longer-term use, con-
stipation, tolerance, and physical dependence are also a
feature of opioid therapy, especially if infused over more
than four or five days, and therefore opioids should not be
rapidly withdrawn if they have been used for more than a
few days at high doses. For acute pain indications, most of
these unwanted effects can easily be managed, but they are
more problematic when opioids are used for weeks or
months. The use of opioids in the treatment of cancer pain
in children is discussed in Chapter 25, Pediatric cancer
pain in the Cancer Pain volume of this series.

MORPHINE

Morphine is by far the most extensively investigated
opioid in children and it can be used safely, provided
developmentally appropriate dosage regimens and suit-
able monitoring for adverse effects such as respiratory
depression are implemented. Morphine is inexpensive

and versatile, it is reliably absorbed orally with a bio-
availability of 0.5 compared to parenteral routes, it can be
given i.v., i.m., and s.c., and it is effective in the epidural
space and intrathecally.

Parenteral morphine is required postoperatively after
major surgery and for severe pain when intestinal func-
tion is likely to be disturbed. Morphine can be given by
intermittent dosing, continuous infusion, or using a
demand-led system such as PCA or NCA. Onset of
analgesia is rapid after i.v. injection and therefore the
initial dosage (Table 39.3) can be titrated to effect by
repeating the dose at five- to ten-minute intervals until
analgesia is achieved.

The developmental pharmacokinetics of morphine
have been well investigated, clearance is reduced in the
neonate rising to 80 percent of values similar to older
children and adults by six months of age.26, 27 Clinically,

Table 39.3 Initial doses and routes for opioids in children.

Drug Routes of
administration

Initial and maintenance dose

Morphine Oral 0.1mg/kg (o1 month)

0.2mg/kg (41 month)

Intravenous 0.02–0.05mg/kg (o1 month)

0.05–0.1mg/kg (41 month)

Subcutaneous 0.05mg/kg

Epidural 0.02–0.05mg/kg

Oxycodone Oral 0.2mg/kg

Hydrocodone Oral 0.2mg/kg

Methadone Oral 0.2mg/kg

Intravenous 0.1–0.2mg/kg

Fentanyl OTFCa See relevant product information

Transdermal Available as 12, 25, and 50mg/hour patches (see relevant
product information)

Intravenous 0.0005mg/kg

Epidural 0.001mg/kg

Hydromorphone Oral 0.06mg/kg

Intravenous 0.005–0.015mg/kg

Subcutaneous 0.005–0.015mg/kg

Epidural 0.001–0.003mg/kg

aOTFC, oral transmucosal fentanyl citrate.

Table 39.4 Suggested monitoring for children receiving

parenteral opioids.

Parameter Method

Analgesia Validated pain score

Sedation Sedation scalea

Respiration Respiratory rate, pulse oximetry (in air)

Cardiovascular Heart rate/blood pressure

Nausea and vomiting Nausea scale

aFor example, University of Michigan Sedation Score.25
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infusion rates for children greater than one month of age
are adjusted within the initial range of 10–30 mg/kg per
hour (0.01–0.03mg/kg per hour). Infusion rates are
reduced for neonates (or dose intervals are increased) and
titrated according to response within the starting range of
2–12 mg/kg per hour (0.002–0.012mg/kg per hour).
Suggested regimens for intravenous infusion of morphine
in neonates and older children are given in Table 39.5.

PATIENT-CONTROLLED ANALGESIA

Popular in adult practice (see Chapter 11, Patient-con-
trolled analgesia in the Acute Pain volume of this series),
PCA has similar advantages and indications in children. It
is generally considered suitable for those aged six years
and above, provided they are able to understand the
concept and physically able to operate the handset, there
have been reports of successful use of PCA in children as
young as four years of age. In practice, children are likely
to need special help in the form of pre-use education,
frequent reeducation during use, encouragement, and
reminders, if the technique is to work well. It is important
to emphasize that the safety of PCA depends on self-
administration and therefore only the patient should
operate the handset. In children younger than 12 years, a
small continuous (background) infusion is often used, a
typical PCA regimen is given in Table 39.6.

NURSE-CONTROLLED ANALGESIA

The lack of flexibility of a simple morphine infusion can
be improved by allowing fixed-volume extra doses of
analgesia to be given by nursing staff using a PCA-type
programmable infusion pump. Extra doses can be given
according to assessed analgesic requirements, before
movement, or before painful care such as physiotherapy.
Typical nurse-controlled analgesia uses a continuous
infusion rate of 10–20 mg/kg per hour (0.01–0.02mg/kg
per hour) and extra doses of the same amount every
15–20 minutes (Table 39.6).28 Advantages of NCA are
flexibility to treat rapidly changing analgesic require-
ments, accuracy, and convenience. NCA is suitable for
children who are too young or unable to use PCA, or in
situations where frequent painful procedures are carried
out. NCA can also be used in the neonatal period, in
which case the continuous infusion is reduced or omitted
until opioid requirements are established: a recom-
mended regimen is shown in Table 39.6.

FENTANYL

Fentanyl is an extremely potent rapidly acting opioid with
a terminal half-life of about 30 minutes. An advantage of
fentanyl is that it may have less effect on the pulmonary
vasculature than morphine and is therefore used in the
presence of, or in patients who are at risk of, pulmonary

Table 39.5 Intravenous morphine infusion for neonates and children age 41 month.

Preparation Concentration Initial dose Infusion rate

Morphine infusion

(neonate)

Morphine sulfate 1mg/

kg in 50mL solution

20mg/kg/mL
(0.02mg/kg/mL)

0.5–2.5mL

(0.01–0.05mg/kg)

0.1–0.6mL/hour

(0.002–0.012mg/kg/hour)

Morphine infusion

(age 41 month)

Morphine sulfate 1mg/

kg in 50mL solution

20mg/kg/mL
(0.02mg/kg/mL)

1.0–5.0mL

(0.02–0.1mg/kg)

0.5–1.5mL/hour

(0.01–0.03mg/kg/hour)

Table 39.6 Suggested morphine NCA and PCA protocols for neonates, infants, and children.

Preparation Concentration Initial dose Programming

Background
infusion

NCA/PCA dose Lockout
interval
(minutes)

NCA for neonatal

use

Morphine sulfate

1mg/kg in

50mL solution

0.02mg/kg/mL 0.5–2.5mL

(0.01–0.05mg/

kg)

0–0.5mL

(0–0.01mg/kg/

hour)

NCA 0.5–1.0mL

(0.01–0.02mg/

kg)

20–30

NCA for infants

and children

41 month

Morphine sulfate

1mg/kg in

50mL solution

0.02mg/kg/mL 2.5–5.0mL

(0.05–0.1mg/

kg)

0.5–1.0mL/hour

(0.01–0.02mg/

kg/hour)

NCA 0.5–1.0mL

(0.01–0.02mg/

kg)

15–20

PCA Morphine sulfate

1mg/kg in

50mL solution

0.02mg/kg/mL 2.5–5mL

(0.05–0.1mg/

kg)

0–0.2mL/hour

(0–0.004mg/

kg/hour)

PCA 0.5–1.0mL

(0.01–0.02mg/

kg/hour)

5

NCA, nurse-controlled analgesia; PCA, patient-controlled analgesia.
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hypertension. Owing to its high lipid solubility, fentanyl is
used in a number of novel analgesic delivery systems,
including oral-transmucosal and transdermal, which have
been used for procedural pain and cancer pain, respec-
tively. A disposable iontophoretic transdermal fentanyl
PCA device has been developed recently which may be
suitable for teenagers and older children, but which has
not been investigated in this age group.29

OXYCODONE AND HYDROCODONE

These are semi-synthetic opioids with moderately high
efficacy that are used frequently in proprietary analgesics
in combination with paracetamol and NSAIDs. They are
better absorbed orally, but may have little other advantage
in comparison with morphine. Oral oxycodone and
controlled-release oral oxycodone are popular in the
management of cancer pain.30

HYDROMORPHONE AND METHADONE

Hydromorphone is a morphine derivative with a relatively
long duration of action. Like morphine, it is considered a
hydrophilic opioid but has a greater water solubility
allowing a smaller volume/dose. It is also popular for
epidural use because it appears to have an advantageous
efficacy/side-effect profile in comparison with morphine
and the more lipid soluble fentanyl.31, 32[II]

Methadone is a long-acting opioid with N-methyl-D-
aspartate (NMDA) antagonist properties. Although it is
often regarded as an ‘‘old’’ opioid because it has been
available for many years, there is renewed interest in its
use as an analgesic for neuropathic pain and in order to
reduce opioid tolerance. Methadone has traditionally
been used in the management of opioid withdrawal and
in addiction states because of its long duration of action.

SIDE EFFECTS OF OPIOID ANALGESIA

The adverse effects of opioid analgesics are largely pre-
dictable and dose related. Naloxone, the opioid antago-
nist, may selectively reverse side effects when infused in
low doses with little obvious effect on analgesia.33[II]
Opioid partial agonists are sometimes used to treat opioid
side effects, but they have been little investigated in
children.

Nausea and vomiting

Nausea and vomiting due to opioids can sometimes be
treated by adjustments to dosing regimens, e.g. reducing
the rate of delivery of PCA and NCA bolus doses, more
commonly antiemetic drugs are required. The use of
antiemetics in children for PONV has been reviewed
recently, and consensus guidelines developed.34[II] Chil-
dren deemed to be at risk should be given prophylaxis

with either dexamethasone or a 5HT antagonist, such as
ondansetron. Treatment can be with either of these first-
line antiemetics or, if they are not effective, combination
with a second-line drug, such as prochlorperazine or
cyclizine, should be used.34[II]

Respiratory depression

Clinically significant depression of respiration due to
therapeutic use of opioids for pain is a rare event, pro-
vided recommended doses are used. Certain groups may
be more at risk such as patients with sleep apnea syn-
dromes or other types of airway compromise.35 Neonates
have traditionally been considered to be more sensitive to
opioid-induced respiratory depression, but this did not
appear to be true when depression of the carbon dioxide
response curve by morphine at different ages was mea-
sured.36 Age-related differences in pharmacokinetics are
probably responsible for the relative increase in respira-
tory effects for a given dose seen clinically in young
patients. Nevertheless, neonates and infants at risk for
apnea due to age or following general anesthesia, who are
also receiving opioids, should be treated as high risk.

There is no agreement on minimum standards of
monitoring for children receiving parenteral opioids.
Most authorities recommend that the level of sedation is
monitored in addition to respiratory rate because som-
nolence is a more sensitive measure of depression of
respiration (Table 39.4). Patients who are at risk will
obviously need more intensive observation; continuous
pulse oximetry may be helpful, but it is an insensitive
measure of respiratory depression if patients are receiving
supplementary oxygen.

Ketamine

Ketamine, a phencyclidine derivative and NMDA
antagonist, is a dissociative general anesthetic agent with
analgesic properties in subanesthetic doses. The principal
analgesic uses of ketamine in pediatrics are for post-
operative pain as a neuraxial analgesic, or less commonly
as a supplement to intravenous opioids. It is also used for
the management of procedural pain. Ketamine is a race-
mic mixture and the S-isomer has approximately twice
the analgesic potency of its racemate with a better side-
effect profile and is probably preferred when available.37 If
ketamine is used as a neuraxial analgesic, the solution
must of course be preservative-free. The developmental
neurotoxic safety of ketamine itself is not conclusively
established, and as it is not licensed for use by this route
in adults or children it has not undergone the usual rig-
orous testing required; nevertheless, there are no reports
of such toxicity after many years of clinical use. The
authors of a systematic review concluded that more
investigation should be undertaken before epidural keta-
mine can be recommended, others have argued that
S-ketamine in particular has been shown to be safe.37, 38
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POSTOPERATIVE ANALGESIA: CAUDAL KETAMINE

There are numerous descriptive studies of the use of
caudal epidural ketamine, with or without LA. Ketamine
at a dose of 0.25–0.5mg/kg prolongs the effect of caudal
LA following a range of subumbilical surgery, such as
orchidopexy, hypospadias, or inguinal hernia repair.4, 38[I]

Studies in adults have shown that postoperative,
intravenous ketamine may have opioid-sparing effects
and reduce opioid-related side effects,39[I], 40[I] In chil-
dren, this remains to be proven, but nevertheless low-dose
ketamine is used to supplement i.v. opioids when pain is
refractory or difficult to manage, a typical regimen is
10–50 mg/kg per hour (Table 39.7).

PROCEDURAL PAIN

Ketamine 1–2mg/kg i.v. is used in emergency depart-
ments, oncology units, burns units, and elsewhere for the
management of painful procedures, such as dressing
changes, simple fracture reduction, lumbar puncture, and
bone marrow biopsy. The use of ketamine in this way by
physicians not trained in anesthesia is controversial, but
provided certain criteria are fulfilled it is regarded as safe
by some practitioners.41, 42, 43

Clonidine

The a2 adrenergic agonist clonidine is used fairly exten-
sively for caudal epidural analgesia with or without LA at
a dose of 1–2 mg/kg, where, like ketamine, it appears to
prolong analgesia.38[I], 44 Clonidine shows a marked
developmental effect in regard to its sedative properties,
and severe respiratory depression has been reported in
neonates.45, 46 Clonidine neurotoxicity has been more
extensively investigated than that of ketamine, but again
as it is not licensed for neuraxial analgesia in children
there is some debate concerning its use.38, 44

LOCAL ANESTHETIC PROCEDURES

Local anesthetic blocks are an extremely important part of
pediatric pain management, particularly for acute post-
operative and procedural pain. Enthusiasm for regional
anesthesia in children originates from the realization in

the early 1980s that the residual effects of anesthesia and
the adverse consequences of opioids could be minimized
by the use of LA. The prevalence of day surgery in
pediatrics and the relative simplicity of many LA blocks in
children that are appropriate for the most common
operations has meant that they have become part of
standard care.

General considerations

Children dislike needles and will not usually cooperate
with uncomfortable or prolonged procedures, conse-
quently, with few exceptions local anesthetic blocks are
performed under general anesthesia. This is in direct
contrast to practice in adults where it has been argued
that neurological damage due to direct needle trauma can
be avoided if the patient reports paresthesia during pla-
cement of a block. There is a consensus of opinion that
block placement under general anesthesia is the preferred
option in children, and evidence of its safety has been
provided by a number of outcome studies.47, 48, 49

In recent years, there has been interest in the use of
ultrasound to aid accurate placement of LA, and posi-
tioning of catheters for LA infusion, in both peripheral
and epidural blocks.50 The technique has been extended
to children and descriptions of the successful use of
ultrasound for ilio-inguinal, umbilical, and epidural block
have been published in the last few years.51, 52, 53 Although
special skills and equipment are needed, possible advan-
tages are faster and more accurate placement, higher
success rates, reduced dose of LA needed, and lower
incidence of complications.51, 53, 54

PERIPHERAL NERVE BLOCKS

Penile block

Indications

This block is used for intra- and early postoperative
analgesia for circumcision, meatoplasty, and distal
hypospadias. For circumcision, penile block is compar-
able to caudal block with low rates of complications.55[I]
In neonates shortly after birth, circumcision is sometimes
performed without general anesthesia; penile block is
more effective than either subcutaneous ring block or
topical local anesthesia in this circumstance, but the

Table 39.7 Doses of clonidine and ketamine.

Drug Dose

Oral Intravenous Epidural (caudal)

Clonidine a2-adrenergic agonist 0.001–0.002mg/kg 0.001–0.002mg/kg 0.001–0.002mg/kg� local anesthetic

Ketamine NMDA receptor antagonist 0.5–1mg/kg 0.1mg/kg 0.25–0.5mg/kg� local anesthetic

NMDA, N-methyl-D-aspartate.
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authors of a systematic review noted that none of these
entirely eliminated the pain response during the proce-
dure.56[I]

Anatomy

The two dorsal nerves of the penis supply its distal two-
thirds. They arise as terminal branches of the pudendal
nerves and can be blocked as they emerge from under the
pubic bone in the subpubic space at the base of the penis.
The nerves then run close to the dorsal penile arteries and
veins on the corpora cavernosa of the penis. The subpubic
space is covered anteriorly by the skin and the superficial
and deep layers of fascia of the anterior abdominal wall. It
is divided into two compartments (each containing a
nerve and vessels) by the suspensory ligament of the
penis.

Method

Injections are made lateral to the symphisis pubis on both
sides at the base of the penis. After antisepsis, a short-
bevel 22-gauge regional block needle is inserted poster-
iorly through the two fascial layers which can be felt as
separate slight reductions in resistance about 0.5 cm or
more from the skin. After gentle aspiration, 0.1mL/kg of
local anesthetic solution is injected on either side.

Local anesthetic solutions

Only plain (no vasoconstrictor) solutions of local anes-
thetic should be used. 0.5 percent bupivacaine, levobu-
pivacaine, or ropivacaine are suitable.

Complications

Hematoma due to puncture of vessels or corpora caver-
nosa is possible. Compression due to large hematoma
may cause edema or swelling of the penis.

Ilio-inguinal/iliohypogastric block

Indications

This block is indicated for abdominal surgery below the
level of the umbilicus, particularly inguinal hernia repair.4

[I] Ultrasound-guided block may have the advantage of
increasing reliability and reducing the required dose of
LA.57[III] Extension of the block by including the genital
branch of the genitofemoral nerve with a second injection
may improve the quality of analgesia, but a difference
could only be detected during intraoperative cord traction
in one study.58[II]

Anatomy

The ilio-inguinal and iliohypogastric nerves supply the
inguinal region, they arise from the lumbar plexus, and lie
conveniently close together medial to the ante-
rior–superior iliac spine (ASIS). These nerves and a third,
the genital branch of the genitofemoral nerve, also supply
the skin of the scrotum on that side. The ilio-inguinal and
iliohypogastric nerves lie beneath the external oblique

aponeurosis, between the internal oblique and transversus
abdominis muscles.

Method

A short-bevel 22-gauge regional block needle is inserted
one fingers’ breadth medial to the ASIS, the infant or
child’s index finger provides an age-appropriate measure.
The needle is advanced until a change in resistance,
sometimes described as a ‘‘click’’ or ‘‘pop,’’ is felt as it
passes through the external oblique aponeurosis. The
position can be confirmed by observing the needle sup-
ported by the fascia moving with respiration when it is
released. After gentle aspiration, a volume of 0.2–0.5mL/
kg of the local anesthetic is injected. The genital branch of
the genitofemoral nerve can be blocked by injecting
0.1–0.2mL/kg close to the pubic tubercle on that side.

Local anesthetic solution

Bupivacaine or levobupicaine 0.25 percent, or ropivacaine
0.2 percent up to a maximum dose of 2–2.5mg/kg
(1mL/kg).

Complications

Unwanted motor block of the femoral nerve can occur
producing leg weakness.59

Fascia iliaca compartment block

Indications

The femoral, obturator, and lateral cutaneous nerves of
the thigh can be blocked together by injecting local
anesthetic into the confined space of the fascia iliaca
compartment in which they lie. The block is used for
superficial surgery of the anterolateral thigh, fracture of
the femur, and femoral osteotomy.60 A catheter may be
inserted to provide continuous postoperative analgesia.61

Anatomy

The nerves arise from the lumbar plexus and run beneath
the inguinal ligament deep to the fascia iliaca which is
itself continuous with the deep layers of the ligament. In
the thigh, the fascia iliaca lies beneath the fascia lata and
forms the roof of the compartment. Inferior to the
inguinal ligament, the fascia iliaca forms the roof of a
space known as the ‘‘lacuna musculorum’’, which is
continuous with the fascia iliaca compartment above.
Local anesthetic injected into the lacuna musculorum
spreads to block the nerves as they pass through the
compartment.

Method

A short-bevel 22-gauge regional block needle is inserted
0.5 cm below the inguinal ligament, two-thirds of the
distance laterally from the pubic tubercle. The needle is
advanced at an angle of 601 to the skin in a cephalad
direction using a saline-filled syringe to detect loss of
resistance, which is detected twice as the needle tip
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penetrates the fascia lata and the fascia iliaca. After gentle
aspiration, the local anesthetic solution is injected.

Local anesthetic solution

Bupivacaine or levobupivacaine 0.25 percent 0.5mL/kg,
or a similar volume of ropivacaine 0.2 percent 0.7mL/kg
has been recommended for children under 20 kg.

Infraorbital nerve block

Indications

The nerve supplies the skin and mucous membrane of the
upper lip and lower eyelid and the skin between. It has been
particularly advocated for cleft lip repair and is also suitable
for surgery of the supplied area of the face and to the
maxillary incisors, canine, and premolar teeth, it is superior
to peri-incisional wound infilitration with LA.62[II]

Anatomy

The infraorbital nerve, which runs in the infraorbital
canal, emerges through the infraorbital foramen of the
maxilla which is palpable below the midpoint of the
infraorbital margin. The foramen is located approxi-
mately halfway between this point and the angle of the
mouth and medial (at least 0.75 cm) to the base of the
nasal ala.

Method

The nerve is blocked either percutaneously or intraorally
through the labial sulcus. The intraoral technique utilizes
the dentition as a landmark and is therefore more suitable
for the older child.

� Percutaneous technique: the needle is introduced
perpendicular to and through the skin at the site of
the infraorbital foramen. It is advanced until bony
resistance is established and then slightly withdrawn
and the local anesthetic injected.

� Intraoral technique: The midpoint of the
infraorbital ridge is palpated externally with the
index finger. The infraorbital foramen is then
identified as a bony depression just below this point
with the fingertip. Using the thumb of the same
hand, the upper lip is retracted and the needle
advanced through the labial sulcus opposite the first
premolar or first primary molar. Infiltration of local
anesthetic below the palpating index finger will be
felt as a slight swelling at that point.

� Local anesthetic solution: 0.5–0.75mL of
bupivacaine, levobupivacaine, or ropivacaine 0.5
percent with epinephrine is injected.

Brachial plexus blocks

Indications

Brachial plexus blocks are indicated for upper limb sur-
gery of the hand and forearm. The nerve supply to the
upper limb is provided by the brachial plexus formed

from the nerve roots of the fifth cervical (C5) to first
thoracic (T1) spinal nerves with variable contributions
from C4 and T2. The nerves of the plexus pass through
the neck and below the mid-point of the clavicle into the
axilla. Many methods of blocking the plexus have been
described using the axilliary, supraclavicular, and infra-
clavicular approaches, and they are described in specialist
texts on the subject. The axillary approach, described
here, is the best studied and is considered to be safer, and
hence the method of choice where analgesia to forearm
and hand are required.63 Continuous block using a
catheter is possible and the infraclavicular approach is
sometimes favored for this, as it is easier to fix the
catheter to the less mobile skin of the chest. Ultrasound-
guided infraclavicular approaches are likely to be safer
than blind techniques and may be faster and more reliable
than nerve stimulator-guided placement.64[II] Supracla-
vicular brachial plexus block has been little used in chil-
dren, except in expert hands, due to the need to inject in
close proximity to the pleura and vital structures of
the neck; nevertheless, case series have demonstrated its
feasibility.65

Axillary approach: anatomy

The three composite cords of the brachial plexus are
closely related to the axillary artery in the axilla. The
nerves and artery are ensheathed in fascia forming a
number of compartments which are discontinuous with
those above the clavicle, limiting spread of the local
anesthetic solution.

Method

In the supine position, the arm is abducted to 901 with
the elbow flexed. The axillary artery is palpated with the
index finger high in the axilla and overlying the humerus
against which it can be compressed. The finger is moved
along the artery to the mid-point of the axilla and the
regional block needle (attached to a short extension tube)
is inserted just above this point towards the artery until it
enters the fascial sheath, identifiable by a sudden reduc-
tion in resistance. The location is confirmed by observing
pulsations of the unsupported needle and failure to
aspirate blood before injection. A catheter can also be
located in this position to allow reinjection or infusion of
local anesthetic. If the artery is unintentionally entered, it
should be transfixed and two injections made one on
either side, followed by compression of the vessel to avoid
hematoma formation.

Local anesthetic solution with 0.5mL/kg of 0.25 per-
cent bupivacaine or levobupivacaine, or 0.2 percent
ropivacaine is followed by further injections or an infu-
sion not exceeding the maximum recommended doses of
local anesthetic.

Intercostal and paravertebral nerve block

Cutaneous segmental sensory innervation in the thorax
and upper abdomen is supplied by consecutive intercostal

Chapter 39 Procedures for pediatric pain management ] 471



nerves that can be individually blocked by one or more
injections, or more commonly by the use of catheters in
various sites in order to provide more extensive and
continuous analgesia. These techniques are used for rib
fracture, post-thoracotomy pain, or localized pain of the
chest wall.

Intercostal block

Classical approaches to the intercostal space have been
used successfully in children; the mid-axillary line
approach is the most commonly chosen. The child lies in
the lateral position with the arm extended to above the
head and the mid-axillary line identified. The lower edge
of the rib corresponding to the nerve is marked in the
mid-axillary line and using a short-bevel 22- or 25-gauge
needle advanced at right angles to the skin until it strikes
the lower edge of the rib. The needle bevel cephalad is
slightly withdrawn and then advanced until it passes
immediately below the lower edge of the rib and a slight
loss of resistance is felt. 0.05–0.1mL/kg of LA with
vasoconstrictor is injected into each intercostal space
(maximum 2mL per space).

Catheter techniques

� Subcostal. A catheter placed in one or more
intercostal spaces allows infusion of local anesthesia.

� Paravertebral block. Local anesthesia in the
paravertebral space, which exists between T1 and T12
where it is obliterated by the psoas muscle, allows
unilateral multiple spinal segments to be blocked by
a single injection. Catheters in the paravertebral
space allow infusion of local anesthetic and extended
analgesia which may be comparable to epidural
blockade.

Anatomy

As in the adult, the paravertebral space in children is a
potential space communicating from T1 to T12 lateral to
the thoracic vertebral bodies. Dorsally, the space is limited
by the transverse process of the vertebra and the costo-
transverse ligament, anterolaterally by the parietal pleura.
The space contains the intercostal nerve and thoracic
sympathetic chain, as well as the intercostal vesels.

Method

In the lateral decubitus position, a Tuohy needle is
inserted about 1 cm lateral to the vertebral spinous pro-
cess and advanced perpendicularly until contact is made
with the transverse process. The needle is withdrawn
slightly and then ‘‘walked’’ along the transverse process
either above or below where it is advanced close to the
bone. The paravertebral space is detected by loss of
resistance on piercing the costotransverse ligament and
injection made and a catheter inserted. For thoracotomy,
puncture should be at T5/6 and for abdominal surgery
(unilateral incision), at T9/10. A catheter can also be

placed directly in the paravertebral region during thoracic
surgery.

Local anesthetic solution using bupivacaine 0.25 per-
cent, 0.5mL/kg is followed by infusion of 0.2mg/kg per
hour.

CENTRAL NERVE BLOCKS

Epidural analgesia

Neuraxial spread of solution in the epidural space allows
relatively extensive analgesia for a given dose of analgesic.
The toxicity of LA means that dose limits must be strictly
observed and so neuraxial analgesia has distinct advan-
tages, especially in the very young. The duration of action
of epidural LA is relatively extended in comparison with
peripheral nerve block and intrathecal block, but does not
exceed four hours even with the longest acting drugs.
Catheters can easily be placed into the epidural space and
considerable experience has been gained of prolonged
epidural analgesia by infusion of local anesthetic. The
duration of action of single-shot caudal or lumbar epi-
durals can be extended by drugs with an additive neur-
axial effect, e.g. opioids, clonidine, or ketamine.

Caudal approach: indications

Caudal analgesia is effective for surgery below the
umbilicus including abdominal, perineal, and lower limb
procedures. Caudal analgesia is particularly strongly
indicated for circumcision, hypospadias surgery, orchi-
dopexy, and inguinal hernia repair.4[II]

Anatomy

Ossification of the five sacral vertebral segments begins
with the two lowest at the age of about 18 years and is
complete by the end of the second decade. The sacral
hiatus is a defect in the fifth verebra and it is covered by
ligaments, subcutaneous fat, and skin. The size of the
hiatus decreases with maturity and may become ossified
in the adult. The sacral canal contains the distal (caudal)
epidural space, cauda equina, dura extending to S3 at
birth and S2 in childhood. Identification of the sacral
hiatus is usually easy in infancy and childhood. It is
palpable as a soft depression between the sacral cornua of
S5. It is also located at the apex of an equilateral triangle
whose base is between the posterior iliac spines. An
alternative approach, with the child in the lateral position,
is to find the hiatus at the midline intersection of a line
drawn perpendicularly from the greater trochanter of the
femur when the leg is flexed at the hip.

Method

Once the hiatus is located, under aseptic conditions, a
needle is inserted through the skin in the midline at an
angle of 451 aiming cranially. There is a sudden change in
resistance as the needle passes through the relatively dense
membrane and into the space. Intravascular or intradural
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location of the needle are excluded by gentle aspiration on
the needle and by removing the syringe from the needle
for 30 seconds or longer. An intravascular canula (22
gauge) can also be used, which is gently advanced over the
needle for 2 or 3 cm once the space is entered.

The extent of local anesthetic block depends on the
volume of solution injected (see Table 27.7 in Chapter 27,
Acute pain management in children in the Acute Pain
volume of this series). Other analgesics used alone or in
combination with caudal local anesthetic include cloni-
dine 1–2 mg/kg, ketamine 0.5mg/kg, and opioids, e.g.
morphine 20–50 mg/kg in preservative-free solutions.

Alternatively, a catheter can also be advanced into the
caudal space and for some considerable distance higher, if
it is desired to reach lumbar or thoracic epidural seg-
ments. The relatively short and straight spine of neonates
and infants allows the catheter to be reliably sited at the
required level. Catheter location can be confirmed by
radiography using a small amount of radiographic con-
trast if required. Special catheters have been devised
which will allow their location to be confirmed either by
electrical stimulation, electrocardiogram (ECG) guidance
or ultrasound.66, 67, 68

Lumbar and thoracic epidural analgesia

Indications

Epidural analgesia is effective for major surgery of the
thorax, abdomen, spine, and lower limbs. It is particularly
indicated in patients with potential respiratory compro-
mise or where muscle spasm is likely to be a problem
postoperatively.

Anatomy

The principal surface landmarks and technique of epi-
dural analgesia are similar at all ages except that vertebral
column is less curved and intersegmental distances are
much less in early life. In the neonate, the pelvis is rela-
tively flat and therefore a line drawn vertically between the
anterior superior iliac crests in the lateral position crosses
the border of L5/S1 in the neonate and the vertebral body
of L5 in young children. Lack of sacral ossification also
means that it is possible to access the epidural space
through the sacral intervertebral spaces. The supraspinous
ligament and the ligamentum flavuum are much softer
and less readily identifiable in childhood and they are
incapable of supporting the weight of a standard Tuohy
epidural needle, which must therefore be supported at all
times during the procedure of catheter insertion.

Technique

In children, general anesthesia is a prerequisite with full
cardiorespiratory monitoring. An 18-gauge Tuohy epi-
dural needle is suitable for all ages and shorter versions of
the needle are available for children less than 10 kg (one
year of age). Nineteen-gauge needles are also available and
preferred by some practitioners for very small infants and

neonates, but the fine 23-gauge epidural catheter which
must be used with this needle is prone to technical pro-
blems. It is not necessary to fluid preload children less
than six years old, but blood pressure and heart rate
should be monitored throughout.

Identification of the epidural space

A technique of loss of resistance (LORT) to continuous
pressure on a ‘‘low friction’’ syringe filled with saline is
preferred by most practitioners, but many modifications
have been described.47, 69, 70 Air is not recommended to
detect loss of resistance in children due to the risk of
venous air embolus, unblocked dermatomes due to air
pockets in the epidural space, and a possible association
with neurological damage. Dural tap or accidental pene-
tration of the dura has been reported in children, but the
incidence is very low if the above technique is used to
locate the space.28 The use of an epidural test dose is
controversial; epinephrine-containing solutions may
detect intravascular injection, but high rates of false-
positive and false-negative tests have been reported. Pre-
vious estimation of the depth of the epidural space may
be helpful and a number of formulae have been suggested;
however, interindividual variation is common. In the
neonate, the lumbar epidural space is between 0.4 and
1.5 cm from the skin, depending on approach. Under six
months of age, there is little correlation between depth,
age, and weight. In older infants and children between six
months and ten years, 1mm/kg is a good approximation,
or depth (cm) = 110.15 � age (years), and depth
(cm) = 0.810.05 � weight (kg), respectively.71, 72

Epidural catheters

An epidural catheter, if indicated, is placed through the
needle. A standard 21-gauge catheter is preferred, and a
minimum length of 4 cm is normally left in the space as this
reduces the chances of dislodgment of the catheter due to
movement.73 The catheter should be fixed at the skin using a
clear plastic dressing such that the entry site can easily be
inspected later, it is usually also taped to the child’s back as
far as the shoulder. Minor technical complications are
common, particularly occlusion and kinking of fine cathe-
ters; disconnection and dislodgment also occur more fre-
quently in pediatric practice. The use of larger catheters
where possible, experience and improved fixation technique
should reduce these to a minimum. Retrograde leakage of
the infusate back to the insertion site also occurs, but does
not usually reduce efficacy. The infection rate of epidural
catheters is low, even when located below the nappy line.
Slight redness at the insertion site is common, inflammation
with redness and swelling or visible pus is an indication for
removal of the catheter, skin swab culture, and appropriate
antibiotic therapy if indicated.74

Epidural drugs and infusions

Drugs, doses, and infusion rates for epidural analgesia are
given in Table 39.8. An initial dose of local anesthetic,
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with or without opioid, is followed by a continuous
infusion of the solution. For intraoperative use, con-
centrated local anesthetic solutions, e.g. levobupivacaine
0.25 percent, are usually required initially to establish a
sensory-motor block; for postoperative or other acute
pain, analgesia can be provided by more dilute solutions.
Augmentation of analgesia using opioids is common;
morphine, hydromorphone, and fentanyl are all popular.

Patient-controlled epidural analgesia (PCEA) is used in
some centers. Epidural solutions are similar to those descri-
bed previously. A small continuous ‘‘background’’ infusion of
0.2mL/kg per hour together with demand doses of 1–3mL
with a lockout of 15–30 minutes has been suggested.75

Complications

Accidental intravascular injection, unwanted motor
block, and toxicity due to accidental overdose or cumu-
lation of LA after prolonged infusion can all occur.
Meticulous technique, monitoring, and frequent review of
infusion rates should minimize these problems.

Inadequate analgesia may be due to a poorly located
catheter or inadequate spread of local anesthetic; tachy-
phylaxis also occurs. Relocation of the catheter by judi-
cious withdrawal of a short (1 cm) length, increasing the
volume or strength of the analgesic infusion, or the
addition of adjunctive neuraxial analgesics may help.

Epidural local anesthetic–opioid combinations are
popular, but improvements in analgesia are obtained at
the expense of the introduction of opioid-related com-
plications. Sedation, respiratory depression, and itching
can be treated with small doses of naloxone; nausea and
vomiting is managed with antiemetics.

Retention of urine is a bothersome complication of
epidural analgesia that occurs more frequently when
opioids are used, when thoracic dermatomes are blocked,
and in older children. Prophylactic urinary catheteriza-
tion is indicated for high-risk groups, otherwise urine
output is monitored.

Long-term neurological complications following epidural
analgesia are very rare, occurring at an estimated maximum
rate of 1:10,000, which is comparable to that in adults.49, 76

Monitoring during epidural analgesia

Staff caring for patients with continuous epidural
analgesia should receive appropriate training, be aware of

the potential complications and competent to manage
them. In addition to cardiorespiratory monitoring,
assessment of pain, and sedation, a regular estimation of
the dermatomal height of sensory block and presence and
degree of motor block should be undertaken. The inser-
tion site of the catheter should also be inspected at least
daily for signs of infection or dislodgment. Cardio-
respiratory monitoring is usually continued for 24 hours
after cessation of the epidural if opioids have been infused
as delayed respiratory depression has been reported.77
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KEY LEARNING POINTS

� Pain represents a complex mind/body process and

therefore effective treatment approaches must address

both physiological and psychological aspects of the pain

experience.
� Mind/body treatments such as hypnosis and biofeedback

represent time and cost-effective strategies for treating

pediatric pain (acute and chronic).

� Mind/body techniques offer a way to teach children and

adolescents about self-regulation abilities.
� Appropriate training in mind/body techniques for

healthcare professionals working with children is

important and readily available through a number of

professional organizations.

INTRODUCTION

The pain experience is inherently psychophysiologic in
nature. It always includes both a biologic, objective
component – the actual tissue damage, inflammation,
or insult – and an affective, cognitive, subjective com-
ponent – the experience of discomfort, suffering, and the
attribution of the sensation as painful and unpleasant.
Self-regulation techniques, such as hypnosis and bio-
feedback, represent integrative approaches that directly
address this essential mind–body unity.1

Hypnosis, biofeedback, and related self-regulation
approaches have come to the forefront as evidence-based,
practical, and potent therapeutic strategies2, 3, 4 for chil-
dren and adolescents with a variety of acute, recurrent,
and chronic pain problems (Boxes 40.1 and 40.2). In
addition, because these strategies tap into children’s
innate developmental drives for mastery, fantasy, and
curiosity, they serve as ideal vehicles for teaching children

to actively help themselves through pain and associated
anxiety symptoms.5

This chapter covers some key pediatric concerns in the
pain research literature and provides in-depth clinical
applications with illustrative case examples of hypnosis
and biofeedback as prototype mind/body strategies for
children and adolescents to manage acute and chronic
pain. The chapter includes a discussion of the theoretical
rationale and commonalities of mind/body techniques in
therapeutic practice, the limitations for their use, and
closes with information about certification and training.

Definitions

Self-regulation (or mind/body) skills are defined as psy-
chophysiological strategies that use focused attention and
self-directed practice to train a person to identify and
control unwanted symptoms by modifying undesirable



physiologic responses, behaviors, and thought patterns so
that a desired level of health and wellness may be
achieved. Applied psychophysiology is the area of study
that examines links between behavioral/emotional/cog-
nitive phenomena and physiologic response patterns.6

Ongoing research suggests that mind/body techniques
elicit responses via the psychoneuroendoimmunologic
axis.7

A number of mind/body methods fall into this area
(Table 40.1). The term mind/body techniques (or skills)
has become widely accepted as a way to describe this
broad domain of strategies using a variety of techniques
to facilitate the mind’s capacity to affect bodily function
and symptoms. These techniques are seen as increasingly
important in the management of acute and chronic pain
and can be integrated with pharmacologic strategies
effectively.8, 9, 10

Developmental issues

Traditionally, young children have been regarded as too
young to understand their physiological processes and too
immature to cooperate and learn how to modify them.
The concept that young children can regulate their pain
sensation and perception may seem radical, but it is well
within a preschooler’s ability.11 Adapted to each stage of
development from the age of three to the teenage years,
self-regulation methods such as bubble blowing, regulated
breathing, relaxation techniques, imagery, hypnosis, and
biofeedback methods (using videogame-style computer
software), can be taught to children in pain or who are
anticipating pain and distress.

It is essential to correctly gauge each child’s emotional
and cognitive age so that age-appropriate language is
used, level of understanding is determined, and the
therapeutic partnership is productive (not confusing or
boring).12 Chronological age is not always an accurate
measure, as anxiety and pain tend to make a child regress
in areas of social, emotional, and behavioral functioning.
Consequently, the clinician must be creative and sensitive,
and must observe the child closely during the introduc-
tion to select the best-suited self-regulation method and
then adjust the direction and coaching to the changes in
the child.12 This becomes more challenging when the
techniques are used to modify pain perception during
medical procedures. Under these conditions, the clinician
must coordinate with the team and pace the child to
maximize self-coping during the more painful part of the
procedure.

With developmentally appropriate language, adequate
support, and trust, children of all ages can learn coping
and self-regulation skills to reduce pain and anxiety for
surgery, invasive medical procedures, chronic diseases,
and recurring painful conditions.2, 3, 5, 13, 14, 15, 16 What-
ever the child’s age, when successfully integrated by the
child as a way of dealing with pain and discomfort, these

Box 40.1 Examples of pain-related
conditions for which mind/body
approaches are helpful

� Acute pain
� Burns
� Cancer
� Chronic/recurrent pain
� Complex regional pain syndrome type I

and II (formerly: Reflex sympathetic
dystrophy)

� Gastrointestinal problems (severe constipation,
encopresis, functional abdominal pain, Irritable
bowel syndrome)

� Headache: migraine, tension type, or
mixed

� Human immunodeficiency virus (HIV)/
acquired immune deficiency syndrome
(AIDS)-associated pain

� Juvenile rheumatoid arthritis
� Myofascial pain
� Neuromuscular disorders
� Orthopedic conditions
� Pain related to chronic medical conditions

(cancer, cystic fibrosis, diabetes)
� Raynaud’s syndrome
� Sickle cell anemia
� Somatization/somatoform disorders

Box 40.2 Examples of painful medical
procedures for which mind/body
approaches are helpful

� Bone marrow aspiration
� Biopsies
� Dental procedures
� Dressing changes
� Finger prick
� Gynecological examination
� Intramuscular drug application (obsolete for

analgesia!)
� Lumbar puncture
� Port-a-Cath needle access
� Subcutaneous drug application
� Trauma management
� Preoperative/perioperative interventions
� Procedural pain
� Surgical/orthopedic procedures
� Sutures
� Throat culture
� Venipuncture/intravenous placement
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methods have long-term benefits15 and can be used
throughout the person’s life for other incidental or acci-
dental pain, well beyond the original reason for the pain
management referral. When well established in the child’s
repertoire, these active, self-directed coping skills can also
play a crucial part in easing the approach to death, as part
of the palliative therapeutic regimen. Self-regulation
training provides children with the opportunity to
experience mastery and control, even when external
obstacles seem insurmountable.

Integrative approaches to pediatric pain
management

The term ‘‘integrative’’ refers to the blending of all rele-
vant therapeutic interventions – conventional and com-
plementary-biological and psychological – to fit each
patient’s needs and preferences for effective pain and
symptom management. State of the art pain management
in the twenty-first century demands that pharmacological
management is no longer the sole approach to the man-
agement of a child’s pain and suffering.4, 10, 16 Physical
and psychological responses to acute pain during child-
hood are interrelated and may affect short-term health
directly as well as influencing the development of chronic
pain later in life.

A comprehensive, holistic approach to manage a
child’s pain requires combining the most appropriate
pharmacological intervention with a variety of other
options including physical methods (such as cuddle/hug
from family, massage, transcutaneous electric nerve sti-
mulation (TENS), comfort positioning, heat, cold, etc.),
mind/body techniques (such as biofeedback, hypnosis,
abdominal breathing, distraction) as well as modalities
such as acupressure/acupuncture, music therapy, and
aromatherapy as deemed most appropriate for the

individual child. In most cases, utilizing behavioral
techniques for management of acute pain and distress
does not add significant time and in certain situations can
actually decrease the time required for an uncomfortable
procedure.8 A recent study by Zeltzer et al.9 supported an
integrative approach for children with a variety of chronic
pain conditions, which combined hypnosis and acu-
puncture. Children receiving six weeks of weekly sessions
with the combined approach were noted to experience
less pain and functional impairment and 490 percent of
the pediatric subjects involved (ages 6–18 years), found
this treatment combination acceptable.

Anxiety, fear, and pain

Even in the best of situations, because of the intrinsically
disturbing nature of experiencing pain, children may
become sensitized and develop specific fears or more
generalized anxiety about medical procedures and inter-
ventions perceived to cause pain.16, 17, 18 Successful pain
management almost always includes interventions for the
anticipatory anxiety component of pain. There is a reci-
procal relationship for most individuals between pain and
anxiety-interventions whereby less anxiety may dramati-
cally decrease pain and vice versa. Therefore, completion
of a thorough pain history, reviewing previous pain
experiences, family and cultural pain attitudes, and
comfort preferences, is important. Mind/body therapies
can be utilized to address both the anxiety and the pain
experience simultaneously.

One helpful and important way to promote comfort
and reduce distress for children experiencing pain is to
appropriately recognize and support parental involve-
ment. A recent review of the literature on the role of
parental presence in the context of children’s medical
procedures by Piira et al.19 underscores this theme. The

Table 40.1 Some examples of mind/body strategies.

Strategy Description

Hypnosis (mental imagery) An altered state of awareness usually, but not always, involving relaxation during which participants

experience heightened suggestibility

Biofeedback The use of electronic or electromechanical equipment to measure and then feedback information about

physiologic processes which can then be modulated by the individual in desirable directions

Breath control training Teaching paced, diaphragmatic breathing technique for relaxation purposes

Progressive muscle

relaxation

Sequenced tensing and relaxing of various muscle groups in the body for the purpose of enhanced body

awareness and relaxation

Self-monitoring Using symptom dairies, visual analog scales and related tools to keep track of one’s physiological and

psychological events and changes over time

Positive self-talk A component of cognitive-behavioral therapy, involves teaching the awareness of negative, inaccurate, and

unhelpful thought patterns and cultivation of positive, helpful internal thoughts

Meditation Defined as the intentional self-regulation of attention with a systematic mental focus on particular

aspects of inner or outer experience

Autogenics Repetitive, systematic, hypnotic-like self-suggestions about the body becoming warm, heavy, and relaxed

480 ] PART II THERAPEUTIC PROTOCOLS



authors point out that although overall findings are
mixed, it is appropriate for care providers to provide
parents with the opportunity to be present during their
child’s painful procedure. Clinical experience suggests
that when trained and provided with a defined, clear role
in these situations, parents can be an invaluable resource
in supporting their child in these challenging encounters.

Benefits of mind/body skills training

Clinical experience suggests that there are substantial
advantages for children and adolescents who learn and
practice mind/body skills. Their active participation in
the therapeutic process leads to greater maturity and
independence in managing their pain symptoms,
enhanced self-confidence, reduced disabling effects of
recurring or long-term pain, and increased ability to
participate in normal daily activities. There is consistent
clinical evidence that children learn these methods
more rapidly than do adults, and generally children are
more adept than adults in using hypnotherapy for control
of pain. Children are also more proficient at physiologic
control, as described by Attanasio et al.20 and confirmed
by others. Thus, children are excellent candidates for
self-regulation training.

More has been written about the use of mind/body
methods with adults than with children and adolescents.
However, over the last 20 years, there has been a notable
increase in the demand for training in the clinical appli-
cation of pediatric mind/body methods within children’s
hospitals worldwide by pediatric healthcare professionals,
including nurses, psychologists, pediatricians, anesthe-
siologists, and child life specialists. In the last ten years,
the number of attendees and requests for mind/body
training workshops by professional organizations, such as
the Society for Developmental and Behavioral Pediatrics,
the American Clinical Hypnosis Society, Professional Pain
Societies and the Association for Applied Psychophysiol-
ogy and Biofeedback, and Biofeedback Foundation of
Europe, has notably increased. The practical benefits and
ease of implementation of self-regulatory methods within
pediatric settings is making them acceptable and more
commonly practiced in North America, Australia, and
western Europe. Parents are increasingly interested in
mind–body, nondrug approaches for their children.

CLINICAL APPLICATIONS OF MIND/BODY
TECHNIQUES

This section proceeds with definitions, case examples, and
descriptions of treatment approaches for foundational
mind/body strategies – progressive muscle relaxation,
diaphragmatic breathing, hypnosis, and biofeedback. The
section also defines and describes the phenomenon of
hypnoanalgesia.

Basic relaxation skills

MUSCLE RELAXATION TECHNIQUES

General muscle relaxation is a pleasant experience for
children aged five to six years and older as a step in the
self-regulation training of physiologic pain processes.21

With younger children, relaxation generally happens
automatically. As a general rule, they do not yet have the
degree of kinesthetic awareness to control and release
specific muscle groups without an active biofeedback
signal. Of course, there are individual differences, and if
physical tension is a concern for a child younger than six,
the ‘‘Raggedy Ann’’ doll game is developmentally appro-
priate to teach relaxation without the child having to lie
down and close their eyes.

Demonstrating with a floppy doll how each of her
limbs flops and her body bends and hangs down com-
fortably, the preschool child is encouraged to imitate the
doll with floppy arms and legs and finally to hang loosely
over the arm of the clinician ‘‘like a floppy, happy Rag-
gedy Ann.’’ Parents and the child are then instructed to
practice being a floppy Raggedy Ann before the feared
procedure, or when the child gets pain, so that it does not
hurt as much and the pain can drain away.

Muscle tightness and muscle group asymmetries can
cause and/or contribute to a variety of pain conditions.
Muscle relaxation helps children to become more aware of
their bodies in helpful ways, and to refocus and relax.
Alternating sequentially through the body between tigh-
tening and relaxing different muscle groups, children are
taught discrimination and control of areas of muscle
tension. After completion of several rounds of squeezing
and letting go, many older children and teenagers are able
to discharge excessive nervous and muscle tension,
improving their level of comfort.

An alternative and less demanding relaxation techni-
que is to cover the older child with a blanket and invite
him or her to ‘‘Close your eyes and let the relaxation
begin to seep into your body.’’ Starting at the child’s toes,
move slowly up the body and describe each part of the
body becoming ‘‘heavier, warmer, and more relaxed.’’
Over a five- to seven-minute period, slowly guide the
child’s attention to the growing comfort and release that
is occurring in their body, particularly in and around the
areas of pain or ache. Making an audio recording of this
enables the child to regularly practice relaxation,
increasing the ability to release muscle tension, pain, and
discomfort. This method is particularly helpful for bed-
ridden children who are compromised by disease, surgery,
treatments such as during bone marrow transplantation,
or who are in end-of-life care.

DIAPHRAGMATIC BREATHING

Regulated and rhythmic diaphragmatic breathing is an easy
first step to teach the beginnings of self-regulation11, 13, 22
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and yields immediate results in ‘‘being boss of your own
body.’’ Little preparation is required, and as such it is useful
in first encounters with a fearful child in an acute or
procedural pain situation. To start, the child is instructed
to ‘‘exhale’’ rather than the conventional request to
‘‘inhale.’’ Releasing breath allows a frightened child to ‘‘let
go’’ tension and then breathe in more deeply. Emphasizing
‘‘Blow out slowly!’’ interrupts mounting anxiety and
enables the child or teenager to gain a modicum of
self-control.

Physiologically, acute pain and acute anxiety are man-
ifested as a shift into sympathetic arousal, and are seen
behaviorally in the child’s shallow rapid breathing, some-
times hyperventilation, increased muscular tension, atten-
tional vigilance, and often whimpering or tears. The
instruction to ‘‘Breathe out the pain – blow it far away!’’
interrupts the mounting fight or flight response. Main-
tained over three to five exhalations, with encouragement
to slow these exhalations down, physiological markers
change. The child’s breathing shifts from quick and shallow
chest breathing to deeper diaphragmatic breathing, which
is more relaxing. We typically recommend asking children
to breathe in through the nose and then out through the
mouth, slowly and effortlessly. Children report feeling
more in control and less overwhelmed by the pain, anxiety,
or panic as they control their breathing. This physiological
shift can be achieved and stable within five minutes and
hence is ideal for blood draws and intravenous (i.v.)
injections. Breathing at a rate of five to seven breaths per
minute for most people seems to promote an optimal state
of autonomic nervous system (ANS) balance.

One interactive, child-friendly way to teach relaxation
breathing is by using props such as pinwheels and bub-
bles.13 With children ten years and under, blowing bub-
bles is a more child-centered way of placing the child in
charge of the process, maintaining the breathing, and
diverting attention away from the pain onto the task of
creating, tracking, and counting the bubbles. This tech-
nique has surprised us with its usefulness, particularly for
immunizations and other minor painful pediatric pro-
cedures. Furthermore, bubble blowing and regulated deep
breathing establishes the concept of self-regulation and
the awareness of how to modify body responses. It has
been effective with toddlers and preschoolers in acute

pain, for anticipatory anxiety prior to a procedure, or
during invasive medical procedures.

Hypnosis

DEFINITIONS AND BACKGROUND

Hypnosis involves cultivation of an altered state of
awareness, leading to heightened suggestibility, that allows
for changes in a child’s perception and experience of pain
without complete conscious effort.2 It is an internal ima-
ginative process that differs from other techniques such as
distraction, which focuses the child’s attention on external
objects. Hypnosis uses the child’s imagination as the agent
of change. The clinician enters the child’s world, using the
child’s frame of reference and language to create an alter-
nate experience, then addresses the pain through sugges-
tions for altering sensations and increasing comfort. As
such, the therapeutic process of hypnosis is in step with the
apparent involuntary nature and manifestation of pain.
The stages of hypnosis are shown in Table 40.2.

The therapeutic use of hypnosis for pain is clinically
highly valued. It has been said that there is no other
psychological tool so efficacious in creating comfort out
of discomfort yet with none of the adverse side effects
associated with medical treatments of similar efficacy.

The goal of using hypnosis during pain is to:

� eliminate fear and passive coping by increasing the
child’s understanding of pain signals;

� reduce the intensity of the pain and/or create
distance from the pain, altering its distressing impact;

� retrain the nervous system to alter the experience of
pain and its role in a child’s functioning.

A hypnotic trance state is an altered state of consciousness
in which perception, memory, emotions, and sensation
can be therapeutically changed. To ease a child’s pain, a
trance is created during which the following occur:

� the child’s attention is intensified and narrowed
during hypnotic inductions and imaginative
involvements to create an alternate or competitive
experience;

Table 40.2 The stages of hypnosis.

Stages of hypnosis

Induction Initiating the experience of hypnosis typically by practicing a procedure or activity that narrows and focuses

attention, evokes curiosity and/or that facilitates relaxation

Deepening Intensification of the trance experience utilizing various strategies such as imagery, sensory awareness,

relaxation

Therapeutic suggestion Suggestions – direct, indirect, metaphorical – about creating desired therapeutic change

Re-alerting The client returns to their usual state of awareness

De-briefing Discussion of the experience, planning for the ongoing practice of self-hypnosis and arranging follow-up
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� suggestions for positive change that are immediate or
posthypnotic are provided;

� the pain sensations are positively reframed to have a
signal value, directing the child to the area where
pain perception can then be modulated;

� time distortion may be experienced for long-term
benefit and to reduce fatigue.

HYPNOANALGESIA

The term hypnoanalgesia refers to the facilitation of
decreased pain sensation within the hypnotic state. Much
of the evidence for the effectiveness of the use of hyp-
noanalgesia has been derived from studies in acute care
settings,2, 17, 18, 23, 24, 25, 26 as well as treatments for proce-
dural pain in oncology treatments27, 28 addressing the
pain and distress associated with lumbar punctures and
bone marrow aspirations for children with leukemias or
other medical procedures. A number of studies highlight
the usefulness of hypnosis for acute procedural pain and
associated distress, as detailed below.

� Goldie,18 in one of the earliest controlled studies
with hypnosis, used hypnoanesthesia in the
emergency room during surgery for patients aged
three to seven years. When hypnosis was used,
Goldie noted a significant reduction in the
percentage of patients needing pharmacotherapeutic
analgesia or anesthesia for suturing and the
reduction of fractures.

� Over the intervening years, there have been a
number of studies on the use of hypnosis as an
adjunct to pediatric anesthesia in order to decrease
the use of preoperative medication, to enable greater
ease during anesthetic induction, to reduce the
amount of anesthesia and requirements for analgesics
postoperatively, and to increase postoperative
comfort.23, 24

� In a prospective, controlled, randomized trial
comparing hypnoanalgesia with propanolol and
placebo, Olness et al.29 found that the use of
hypnosis was significantly more effective in reducing
the frequency of headaches than either propranolol
or placebo, which did not differ from each other.

� Butler et al.8 utilized hypnosis training for a group of
children undergoing voiding cystourethrogram
(VCUG) radiographic procedures and who had
previously experienced distress with that procedure.
After brief training in a hypnotic exercise, the child
was then coached during the VCUG procedure itself
by a trained therapist. Compared to a control group
who received standard behavioral approaches, the
hypnosis intervention group displayed less distress as
rated by both parents and medical staff, were more
compliant with the procedure, and on average
required 14 minutes less time to complete the
VCUG.

� Liossi et al.26 demonstrated that children undergoing
lumbar puncture (LP) experienced less anticipatory
anxiety and procedure-related pain when hypnosis
was combined with topical EMLA as an intervention
than when children were given only the topical
EMLA alone or when the EMLA was combined with
attention from a therapist.

� Calipel et al.23 compared midazolam and hypnosis as
a preoperative intervention for children aged two to
eleven years and found that children in the hypnosis
group experienced less anxiety during the mask
induction phase of anesthesia as well as
demonstrating less behavioral difficulty at days one
and seven postoperatively.

� Studies also suggest the efficacy of mental imagery
for functional recurrent abdominal pain.30, 31

Various techniques, metaphors, and therapeutic sugges-
tions can be utilized to facilitate the child’s modulation of
pain experience. Hypnoanalgesia promotes dissociation
from the pain, such as the ‘‘pain switch’’ technique or the
‘‘magic glove.’’13, 14, 15

In the pain switch technique, the child is told how the
brain receives and interprets nerve signals from all parts
of the body:

Right now the nerves in your body are sending a lot
of pain information about your e.g. broken wrist. Your
brain instantly understands these nerve signals, and
sends messages back to the body, that keeps you
aware of the pain. Now, I’m going to teach you how
to focus your attention on the switches in your brain
that control those incoming pain signals so that you
can turn them down. As you do that your body will
receive weaker pain messages and therefore feel less
pain. The more you practice this the better you’ll get
at turning the pain switches down more quickly. And
you’ll feel less pain and be in more control.

During hypnotic induction, the child moves into a trance
and is instructed to focus on the switch inside their brain
that goes to the painful body part. This is the deepening
process of the hypnotic trance. With each deep exhalation
during diaphragmatic deep breathing, the child is guided
to turn down the pain switch as much as possible until
comfort is experienced, or until a satisfactory plateau in
the pain perception is achieved. The child is encouraged
through posthypnotic suggestion to maintain that
decreased pain level, and with each subsequent practice to
achieve greater levels of comfort and pain relief. The child
is then brought out of the trance state.

The criterion for success is that the child feels a sig-
nificant difference between the pain levels during and
after the hypnotic trance. It is important to emphasize
that the goal of the ‘‘pain switch’’ is not to remove all
pain, which is often an unrealistic goal, but to decrease
the perceived pain and to increase the child’s mastery over
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this pain as well as improving daily functional activities.
Obviously, this method has particular value for children
with recurring or chronic pain conditions.

In an emergency – a startling environment for most –
children often spontaneously move into a hypnotic trance
with narrowed absorption and attention to the pain.17 In
this situation, relaxation is not required; rather, a spon-
taneous active–alert trance often occurs. The child in this
altered state of awareness is highly suggestible. The clin-
ician’s task is to recognize and use this spontaneously
altered state of consciousness to diminish pain perception
and distress, and to promote rapid healing.

A simple and highly effective hypnotic intervention for
trauma pain is to talk calmly and directly, defining with
the child precisely where the pain is and where the pain is
not. Defining where it is not is as important as knowing
the areas of pain. It draws the child’s attention to the
limits of the pain. This enables the clinician to provide
suggestions for reducing the area affected by the pain and
for increasing the spread of comfort from the nonaffected
areas. This intervention works synergistically with any
needed analgesics, increasing the efficacy of both.

The therapeutic work is to sustain the child’s absorp-
tion so that they no longer feel overwhelmed. Panic and
anxiety are reduced by providing limits to the pain
sensation, which was feared to be endless.

Case example: hypnoanalgesia

Jonathan, a 14-year-old, traumatically amputated the top
joints of two fingers on his right hand during a wood-
working class. After plastic surgery to reshape tips for
these fingers, he was discharged with paracetamol (acet-
aminophen) with codeine to control his pain. He was
referred for hypnosis by his family physician. Jonathan
was in shock that his hand was forever altered and
experienced throbbing pain in the top of his digits, which
he rated six out of ten. In the first session, he was trained
to use the pain switch and was able to reduce the pain to
three out of ten. He was also given posthypnotic sug-
gestions for seeing his hand as normal and being able to
use it naturally with comfort and growing ease.

An audio tape was made of the hypnotic process so
that he could practice it as often as he needed during the
subsequent days. His progress was rapid, and on the
second session five days later he reported pain levels of
three and the ability to get the pain down to one using the
hypnotic tape. His hand was continuing to heal well and
he was feeling less self-conscious about displaying it. The
third session was a follow-up two weeks later – Jonathan
reported that ‘‘the nightmare was over.’’ His new finger
tips were somewhat sensitive, but no longer painful, and
he was getting accustomed to using them again. He
planned to return to his passion of drumming.

Case commentary

With the traumatic nature of this injury, the therapeutic
concern was that Jonathan could develop phantom digit

pain. Since the trauma, shock, and pain were addressed
simultaneously, he did not develop this distressing
phenomenon. In acute situations, only a few hypnotic
interventions are needed as part of the pain therapy to
improve the course of recovery.

HYPNOSIS WITH PRESCHOOL CHILDREN

Since hypnosis with preschool-age children is so different
from that with the school-age child and adolescent, it is
not strictly accurate to refer to the experience as true
hypnosis. A better term for the preschooler’s trance is
protohypnosis or imaginative involvement.2 The different
manifestations with the younger child are that:

� closing eyes is invariably associated with going to
sleep – something that most alert or anxious
preschoolers will not willingly do, particularly when
in pain in an unfamiliar environment;

� their grasp of their world shifts fluidly between the
world of fantasy and reality. This is the age of
imaginary playmates and the spontaneous playing
out of fears or concerns;

� younger children do not easily settle and become
still. They are usually unfamiliar with the concept of
relaxing and so instructions ‘‘to relax’’ may be
meaningless;

� their active imagination is often physically expressed
through movement. Their hypnotic trance thus occurs
with eyes open, and sometimes wriggling and moving.

Children under six years old consequently require an
informal, activity-based method during which they are
free to move around. Props such as puppets, teddy-bears,
bubbles, music, or a favorite story can also be helpful in
promoting and maintaining the child’s trance. It is
important to be highly flexible, engaging, and informal,
and to speak in a manner that absorbs attention and not
the quiet soothing tone used with adults.

Despite these differences, children as young as three
years have been found capable of significantly altering
their sensations and relieving pain during painful medical
procedures.11 These effects occur rapidly, and young
children can create partial anesthesia or sensation
alteration within a few minutes. Sometimes, during
hypnosis, the child’s gaze often becomes more fixed – a
sign of greater absorption.

Inviting a very young child to enter a hypnotic trance
to cope with pain requires a creative fit between the type
of pain and the child’s frame of reference.

Case example: preschool child and i.v. pain

Logan, a bright five year old, complained about her
weekly i.v. vincristine treatments in which she gets cranky,
unhappy, and sometimes weepy. The diphenhydramine
she was given only took some of the edge off, so her
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oncologist suggested using hypnosis ‘‘to help the time go
quicker and for her to feel easier about these treatments.’’
Here are some excerpts from the audiotape made with
Logan for her to use during i.v. chemotherapy.

Logan was invited to breathe out and travel inside to
her favorite place. Nodding her head when she was there,
she began reexploring her ‘‘Make-a-Wish’’ trip to a Car-
ribean resort. She was invited to see its Pegasus horses at
the entrance, the aquarium with sharks, manta-rays, and
other surprising underwater creatures. ‘‘There is so much
to see and wonder at, that your whole body can now
begin to feel easy, comfortable, while you have fun at the
same time. Yes with enough time to have fun, time just
goes so quicklyy So that when you’re ready you can get
your bathers on and immediately go down the water slide,
feeling the whoosh so fast, yet feeling so safey and before
you know it your chemo would be over and you can go
home, happy and satisfied that you did well.’’

Case commentary

Time distortion is an inherent potential in the hypnotic
experience. For a child like Logan, who finds chemo
distressing, being able to ‘‘leave’’ the treatment by tra-
veling into her imagination to a favorite experience,
enables a negative situation to be transformed into a more
pleasant alternative. Adding suggestions for ‘‘time going
quicker’’ or being surprised ‘‘how soon it is time to go
home,’’ is a simple but highly effective suggestion to help
taxing situations become more tolerable.

HYPNOSIS WITH SCHOOL-AGE CHILDREN AND
ADOLESCENTS

Fit the trance to the nature of the child’s pain, their
interests, and their beliefs. Gather this information from
the child or adolescent, parent, or nurse and incorporate
it within the trance experience to increase absorption and
improve outcome.

Useful questions to ask are:

� Where would you rather be than here?
� What helped you best when you were in pain before?
� What did you do or think that best helped the pain

to go away?
� Where are your favorite places/what are your favorite

things to do?

Use this information to weave a relevant and absorbing
trance for the child.

� The peak of children’s hypnotizability is from 8 to 12
years.2

� Most children six years or older are able to sit or lie
still, attend, respond to verbal direction, and easily
move into a hypnotic trance. They can close their
eyes and follow the process of relaxing and releasing
muscle tension around the painful site.

� Adolescents’ trances more closely resemble those of
adults: they will often need longer trances for
therapeutic benefit; they take longer to relax and
shift away from present reality and longer to return
back.

� After their hypnotic trances, children often report
their own spontaneous elaborations that reveal the
degree to which the child made the trance his own
relevant experience. These can be included in future
hypnotic sessions.

Case example: school-aged child with headaches

Michael, a somewhat obsessive ten year old, suffered for
three years with frequent tension migraine headaches.
When asked the questions above, he answered that he
would rather be snorkeling in Hawaii. He felt best when
he was away from his sister (significantly, he misheard the
second question) and he did not have anything that
helped the pain go away, which is a common reply from
children with a long history of chronic or recurring pain.

Using a favorite induction method, Michael moved
rapidly into trance and confirmed that he was snorkeling
in Hawaii. He was able to identify the fish that swam by,
the underwater sea life forms he encountered, and con-
tinued to provide minute details of this inner experience
as it unfolded. He was encouraged to let the seawater
wash his headache pain out of his forehead and temples,
and to note that the further he went into the coral reef the
better and better his head felt. Four minutes into the
experience, he reported no headache remaining. With a
posthypnotic suggestion that with each practice the pain
would drain away faster and he would remain headache
free for longer and longer periods, he was invited to
return to the room.

Case commentary

The need for control in this intense, somewhat obsessive,
boy made it appropriate that he take the lead in devel-
oping his trance experience. The more he invested himself
in this experience, the more effective it would be. His lead
would also ensure a quicker relief from pain. Michael
required only one session as follow-up. He remained in
charge of his now infrequent headaches and at follow-up
proudly confirmed that they were ‘‘not a hassle’’ anymore.

Biofeedback

DEFINITIONS AND BACKGROUND

Biofeedback refers to the use of electronic or electro-
mechanical equipment to measure and then feedback
information about physiologic functions.32 The child or
adolescent uses this physiologic information to improve
body awareness and gain control of the selected physio-
logic response in the desired direction. Feedback is
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provided in a variety of auditory, visual, and even mul-
timedia ‘‘game’’ formats that the patient finds most
appealing and understandable. Figure 40.1 shows two
game presentation formats for feedback delivery.

Biofeedback is an ideal self-regulation skill for many
children and adolescents because of its immediacy.

Patients quickly and convincingly see the evidence of
physiologic control and also dramatically see the evidence
for mind–body connections. We have found that children
delight in seeing profound, rapid changes in heart rate,
breathing, muscle tension, and other physiologic para-
meters achieved simply by imagining different situations
(active versus passive activities) or by thinking of different
emotional states (fear versus happiness). With improved
somatic awareness and mastery in physiologic control,
children can truly see that ‘‘a change in thinking causes a
change in your body’s response.’’ Armed with this
confidence, children can take charge of pain-related
symptoms in a variety of ways.5

Early in the biofeedback experience, it is useful to
complete a psychophysiologic stress profile on each child.
This identifies the unique pattern of ANS reactivity (an
individual’s ANS ‘‘fingerprint’’) to different types of
stressful stimuli and their ability to recover from such
stress. During this procedure, the child is attached to
various sensors (temperature, electromyogram (EMG),
electrodermal activity (EDA), heart rate (photo-
plethmysography, PPG), and breathing) and a two-minute
baseline is recorded of one relaxation condition with eyes
open followed by one with eyes closed. The child is then
led through a set of different standardized stressors
(such as: cognitive stressor –doing a rapid series of
age-appropriate math calculations; physical stressor –
controlled painful stimulus such as placing an extremity in
an ice-water bath). After each stressor the subject then
once again relaxes in eyes-open and eyes-closed conditions
to allow for ‘‘recovery.’’ The recording is then reviewed and
the pattern from arousal to relaxation examined.

The profile can be reviewed with the child as a dra-
matic example of mind–body connections and as evi-
dence for their ability to recover from stressors.
Information about preferred response modality helps to
determine which modality to train in subsequent sessions.
For example, some children will be sensitive temperature
responders with rapid and large changes across each
condition in the profile, whereas for others the heart
rate or sweat gland activity (EDA) responds more
dramatically.

Biofeedback adds precision to the self-regulation skills
training experience for both the child in pain and the
clinician.

� Biofeedback therapy is designed to enhance each
child’s sense of mastery and control, promoting a
shift from a more external to a more internal ‘‘locus
of control.’’

� In certain pain-related conditions, such as headache
and Raynaud syndrome, mastering physiologic
change in specific ways to specific thresholds, for
example increasing peripheral temperature to greater
than 921F, is very helpful in reducing headaches.32

� For chronic and recurring pain, physiological control
training via biofeedback builds confidence and often

(a)

(b)

Figure 40.1 Examples of biofeedback technology from

BioTrace software for the NeXus Biofeedback System: (a) The

flower animation displayed here is controlled by the child’s

sweat gland activity (called electrodermal response) which is

directly related to ‘‘stress level’’ or sympathetic nervous activity.

The child is ‘‘rewarded’’ with the action of the flower opening

up, as they are able to relax and reduce sweat gland activity by

lowering arousal. (b) The balloon animation displayed here is

linked to a device measuring the movement of the child’s

abdomen in response to breathing. As the child breathes in and

the abdomen expands, the balloon increases in size. As the child

exhales and the abdomen decreases in size, the balloon deflates.

This sequence is useful in teaching ‘‘diaphragmatic’’ breathing

as a relaxation technique. Screenshots provided by Stens

Corporation (www.stens-biofeedback.com).
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allows the tapering of pain medication. The child
develops more trust in the internal healing ability
and pain coping strategies, and becomes less reliant
on the external help of medication.

� It is highly beneficial in teaching children to control
excessive sympathetic nervous system activity, to
relax tight muscles, and to change dysfunctional
breathing patterns, all of which can commonly be
associated with the anxiety component of the pain
experience.

� Because of its game-like quality, biofeedback is a
user-friendly strategy that is culturally syntonic with
today’s high-technology youth. It provides
immediate, concrete reinforcement with rapid
attainment of skill.

Studies have shown that children are excellent at phy-
siologic control of a variety of physiologic functions and
are usually better than adults.20 Biofeedback is currently
being used in inpatient and outpatient medical settings
and in school-based and community mental health cen-
ters. Biofeedback modalities that are most commonly
utilized are described in Table 40.3.

TEACHING BIOFEEDBACK TO CHILDREN

Biofeedback training with pediatric patients can proceed
in an organized fashion while considering the following
aspects of training.

� Schedule:
– Most children can be taught and coached in

biofeedback techniques within six to eight 40-
minute biofeedback sessions, spaced one to two
weeks apart.

– In the first biofeedback session, the coached
children develop an increase in body awareness
and physiological control, which is immediately
and strongly reinforcing.

– The first three or four sessions are scheduled
approximately one week apart and
subsequent sessions are spaced at two-week
intervals.

� Practice:
– The practicing of these self-regulation and

relaxation skills at home, at school, and in other
relevant settings is emphasized for achieving
succesful results.

– Some patients do best with scheduling daily
practice sessions at home in an organized
routine, for example a minimum of two
five-minute practice sessions at home per day.
Other patients do best with situation-specific
practice, for example ‘‘prior to your math
test, breath deeply and relax your
muscles.’’

– Brief (30 seconds to two minutes) and frequent
relaxation minibreaks are also helpful for children
with persistent pain complaints.

Table 40.3 Biofeedback modalities and abbreviations and explanations.

Modality Abbreviation Explanation

Peripheral temperature (thermography) TMP Measures finger temperature, which serves as an indirect measurement

of ANS balance; the more stress activity (reflecting increased

sympathetic arousal), the less peripheral blood flow, the lower the

finger temperature. Relaxation improves peripheral vasodilation

and increases finger temperature

Breathing (pneumography) PNG Measures abdominal or thoracic movement during respiration utilizing

a ‘‘stretch’’ sensor

Exhaled carbon dioxide level

(capnography)

CAP Measures exhaled carbon dioxide. During hyperventilation persons

drop CO2 below the normal range of 38–42 torr

Heart rate (photoplethmysography) PPG Measures heart rate via finger pulse

Heart rate variability HRV Measures heart rate and related parameters and then utilizes

mathematical calculations to look at the balance of the ANS as

reflected in heart rate acceleration and deceleration effects. Likely

affected by emotional state as well as breathing pattern and rate

Muscle tension (electromyography) EMG Measures muscle electrical activity

Skin conductance/ electrodermal activity EDA Measures sweat gland activity on the hands by measuring relative skin

surface electrical conductance or resistance (which is a function of

the number of sweat glands open or closed). Sweat gland activity is

sensitive to sympathetic nervous system changes

EEG biofeedback or neurofeedback EEG Measures the amount of delta, theta, alpha, and beta waves in various

geographic locations on the brain using scalp surface electrodes
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– Children are asked to keep a daily log or
symptom diary that details practice progress and
describes symptoms using a VAS rating system for
symptom severity.

– Eventually, a number of cues can be developed
with the patient that serve as helpful reminders to
use their chosen pain control technique.

Parental involvement

In the first one or two sessions, parents are invited to
observe in order to get a general sense of the process, what
the practice expectations are, and their role in coaching
their child at home. After that, children are usually invited
to participate alone with the clinician, so that they give
their full attention. This emphasizes their responsibility,
choice, and sense of partnership in participating in the
therapeutic process.

Physiologic modality

A variety of physiologic modalities may be explored to
determine what would be the most responsive to ame-
liorate the pain symptom. For certain patients, the
modality to be trained, for example, temperature, muscle
tension, or breathing, is determined by their particular
pain symptom. For others, the physiologic modality that
is most ‘‘hotly’’ reactive is identified and then trained.
There is some debate within the biofeedback field about
whether training the specific modality is more important
or whether the general process issues are more important.
For certain problems where specific etiologic mechanisms
can be identified, training to that parameter is indicated.

� Migraine headaches have a vascular reactivity
component. Training peripheral finger temperature
to increase to levels above 92–951F on a regular basis
decreases migraine frequency and severity. The
mechanism includes autonomic nervous system
balance changes that may then affect vascular
reactivity patterns and/or neurologic irritability.33

� Chronic tension headaches display tight and/or
asymmetric muscle groups on EMG evaluation in the
neck, face, and shoulders. Training in muscle
relaxation and symmetry can decrease symptoms.33

� Complex regional pain syndrome (CRPS) may
involve sympathetic nervous system (SNS)
dysregulation in the affected limb and blod flow
changes. EDA training to decrease excess SNS activity
and peripheral temperature work to enhance blood
flow can be helpful. As SNS arousal decreases, blood
flow often improves and pain intensity may decrease.

� Raynaud’s disorder involves decreased blood flow to
the hands and feet, causing pain particularly in cold
weather. Peripheral temperature biofeedback training
restores normal blood flow ability and ameliorates
these symptoms.

� Functional gastrointestinal problems such as irritable
bowel syndrome (IBS) and recurrent abdominal pain

are often exacerbated with stress activity. Training
children in heart rate variability (HRV) biofeedback,
peripheral temperature, EDA, or breath control with
PNG can be useful in reestablishing ANS balance and
decreasing symptoms.34

Beyond its value in providing information to the pediatric
patient about their body, biofeedback equipment provides
physiologic data that are helpful for therapy. Some clin-
icians routinely monitor physiologic changes during ses-
sions, but do not initially disclose the information.
Watching SNS activity and changes when talking about
sensitive or uncomfortable topics gives helpful data in
determining which themes, topics, and life experiences
affect the patient and which are particularly distressing or
stimulating. This is particularly helpful with complex pain
or somatization disorders in which the physiologic
monitoring helps to identify possible emotional and other
triggers that, at a minimum, may be exacerbating the
child’s pain.

Physiologic monitoring can also evaluate progress with
other self-regulatory strategies, such as relaxation training
or response to certain types of thematic material or mental
imagery. These data can be reviewed at a later time in order
to facilitate understanding certain response patterns
to pain or to reinforce progress or the possibilities for
change.32

Techniques

In each biofeedback training session, thought is given to
select the visual screen displays and auditory feedback
options that optimally engage and appropriately challenge
each child. Additional therapeutic techniques are used
within any one session and across subsequent sessions.

� Mental imagery is commonly employed to provide
the opportunity for imaginary or ‘‘in vivo’’ rehearsal,
to enhance physiologic change, and to deepen the
relaxation experience.

� Reframing the problem in manageable terms and
with an emphasis on daily function, rather than the
limitations created by the symptom.

� A positive self-talk repertoire is developed
collaboratively to encourage self-efficacy. As with
hypnosis, adjustments to language should reflect each
child’s developmental level, individual interests, and
perspectives.

Case example: biofeedback for headaches

Fifteen-year-old Jenni was referred for chronic daily
headaches, which began eight months earlier when school
started. Previously, she had experienced only occasional
minor headaches. The headaches she reported had con-
tinued, unabated, every day since the beginning of the
school year. Rated on a VAS to be a ‘‘7,’’ Jenni described
them as bitemporal and somewhat diffuse and as occur-
ring each day from the time she awoke until midday. In
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addition, approximately once every two weeks, she would
have a more severe, pounding headache associated with
nausea which she would have to ‘‘sleep off.’’ These were
likely migraine headaches. She was missing school more
often and her mother was concerned. Ibuprofen and
propranolol had not been helpful, and Jenni did not want
to try other medications. Jenni liked school, was a good
student, and had a close group of friends. She thought
stress played some role in the exacerbation of her head-
aches, which had become a topic of frequent discussion at
home.

At the first session, a psychophysiologic stress profile
was completed and Jenni saw with interest that even with
a mild cognitive stressor (she was asked to do some
challenging math problems) her SNS reacted briskly with
a decrease in peripheral temperature, increases in heart
rate and EDA, and changes in breathing. She recovered to
baseline quickly after stress, and this was pointed out as a
healthy sign. She learned a basic progressive muscle
relaxation and mental imagery exercise and how to track
her headaches in a symptom diary.

One week later, at the second session, she brought her
calendar and her ratings had not changed much. Dia-
phragmatic breathing and self-hypnosis on themes of
control, healthy functioning, and decreased pain were
explored and developed. Jenni was encouraged to reframe
her thoughts about headaches and the control they were
exerting over her life and, instead, focus on the things she
enjoyed doing and could do.

At the third session, Jenni noted she had begun to
experience a drop in her daily pain ratings from an
unchanging ‘‘7’’ on her VAS to an occasional ‘‘4–6 range’’
rating on some days. She reported that she forgot about
headaches altogether while doing her self-hypnosis prac-
tice. She had had one probable migraine event that week
and had missed one day of school. Her mother also
commented that Jenni seemed to be talking less about her
headaches at home. At this session, the link between
peripheral (finger) temperature and headaches was
explored with Jenni. Her baseline finger temperature
(nondominant hand, index finger) was 781F. With direct
visual feedback using a colorful pyramid display, Jenni
was able to increase finger temperature to 901F after eight
minutes of relaxation. Specific images about warmth and
blood flow were explored as another way to facilitate the
finger-warming phenomena. Jenni was given temperature
bands for home training and instructed in their use, so
she could see the same benefits and success with her home
practice.

By the fourth session, Jenni was doing much better and
had experienced several headache-free days and no
migraine episodes. With home training combining
breathing, self-hypnosis, and muscle relaxation, she was
consistently achieving finger temperatures of 90–921F. At
long-term follow-up a few months later, she had only rare
headaches and was utilizing her self-management skills in
both preventative and abortive modes for headache

control. She felt confident about her pain control skill,
and no longer felt the need to use medication.

Case commentary

The literature supporting biofeedback and relaxation
skills training as effective for relieving juvenile migraine
and tension-type headaches is quite robust. Randomized,
controlled trials and meta-analyses have described the
long- and short-term benefits of self-regulation training
as being superior to pharmacotherapy.29, 33 Bifrontal
EMG and peripheral temperature training are particularly
successful, although the mechanisms by which they effect
therapeutic change are not completely understood.

Children and adolescents with chronic, mixed head-
aches, such as in Jenni’s case, can be the most refractory
to any treatments. Self-regulation training coupled with
effective education about mind–body links and stress
management are key ingredients for success. In our
experience, the majority of children who suffer from
migraine can taper or eliminate medication use, whether
it be abortive or preventative medication, after self-reg-
ulation training. Decreased reliance on medication and
increased self-efficacy are the keys to a successful outcome
for this complex pain problem.

Case example: biofeedback for needle phobia

Abbi, a 12-year-old girl, was referred for self-regulation
training to control severe needle phobia. She needed
immunizations within a few weeks to go on a family
overseas trip, and the referring pediatrician had been
unsuccessful in gaining Abbi’s cooperation for these
vaccinations. She screamed and cried uncontrollably at
the doctor’s office and her parents and professional staff
were at a loss to know how to help her.

Abbi recalled only one other experience, a few years
prior, when she had venipuncture, which required many
attempts to get the sample. She recalls feeling out of
control as people held her down. Since that time, she has
had a strong fear of needles. Despite those fears, she
expressed the desire to help herself.

During the first session, Abbi was taught basic EMG
biofeedback and breath control, emphasizing mastery
themes. Abbi enjoyed this and did well. During the next
session, she was trained in EDA biofeedback as an easy
way for her to track her own nervous system’s anxiety
responses to needles. Over that and the two subsequent
sessions, Abbi focused on controlling her SNS response
with graduated exposure to elements of the vaccination
experience. She learned to control her breathing, heart
rate, and SNS activity, as reflected in her maintenance of
low EDA readings. She particularly liked a biofeedback
screen called ‘‘kaleidoscope,’’ in which she erased a com-
plex design of colorful lines and shapes as she decreased
her EDA to the desired threshold level.

A vaccination visit plan was then discussed and role-
played using actual equipment, but stopped short of
giving the injection. She practiced by playing the nurse
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and giving a ‘‘pretend’’ vaccination to her favorite stuffed
animal. Mental imagery was added to her practice regi-
men, including the idea of imagining herself getting the
vaccination, maintaining good control, and noticing how
proud she felt. The following week in the biofeedback
room, with her EDA sensor attached and running, Abbi
demonstrated her self-regulation skill by keeping her EDA
at desired levels, staying in control, and receiving her
vaccination with minimal distress. She was very proud of
her accomplishment.

Case commentary

Needle phobia is a common problem in a variety of set-
tings for children of all ages. Many children report
afterwards that the anticipatory anxiety and emotional
distress is often worse than the actual ‘‘shot’’ itself. Direct
desensitization with the monitoring of a relevant phy-
siologic modality such as EDA, breathing, or heart rate
offers an excellent opportunity to reinforce the desired
behavioral change. The engaging nature of visual feedback
and the ability to set concrete ‘‘goals’’ are helpful for many
young children to reinforce their sense of control. Ima-
gery (self-hypnosis) can add a sense of positive expecta-
tion for success. Finally, the use of these techniques can
heighten curiosity and provide attentional shifts, thus
enhancing the focus on something other than the injec-
tion pain.

Additionally, it may be helpful to keep in mind how to
prevent ‘‘needle phobia.’’ We know that children of all
ages are overwhelmed by the experience of a painful
procedure in a hospital environment and especially by the
loss of control. All efforts should be made by the medical
team, especially during the first pain painful procedure
(as this experience will influence all future events), to
empower the child to regain control. Helpful approaches
include:

� offering choices to the child as to where to place an
EMLA patch;

� choices of where to perform the procedure (such as
parent’s lap, while standing, sitting, lying, etc.);

� unless in a life-threatening event, children should not
be held down for a painful procedure;

� painful procedure should not be performed in a
child’s hospital bed, as this should be a ‘‘safe place;’’

� designating a mind/body skills ‘‘coach’’ to facilitate
the use of coping, relaxation, and distraction
techniques (one healthcare professional or family
member has to be solely present for the child’s
comfort engaging him or her);

� refocus of the patient immediately after the painful
event (offer little present out of ‘‘treasure box’’) with
praise and commendation on how well the child has
done;

� practicing and using bubble blowing or
diaphragmatic exhalation to reduce anxiety and
increase coping.

DESIGNING SUCCESSFUL MIND/BODY
TREATMENT STRATEGIES

A sequential model for mind/body skills
training

Children often understand the idea that in pain situations
they are in many ways experiencing a mind/body system
that is ‘‘out of balance.’’ In clinical biofeedback and other
types of mind/body skills training, it is helpful to follow a
hierarchical structure of tasks from an initial phase where
the individual is taught to discriminate (or discern) the
difference between a ‘‘balanced’’ and ‘‘out of balance’’ mind/
body system to the next step of developing control (where
they learn to rebalance the mind/body system in specific
ways) and then finally to generalize this skill application to
the their everyday life – home, school, sports or wherever.

In the discern phase of training, children are taught
about mind–body links and physiologic control and are
assisted in learning to discriminate differences between
states of relaxation (low SNS arousal) and tension/anxiety
(high SNS arousal), negative and positive thoughts/feel-
ings, and notice any associated phenomena. They are also
coached to carefully and completely tune into inner bodily
events and sensations. For example, for the child with
muscle tension as part of their pain symptom complex,
early recognition of tension in specific muscle groups (such
as trapezia or neck muscles) is important in the discern
phase. ‘‘How does your muscle feel; how fast is your heart
beating? Notice your breathing – is it fast or slow? Are you
breathing in your chest or shoulders or down in your
belly?’’ Following this the child is asked what these
symptoms and body sensations mean or symbolize.
Increasing self-awareness of the range of internal messages
associated with the pain prepares the child for appropriate
and therapeutic responses to those messages.

An efficient and enjoyable way to train an initial sense
of body awareness is by discrimination training with
surface EMG. Children can quickly learn to identify even
low levels of tension and/or muscle asymmetry with
biofeedback and then correct this problem. Eventually,
they can do this without the presence of immediate visual
or auditory feedback. They develop acute awareness of the
target symptom or sensation and then can act pre-
emptively to control it. One of the distinct benefits of
biofeedback training is the enhanced capacity for
‘‘somatic awareness.’’

It is important to note that, for children, baseline
values for individual physiologic modalities may vary
somewhat. Baseline values across sessions can also vary,
particularly for EDA and peripheral temperature.

In the control phase of training, patients are coached
to master specific skills and to achieve certain trends or
threshold goals in training a specific physiologic function.

� The child might be helped to consistently maintain a
bifrontal EMG reading below 3mV, an EDA below
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5 mmho with directed relaxation, or a finger
temperature of 93–951F. All of these would be
common goals and would reflect a desirable level of
lowered SNS activity.

� With diaphragmatic breathing, children master the
ability to relax chest and thoracic musculature,
achieve good abdominal movement (measured by
PNG), breathe at a slow pace, and maintain an
inhalation time of two to three seconds with an
exhalation time of five to six seconds.

� With favorite place imagery, a child can be coached
to develop a general sense of comfort and relaxation.

We begin with a home practice recommendation of five
minutes twice a day to foster comfort, confidence, and
experience with these techniques. Note that for children it
is not necessary to achieve rigidly defined predetermined
goals for any given physiologic change. General trends in
physiologic change (warmer hands, less muscle tension)
are indicative of a desired shift to a more balanced state of
mind and body and are more important than absolute
magnitude of change. In this training phase, many chil-
dren find that specific mental imagery enhances the
rapidity with which they can regulate their level of change
for a given modality; for example, imagining warmth-
and relaxation-related experiences to facilitate their own
peripheral temperature change.

The generalize phase is often the most challenging part
of biofeedback training as the patient begins to apply the
learned skills successfully in the appropriate real-life
situation or environment without the machine or the
clinician. Most children enjoy quick success in the discern
and control sessions, and within three to five sessions
most are achieving the desired physiologic control goals
in the biweekly office-based sessions.

For transfer of skills to take place:

� Triggers and cues are identified with the patient that
will alert them to apply their self-management skills.
Early pain signals that were previously ignored now
cue the child to engage in the selected helpful
strategies.

� Parents and teachers are encouraged to help
cue in ways that are agreed upon with the
child.

� Role playing specific situations with the patient to
elicit emotional arousal and/or imaginal rehearsal
techniques can prepare them for the real-life
stimulus.

� Usually, one or two long-term follow-up sessions or
refresher sessions are set up two to four months
from the initial sessions to check on long-term
progress and to offer any support and adjustments
needed to the plan.

� Clients can be sent home with portable hand-held
biofeedback trainers so that daily biofeedback
practice can occur between office visits.

Integrating mind/body therapies

Mind/body skills can be used to facilitate the therapeutic
relationship and have many positive attributes.

� Biofeedback is a comfortable, nonthreatening, and
quite playful way to begin the pain management
process, build rapport, and elicit a sense of curiosity
while concretely demonstrating bidirectional
mind–body influences.

� Relaxation enhances emotional comfort and
willingness to communicate.

� Biofeedback is similar to that of induction techniques
used in hypnosis and hypnotherapy. Watching the
visual feedback and listening to a monotonous
auditory-guiding feedback tone tends to narrow
attention and increase awareness of internal body
events and sensations, which open the door to
further discussion of these phenomena.

� States of deep relaxation enhance access to
unconscious material and facilitate fantasy and
imagery. With the development of an alternative state
of awareness during biofeedback training, the child
may be more open to therapeutic suggestion for pain
and distress reduction.

Self-hypnosis can be a very useful addition in the later
stages of biofeedback training. Adding ‘‘age progression,’’
in which the child sees himself in the future as healthy,
functional, and pain free, brings that possibility closer and
sets a positive expectation for symptom control in a finite
time span.

� It may be that most mind/body techniques including
hypnosis and biofeedback training are pathways to
the same end point – a state of heightened
suggestibility and lowered ANS arousal where
patients can make choices about pain perception,
control, and change.

� Diaphragmatic breathing, relaxation methods,
biofeedback, and hypnosis are commonly integrated
in the therapeutic process of relieving a child’s pain.
In fact, for most pediatric patients, biofeedback
training leads to an altered state of awareness with
narrowed, highly focused attention, facilitation of a
state of comfort and relaxation, and facilitation of a
sense of control – just like that described in
hypnosis.

� Some children and adolescents enjoy the added
visual and sensory feedback elements and find that
they accelerate their somatic awareness and
subsequent pain modulation ability. Others move
quickly beyond the need for external feedback cues
and cultivate the ‘‘internal’’ imagery experience in
mastering their pain symptoms.

� Simply training a child to change a physiologic
modality such as heart rate or breathing does not
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necessarily result in immediate pain reduction.
However, by integrating this body control training
with somatic awareness, therapeutic suggestions, and
new ways of understanding self-control, many
children experience benefits.

� Children and adolescents are highly active
participants in therapy and are offered several
approaches or options depending on their interests,
developmental level, and coping style. Our role is as
a ‘‘coach.’’ The ultimate responsibility for success
rests with the patient. Nevertheless, skilled guidance,
rapport, honesty, and a true sense of partnership are
key ingredients in this undertaking to control pain.

Mind/body therapies: mechanism of
therapeutic change

Thoughts and emotions can directly influence physiologic
response systems and processes, such as blood flow, muscle
tension, release of hormones, neuropeptides, inflammatory
mediators, and other immune system changes, all of which
play a role in the production of pain. In addition to spinal
control mechanisms of nociceptive transmission, des-
cending pathways that originate in the cortex and thalamus
can play a significant role in modulating each person’s pain
perception and experience. The gate control theory of pain
suggests that thoughts, beliefs, and emotions may affect
how much pain you feel from any given physical sensa-
tion.35 The ability to plan and actively modulate pain
perception via connecting pathways from the central ner-
vous system (CNS) gives rise to consideration of a number
of therapeutic interventions that may work centrally to
‘‘close the gates’’ via these descending CNS influences.36

Melzack37 postulates an essential interplay between
central and peripheral nervous systems with regard to the
pain experience and pain experience pathways that are
partly innate and partly learned. Calling this neural net-
work ‘‘the neuromatrix,’’ the likely basis for one’s physical
wiring, he proposes that it plays a role in pain and
somatic awareness. Being somewhat malleable, it acquires
its individual reaction patterns or its ‘‘neurosignature’’
through repeated activation. Perhaps self-regulatory
strategies modify these pain reaction pathways both
consciously and unconsciously to reconfigure an
individual’s response tendency.

We do not fully understand the hypnotic process, but it
is agreed that, as a state of altered consciousness, hypnosis
is different both from the normal waking state and from
the different stages of sleep. Hypnosis resembles various
meditative states, with its narrowly focused attention,
primary process thinking, and ego-receptivity.2 Some have
postulated that hypnosis decreases anxiety rather than
affecting the pain sensation itself. Hypnosis does decrease
anxiety and thereby increases pain tolerance, but this is not
the predominant mechanism of action for hypnoanalgesia
and hypnoanesthesia. Recent studies also support that

individuals undergoing certain hypnotic experiences
demonstrate significant changes in regional cerebral
bloodflow as evidenced by function MRI techniques.38 The
neurobiological impact of imagery is also being explored.
One study in 2005 by Raij et al.39 demonstrated that
individuals who experienced hypnosis-induced pain show
evidence for activation of the brain’s cerebral pain circuitry
similar to that which occurs in response to pain of organic
origin (laser irritation of skin). Studies also suggest that
within the hypnotic state, ANS balance as reflected in heart
rate variability patterns is modulated mostly by decreasing
sympathetic nervous system activity but may reflect
increased parasympathetic activity as well.40, 41

With the discovery of endorphins, there was specula-
tion that the key to the mechanism of action of hyp-
noanalgesia had been found. The hypothesis that
hypnosis is the natural way of releasing endorphins has
not yet been supported by research.42 Hypnotic analgesia
for experimental pain was not reversed by the adminis-
tration of naloxone hydrochloride. Furthermore, in con-
trast to the elevated endorphin levels in patients
experiencing acupuncture,43 patients experiencing hyp-
notic analgesia showed no increase in endorphin levels.42

Current findings in this intriguing area of inquiry may
have methodological pitfalls, particularly problems in
measurement. Melzack and Wall’s gate control theory of
pain provides one rationale for the effectiveness of hyp-
nosis in the control of pain.35 The theory is far from a full
explanation of hypnotic action.

Research suggests that successful self-regulation stra-
tegies operate on multiple levels with multifactorial
mechanisms of therapeutic change.44 A variety of poten-
tial mediators in pain control, both specific and non-
specific, may play a role.

Potential specific mechanisms of pain control with
mind/body strategies may include:

� decreased sympathetic nervous system activity: there
is evidence that SNS activity up-modulates pain
conduction;45

� specific physiologic changes that are condition
specific: such as muscle relaxation and symmetry
training in tension headache; reduction in excessive
SNS activity in irritable bowel syndrome; reduction
in inflammatory mediators secondary to specific
therapeutic suggestion for burns;

� downregulation of pain activity through the
descending inhibitory pathway;

� unidentified neuroelectrical/neurochemical/
neurometabolic/somatic changes.

Potential nonspecific mechanisms of pain control with
mind/body strategies include:

� the shift from an external to a more internal locus of
control enhances sense of self-efficacy in the control
of pain;
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� positive expectancy, also called placebo factor, ‘‘faith
factor,’’ and hopefulness;

� the active partnership and rapport with the clinician;
� cognitive reframing of the pain, which occurs

particularly in many mind/body techniques, does not
necessarily change pain intensity but shifts its
relevance, quality, attention, and secondary gain
factors allowing for enhanced functioning.

Limitations of mind/body therapies

Biofeedback and hypnosis are not panaceas, and care
must be taken to understand their indications, contra-
indications, and limitations.2

� Biofeedback training and hypnosis are usually not
suitable for children who are psychotic or severely
depressed, and should be undertaken with extreme
caution in children with posttraumatic stress disorder
(PTSD) and other severe emotional problems.

� In certain cases, the scientific literature supports the
use of a specific biofeedback modality for a specific
disorder. Seek supervision and case consultation
when in doubt.3

� Only use biofeedback training with children who
present with pain complaints/diagnoses that are well
within one’s scope of training and expertise.

� Be honest with parents and with patients about the
expected length of therapy and reasonable
expectations for hypnosis and the biofeedback
training process.

� Mind/body skills should not be pursued in place of
necessary, life-saving conventional treatments and
treatment approaches should be appropriately
prioritized after discussion with all relevant parties.46

In a 1987 study, Olness and Libbey47 found that 20 per-
cent of children referred for self-regulation training
(primarily hypnosis) had a previously undiagnosed bio-
logic etiology for their condition. This study underscores
that all children presenting with pain symptoms require
thorough medical and neurologic evaluation to rule out
organic conditions that may contribute to the presenting
symptom. For example, children with headaches and
abdominal pain need specific medical and neurologic
evaluation to rule out tumor, infectious, and metabolic
problems that may cause recurrent pain.

Concurrent use of psychotropic, anti-inflammatory or
analgesic medication is not a contraindication to self-
hypnosis, biofeedback or other relaxation training, but
needs to be carefully managed on a case-by-case basis.
Certain psychotropic agents will change ANS responsivity
and so may affect baseline biofeedback measurements and
the child’s ability to modulate certain modalities, such as
peripheral temperature, heart rate, and skin conductance.
Some children can reduce or even eliminate the need for

certain medications when mind/body skills training is
successful (e.g. decrease or eliminate analgesic use in
juvenile migraine). This must be carefully coordinated
with the prescribing physician.

TRAINING AND CERTIFICATION

Formal training is recommended for those interested in
applying this powerful group of techniques. Training in
hypnosis occurs through the Society for Developmental
and Behavioral Pediatrics Workshops (www.sdbp.org)
and The American Society for Clinical Hypnosis
(www.asch.org). Certification in hypnosis is available
through the American Society for Clinical Hypnosis and
also through the American Boards of Clinical Hypnosis.
Training in biofeedback is available by contacting the
Association for Applied Psychophysiology and Biofeed-
back (www.aapb.org) or the Biofeedback Foundation of
Europe (www.bfe.org). Professional certification is avail-
able through the Biofeedback Certification Institute of
America (www.bcia.org). Certification in either field
includes both course work and clinical supervision, as
well as written and practical exams.

CONCLUSION

Every human has the capacity to examine, appreciate, and
regulate our inner experience and reactions to pain. Mind/
body strategies, such as hypnosis and biofeedback,
uniquely and directly cultivate these internal abilities to
modulate and reduce pain phenomena. Within the last
decade, self-regulation strategies have moved to the fore-
front of evidence-based, practical approaches for clinical
pediatric pain management. The strategies continue to be
supported by empirical research and by practical applica-
tion and success in clinical settings. These uniquely valu-
able tools for managing pain in children and adolescents
are: (1) biofeedback, with its ‘‘hi-tech’’ appeal; (2) hyp-
nosis, which uses innate imaginative abilities; (3) dia-
phragmatic breathing, a fundamental physiological index
of distress and pain; and (4) other relaxation approaches
(meditation, yoga, autogenics), all of which offer training
to counteract the tension and preoccupation of pain.

Pain drains a child’s energy and reduces their ability to
cope. The experience of pain is demonstrated to have
potential long-term, negative effects on children and
adolescents. However, the practice of self-regulation
techniques appears to mitigate much of the negative
impact of pain on children and their functioning. These
methods facilitate competency and a sense of mastery
over nociception, anxiety, and distress, and also enable
children to take a more active part in and responsibility
for treatment and recovery.

Individuals who actively engage in some form of self-
regulation appear to have an improved quality of life.48
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Children who master self-regulation skills acquire special
‘‘life skills’’ that can be utilized in future experiences of
pain and stress. Early training in self-regulation skills, self-
hypnosis, or biofeedback may also be an important dis-
ease-prevention tool in pediatrics due to growing evi-
dence that effective management of pain and associated
emotional distress improves long-term prognosis.

The most commonly raised objection from medical
and nursing staff to the use of self-regulatory strategies is
‘‘I don’t have time.’’ This assumes that self-regulation
training is lengthy and removed from medical treatment.
It need not be. Over the last 25 years, we have learned a
great deal about how rapidly patients in pain respond to
hypnosis, and how shock and anxiety increase a person’s
receptivity to suggestion. Teaching children about
mind–body connections does not necessarily require
expensive computerized biofeedback equipment. Imagi-
nation and creative thinking combined with a thermo-
meter in the clinic room, a pulse oximeter in the
emergency room, or a scale in the triage room – these can
all be used as ‘‘biofeedback’’ devices to help patients to
understand their bodies and begin to develop self-control,
confidence, and relief from pain. What is required by the
practitioner is the ability to engage with children crea-
tively, flexibly, with passion, and a sense of humor. Mind/
body strategies and related nondrug approaches should be
integrated with appropriate pharmacologic interventions
in all settings where pediatric pain is managed and it is
certain that they will continue to serve as powerful,
front-line tools for children of all ages.
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KEY LEARNING POINTS

� A placebo is a treatment with no specific therapeutic

action and the placebo effect is the outcome following

its administration.
� The placebo effect is a psychobiological phenomenon

and must not be confounded with other phenomena,

such as spontaneous remission.
� The effects following the administration of a placebo

are due to the psychosocial context around the therapy.
� A positive psychosocial context may induce a placebo

effect whereas a negative context may lead to a nocebo

effect.

� There is not a single placebo effect but many, in

different systems and diseases and with different

mechanisms.
� The placebo analgesic effect is mediated by the

endogenous opioid systems in some circumstances.
� The nocebo hyperalgesic effect is mediated by anxiety-

induced activation of cholecystokininergic systems.
� If an analgesic treatment is administered covertly, its

effects are smaller than when given overtly.

INTRODUCTION

Over the past two decades the placebo effect has shifted
from being a nuisance in clinical research to a promising
model of an emerging neuroscience of mind–brain–body
interactions. In fact, the interest in and the success of
placebo research resides in its multifaceted meaning,
which involves key issues in modern science – from
neurobiology to philosophy, from ethics to social psy-
chology, and from clinical trials design to medical prac-
tice.1 Thus, the placebo effect, which has long been
neglected by the neuroscience community, is today con-
sidered a real and detectable biological phenomenon, and
the question of whether placebos work has been reframed

as to how they work. The purpose of this chapter is to
introduce the reader to the nature and extent of the
placebo phenomenon and to present the interesting
implications of the new evidence that arises from recent
research in this field. The relatively extensive overview
and reference base will permit a more detailed exploration
of specific topics, issues, and questions. Overall, this
chapter presents what we know today about the neural
mechanisms underlying the placebo effect, as well as the
clinical and ethical implications in routine medical
practice and in clinical trials.

Placebo is the Latin word for ‘‘I shall please’’ and
although it would seem that there are some anomalies in
both the origin and the translations of the word placebo,



the term ‘‘placebo’’ entered the medical lexicon to indicate
sham treatments and inert substances (such as sugar pills
and saline solutions) that physicians give deliberately to
please or placate anxious patients.2, 3, 4

Physicians have perhaps always been conscious of the
fact that patients get better after taking inert drugs.5, 6, 7

However, it is clear that the history of placebos is not the
history of the placebo effects. In fact, the history of
placebos concerns their use in clinical trials for the
validation of new treatments, whereas the history of
placebo effects pertains to the studies on the psychosocial
therapeutic effect following the administration of inert
medical treatments.

Brody8 emphasized the role of symbolic meaning,
defining the placebo effect as a change in the body, or the
body-mind unit, that occurs as a result of the symbolic
significance which one attributes to an event or object in
the healing environment. This definition is embedded in
the notion that symbols induce expectations of an out-
come, thus emphasizing the crucial role of meaning9, 10

and expectation.11 In other words, the therapeutic context
has a meaning that induces expectations which, in
turn, shape experience and behavior, as emphasized by
Kirsch.11, 12, 13 According to Moerman,9, 10 the term
placebo effect deflects our attention from what is really
important (the meaning and the meaning-induced
expectations), and aims it at what is not (the inert pills
and, in general, the inert medical treatments).

The concept of the placebo effect as a context effect
has been stressed by several authors.14, 15 The context is
made up of words, attitudes, provider’s behavior, and
medical devices, or in other words what Balint16 called the
whole atmosphere around the treatment. It has often been
pointed out that the term ‘‘context effect’’ and ‘‘placebo
effect’’ could be used, at least in part, interchangeably14, 15

in order to overcome the negative connotations associated
with the term placebo and to highlight the therapeutic
nature of the healthcare context. The weight of context
in facilitating cognitive and emotional modulation of a
therapeutic outcome definitively emerges from different
therapeutic outcomes after an open or hidden adminis-
tration of the same drug. The main finding is that when
the patient is completely unaware that a treatment is
being given, the treatment is less effective than when it is
given overtly according to routine medical practice.17

Therefore, under such conditions, the placebo effect can
be defined as the difference between open and hidden
administration of the treatment, even though no placebo
is given. The result of this subtraction represents the
placebo component of a treatment. According to the
context and to context-induced expectations, placebos
may produce either positive or negative outcomes. To
distinguish the pleasing from the noxious effects of pla-
cebo, several authors introduced and elaborated the term
nocebo.18, 19, 20, 21 The term nocebo (‘‘I shall harm’’) was
specifically chosen to denote the counterpart of the term
placebo. If the meaning of the context is reversed in the

opposite direction, a nocebo effect can be obtained.
However, Kennedy18 and Kissel and Barrucand19 differ-
entiate nocebo from placebo only in terms of negative or
positive outcomes, not in terms of expectations.20, 21, 22

In spite of all these definitions, the term placebo/
nocebo effect often remains a source of confusion and of
dangerous misconception. ‘‘Placebos are inert and don’t
cause anything’’ asserts Moerman.9 As an anthropologist,
he suggests the use of the formulation ‘‘meaning
response’’ rather than ‘‘placebo response.’’ The meaning
response is defined as the physiological or psychological
effects of meaning on the treatment or illness. Con-
ceptualizing the issue in terms of meaning may be
important from an evolutionary perspective.23

ATTEMPTS TO QUANTIFY THE PLACEBO EFFECT

Over the years, many researchers have turned to clinical
trials literature to learn more about the placebo effect.
We will be presenting the most representative. The first
attempt to quantify the therapeutic effect of placebos was
by Henry K Beecher in 1955,24 who published ‘‘The
powerful placebo,’’ a paper reviewing 15 controlled trials
involving 1802 patients. Defining positive outcomes as
‘‘percent satisfactorily relieved by placebo,’’ Beecher
reported effect sizes ranging from 26 to 58 percent with
an average of 35 percent. The notion that approximately
one-third of patients respond to placebo has since per-
meated medical text and teachings, even though Henry K
Beecher did not report that number. This early work has
been criticized on methodological grounds.7, 25, 26

However, despite some methodological limitations,
Beecher’s view represents a seminal demonstration of
the placebo effect in medical practice.24 In the 1950s, he
suspected that some surgical treatments may also lead to a
placebo effect. At the time, mammary artery ligation was
provided for patients suffering from angina pectoris. In
1959, Cobb and co-workers27 tested this procedure using
a double-blind design. Surgeons were shown a randomi-
zation card after skin incision, telling them whether to
proceed with surgery or to close the wound (sham pro-
cedure). Patients and outcomes observers were blinded
as to the allocation of the real or the sham procedure.
Patients in both groups improved dramatically, with
trends favoring skin incision. After further similar
results,28 Beecher29 concluded that a placebo effect is also
demonstrable for surgery.

Opposite claims about the placebo effect are made by
Hróbjartsson and Gøtzsche.30 These authors conducted a
systematic review of clinical trials in which patients were
randomly assigned to either placebo or no treatment.
Today, this review remains a source of intense debate. The
goal was to study the clinical effect of placebos discerning
whether patients randomized to placebo under blind
conditions have better outcomes than those randomized
to no treatment. One hundred and thirty trials were
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identified and 40 different clinical outcomes investigated
by selecting binary (e.g. the proportion of alcohol abusers
and nonalcohol abusers) and continuous (e.g. the amount
of alcohol consumed) outcomes. They considered the
effect of three types of placebos: pharmacological (e.g. a
pill), physical (e.g. a manipulation), and psychological
(e.g. conversation). They calculated the pooled relative
risk for binary outcomes and the pooled standardized
mean differences for continuous outcomes, where pooled
relative risk was defined as the ratio of the number of
patients with an unwanted outcome to the total number
of patients in the placebo group, divided by the same ratio
in the untreated group. The standardized mean difference
was defined as the difference between the mean values
for unwanted outcomes in the placebo and untreated
groups divided by the pooled standard deviation.
A negative value indicated a beneficial effect of placebo
both for binary and continuous outcomes. The findings
of Hróbjartsson and Gøtzsche’s review did not detect
a significant effect of placebo, as compared with no
treatment, in pooled data from trials with subjective or
objective binary or continuous objective outcomes.
However, they found a significant difference between
placebo and no treatment in trials with subjective out-
comes and in trials involving the treatment of pain. There
was also some evidence that placebos had greater effect in
small trials with continuous outcomes than in large trials,
with an inverse relation between trial size and placebo
size. Furthermore, in an update of their first review,
Hróbjartsson and Gøtzsche argued further that when a
large effect of a placebo intervention is not present, small
effects on continuous outcomes, for example in pain,
could not be clearly distinguished from biases.31 Thus, the
observed significant effect of placebo on subjective out-
comes may have been due to biased reports of subjects
rather than to true placebo effects.

However, it is important to note that they used very
broad inclusion criteria and failed to recognize that
placebos are not expected to work uniformly across dis-
eases or disorders.32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46

Aggregating without regard to the heterogeneity of
disorders does not allow us to discern whether a placebo
effect really exists. In fact, different sizes of placebo
effects might occur among different disorders that do
not have the same mechanism of action. Another pro-
blematic aspect of the Hróbjartsson and Gøtzsche’s meta-
analysis is the fact that in this analysis, it is impossible to
consider many critical factors involved in placebo
responses, such as the consideration of the patient’s and
physician’s expectations, the healing context, and the
many cues and factors that can influence the efficacy of an
intervention.1, 9, 14, 15, 22, 47

In another study aimed at investigating the placebo
effect in analgesic studies only, Vase et al.48 conducted one
meta-analysis that included 23 of the 29 clinical trials
from the meta-analysis by Hróbjartsson and Gøetzche30

and another meta-analysis of 14 studies that investigated

placebo analgesic mechanisms. Although this study has
been criticized by Hróbjartsson and Gøtzsche,49 Vase
et al.48 found that the magnitudes of the placebo analgesic
effects were higher in studies that investigated placebo
analgesic mechanisms compared with clinical trials where
the placebo was used only as a control condition. Vase
et al.48 suggest that this difference might be due to the
different placebo instructions and suggestions given in the
clinical trial setting compared to the experimental setting.
In fact, clinical trial investigators typically avoid giving
oral suggestions of analgesia in favor of neutral instruc-
tions, whereas investigators of the placebo effect typically
emphasize the analgesic suggestions.

The literature is full of other studies indicating that
beliefs and expectations can play a relevant role in human
health. For example, it has long been known that placebo
injections are more powerful than placebo pills,50, 51

placebos taken four times a day are more powerful than
placebos taken twice a day,3 red and yellow tables make
better stimulants, while blue or green tablets better
tranquilizers,52 and sham devices (validated sham acu-
puncture needle) have greater effects than placebo pill on
self-reported pain and severity of symptoms.53

In general, these meta-analyses are worthy of con-
sideration because they present the scenario for two dif-
ferent ways of investigating the placebo effect: on the one
hand the randomized clinical trial (RCT), and on the
other, the clinical/experimental setting specifically
designed to investigate the placebo effect.

HOW TO DETECT REAL PLACEBO RESPONSES

The term ‘‘placebo effect’’ is often used interchangeably
with the term ‘‘placebo response.’’ However, the term
‘‘placebo effect’’ refers to any average improvement in
the condition of a group of subjects that has received a
placebo manipulation. Conversely, the term ‘‘placebo
response’’ refers to the change in an individual caused by
a placebo manipulation. In order to detect a real placebo
response, it is important to consider some confounding
factors in addition to the appropriateness of the experi-
mental design. In fact, the investigation of the placebo
effect is full of drawbacks and pitfalls because for a pla-
cebo response to be demonstrated several other phe-
nomena must be ruled out.1, 54, 55, 56 These phenomena
are natural history, regression to the mean, false-positive
errors, and co-interventions (Figure 41.1).

For example, many pathological conditions show
spontaneous variation and fluctuation of symptoms over
time that is known as natural history.57, 58 Relapses and
remissions can occur in the absence of any treatment
manipulation. If a subject takes a placebo just before his/
her discomfort starts decreasing, he/she may believe that
the placebo is effective, although that decrease would have
occurred anyway. Clearly, this is not a placebo effect but a
spontaneous remission that leads to a misinterpretation
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of the cause–effect relationship. To demonstrate a placebo
effect one must show a difference between the natural
history and the placebo intervention. Another example is
related to regression to the mean. This refers to the
phenomenon where a variable will tend to move closer
to the center of the distribution from initial to later
measurements. This is a mathematical property of all
measurements subject to random error. Subsequent
measurements tend to be lower, because of the regression
to the mean, even if no biologically or psychologically
mediated placebo effects are present.59 If individuals tend
to receive their initial clinical assessment when their pain
is near its greatest intensity, then their pain level is likely
to be lower when they return for a second pain assess-
ment. In this case also, the improvement cannot be
attributed to any intervention they might have under-
gone. Regression to the mean often appears together with
placebo effects in clinical trials, and the only reliable way
to see what proportion of an observed improvement
might actually be attributable to the placebo manipula-
tion is again to compare a group receiving a placebo to a
group receiving no treatment. A further source of con-
fusion is represented by a particular type of error made by
the patient and/or physician, a false-positive error. This is
known as signal detection theory (SDT) and was descri-
bed by Allan and Siegel60 as a possible mechanism of
placebo effects. The ambiguity of a symptom may lead to
biases following verbal suggestion of benefit. In other
words, a patient can report that a substance makes him or
her feel better, detecting by mistake a symptomatic
relief – this is termed false-positive errors. False-positive
errors are common in medical decision-making, both
by physicians who diagnose a patient’s symptom and by
patients who report symptom severity.

Thus, in clinical practice and uncontrolled trials, the
reported success rate may be due to one or more of
the described phenomena – natural history, regression to
the mean, and subject biases. The success rate may also
be due to unidentified co-interventions, producing par-
allel effects on the observed benefit, and to the effect of
being under study (Hawthorne effect).

The literature is full of examples where investigators
have failed to account for these artifacts. This point is
definitely clarified by Ernst and Resch61 who suggested a
distinction between the perceived and the true placebo

effect. The former is the response observed in the placebo
group of a randomized controlled trial. The true placebo
effect equals this response minus the confounding effects
described above. Thus, the perceived placebo effect is
equal to the true placebo effect only if no effects are
observed in the untreated control group when compared
with the placebo group.

WHAT PARADIGM TO STUDY THE PLACEBO
EFFECT

Together with the exclusion of the above-mentioned
confounding factors, it is crucial to select an appropriate
paradigm when we want to investigate the placebo
phenomenon.

The use of placebo and untreated groups in clinical
trials is not aimed at identifying the true placebo effect.61,
62, 63 Trialists, clinicians, and drug companies are mainly
interested in seeing whether the active drug is more
effective than the placebo, and they are not interested in
the placebo effect itself. Fortunately, clinical trials are not
the only methodology available and are not the best
model for investigating the placebo effect. Most of our
knowledge of the placebo effect comes from the labora-
tory setting where the experiments are designed to shed
light on its neurobiological aspects. Studying the placebo
effect in the laboratory setting gives us the opportunity to
control psychological and physiological variables, and
to rule out possible confounding factors for the placebo
effect. For example, in the laboratory setting it is possible
to conduct trials using three randomly selected, equally
matched groups: (1) the natural history (NH) group or
untreated group, which receives no treatment of any
kind; (2) the placebo group, which receives an inert
treatment that simulates the active one; (3) the active
treatment, which receives the real treatment. The com-
parison between the placebo and the natural history
group allows us to detect and measure the placebo
effect. Regression to the mean can be ruled out by using,
for example, experimental pain. False-positive errors and
scaling biases can be eliminated through the evaluation
of objective physiological parameters (e.g. hormones,
autonomic responses).

Expectation

Conditioning

Real
placebo
response

Co-interventions

Biases and 
false positives

Regression to mean

Natural history

Figure 41.1 Confounding factors which must be

ruled out in order to demonstrate real placebo

responses (expectation and/or conditioning). The

percentages of each factor does not necessarily

reflect reality, as there are no studies providing

this information.
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Although most clinical trials use the placebo-
controlled design, other experimental paradigms have
been devised, including the balanced placebo design, the
double-blind versus deceptive design, and the open-
hidden paradigm (Figure 41.2). A brief overview of the
characteristics of these paradigms follows.

The balanced placebo design, formulated by Ross and
co-workers,64 refers to a methodology for studying many
aspects of human behavior and drug effects, orthogonally
manipulating instructions (told drug versus told placebo)
and drug administered (received drug versus received

placebo) (Figure 41.2a). It has been used in many
conditions, such as alcohol research,65, 66 smoking,67

amphetamine effects,68 and psychiatric disorders.69, 70

This design is particularly interesting for the investigation
of placebo effects because it indicates that verbally
induced expectations can modulate the therapeutic
outcome, both in the placebo group and in the active
treatment group. For example, Flaten et al.71 showed that
carisoprodol, a centrally acting muscle relaxant resulted
in different outcomes, either relaxant or stimulant,
depending on the combination of verbal suggestion and
drug administration (including the placebo) and Keltner
et al.72 confirmed that different activation patterns are
produced in the brain following different combinations
of suggestions. The balanced placebo design produces
information that cannot be derived from conventional
clinical trials. For example, it provides a baseline against
which drug and placebo effects can be measured, and
provides a direct assessment of the drug effect with
the placebo component removed. The problem with
the balanced placebo design is that it entails deception
(Table 41.1).

The second example is the double-blind versus
deceptive design (Figure 41.2b). This design compares
the therapeutic outcomes of a double-blind administra-
tion of an active drug with a deceptive one. Although
outside the clinical setting, Kirsch and Weixel73 showed
that different verbal suggestions produce different out-
comes. In one group, they administered regular coffee or
decaffeinated coffee according to the usual double-blind
design, and the subjects received the information that
either the active or decaffeinated substance was being
administered. In the second group, decaffeinated coffee
was deceptively presented as real coffee. The authors
found that the placebo responses were higher following
the deceptive administration than the double-blind
paradigm, concluding that uncertainty induces less
expectation and, in turn, smaller placebo effect.

Similar findings arise from a study by Pollo and
co-workers.74 Thoracotomized patients were treated with
buprenorphine on request for three consecutive days,
together with a basal intravenous infusion of saline
solution. However, the verbal instructions that were
given to the patients were changed in three different
groups of patients. The first group was told nothing

Baseline Treatment effect

Treatment effect
+

Placebo effect
Placebo effect

Active
treatmentPlacebo

Placebo

GET

GET

Placebo

Active
treatment

TOLD

Placebo
or active
treatment
(double-blind)

Active
treatment
(deceptive
information)

Active
treatment
(open
administration)

Placebo effect following uncertain 
expectation

Placebo effect following certain 
expectation

TOLD

No information
(hidden
administration)

Treatment effect

Treatment effect

Placebo effect

+

GET

Active treatment

TOLD

(a)

(c)
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Figure 41.2 Paradigms to study a placebo response. (a)

Balanced placebo design. The table shows the different

combinations of what the patients receive and what they are

told, allowing investigators to identify the modulation of drug

action by verbal suggestions. (b) Double-blind versus deceptive

design. Placebos are administered to patients by changing the

information about the treatment. In fact, double-blind design

provides uncertain expectations whereas the deceptive design

provides certain expectations. (c) Open-hidden administration of

an active treatment. It consists in the administration of the

active treatment while the patient is either aware or unaware

that a medical therapy is being given.

Table 41.1 Manipulation of expectations through different

experimental designs. Use of a placebo (1) or not (�) is reported

along with the use of deception.

Placebo administration Deception

Balanced placebo design 1 1

Double blind/deceptive

design

1/1 �/1

Open-hidden design � �
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about any analgesic effect (natural history). The second
group was told that the basal infusion was either a
powerful painkiller or a placebo (classic double-blind
administration). The third group was told that the basal
infusion was a potent painkiller (deceptive administra-
tion). The analgesic effect of the saline basal infusion was
measured by recording the doses of buprenorphine
requested over the three-day treatment. It was found that
buprenorphine requests decreased in the double-blind
group by 20.8 percent compared with natural history, and
the reduction in the deceptive administration group was
even greater, reaching 33.8 percent. These results indicate
that little differences in verbal instructions (‘‘It can be
either a placebo or a painkiller and therefore we are not
certain that the pain will subside’’ versus ‘‘It is a potent
painkiller, and therefore we expect the pain will subside
soon’’) produce different placebo analgesic effects, which
in turn trigger a dramatic change of behavior leading to a
significant reduction in opioid intake.

Recently, the open-hidden paradigm has become an
interesting way to isolate the placebo effect as a context
effect. Also termed ‘‘overt-covert design,’’ the name refers
to the modality of administration of a treatment: doctor-
initiated versus machine-initiated therapy. The former is
the classical situation of routine medical practice whereby
an active treatment is administered to the patient, who is
conscious that a medical therapy is being carried out.
In this case, the therapeutic outcome is represented by
the sum of the specific effects of the treatment itself and
the placebo effect. The latter (machine-initiated) consists
of the administration of the active treatment while the
patient is completely unaware that it is being given
(Figure 41.2c). It is possible to perform this hidden
administration of a drug by means of a computer-
controlled infusion pump that is pre-programmed to
deliver the drug at the established time. The crucial point
here is that the patient does not know when the infusion
starts and ends, but he/she knows that a drug will be
given.17 Therefore, in this case there is full informed
consent without any deception (Table 41.1).

Despite its obvious appeal, the open-hidden paradigm
has been studied in only a few situations. In studies of
analgesia, Levine et al.75 and Levine and Gordon76 found
that in postoperative pain following the extraction of the
third molar, a hidden injection of morphine (6–8mg)
provided the same effect as the injection of saline solution
administered in full view of the patient. To obtain an
effectiveness greater than the placebo, the hidden mor-
phine dose needed to be increased to 12mg. Recently, a
careful analysis of the differences between open and
hidden injections has been performed where the effects of
four widely used painkillers (buprenorphine, tramadol,
ketorolac, and metamizol), administered in either open or
hidden manner, were investigated.77 In all cases, a hidden
injection was less effective than an open one. These results
have been further extended to conditions other than pain,
such as anxiety and Parkinson’s disease.17, 78, 79 What

these studies tell us is that the knowledge about a treat-
ment and the expectation of clinical benefit affects the
therapeutic outcome. The importance of this point
has been recently demonstrated in a clinical condition,
Alzheimer’s disease (AD). The cognitive impairment that
occurs in this pathological condition is a natural model
to assess the difference between the open (expected)
and hidden (unexpected) treatments, as the disruption of
expectation/placebo-related analgesic mechanisms may
eliminate the weight of the psychosocial component.
Benedetti et al.80 applied a local anesthetic, either overtly
or covertly, to the skin of AD patients to reduce burning
pain after venipuncture. They correlated the placebo
component with both cognitive status and functional
connectivity among different brain regions. They found
that AD patients with reduced Frontal Assessment Battery
scores showed a reduced placebo component of the
analgesic treatment. The disruption of the placebo com-
ponent occurred when reduced connectivity of the pre-
frontal lobes with the rest of the brain was present.
Remarkably, the loss of these placebo-related mechanisms
reduced treatment efficacy, such that a dose increase was
necessary to produce adequate analgesia.

The findings from studies using the open-hidden
paradigm underscores the active role of cognition in the
overall therapeutic outcome and highlights the interesting
possibilities for both clinicians and scientists. The open-
hidden paradigm, where applicable, gives us the chance to
study the placebo effect without the administration of
any placebo, overcoming certain ethical constraints. This
design has some similarities with the balanced placebo
design without recourse to deception.81, 82 Therefore, by
isolating the psychosocial component of the context
from the medical treatment itself, it is possible to shed
light on the interaction between biopsychosocial and
pharmacological processes.

Finally, conditioning protocols represent a good way to
elicit a placebo response. Apart from expectation theories
which are based on the assumption that a placebo
produces an effect because the recipient expects it,12, 13

classical conditioning may be another mechanism that
generates placebo responses. However, expectation and
conditioning theories do not necessarily contrast each
other, and may represent two sides of the same coin.83 In
fact, placebo responses seem to be mediated by expecta-
tion and cognitive factors when conscious functions, such
as pain and motor performance are involved, whilst they
appear to be mediated by conditioning when unconscious
functions, such as hormone secretion, come into play.79

NEUROCHEMISTRY OF PLACEBO/NOCEBO
EFFECTS

Studies conducted in the laboratory setting have been able
to minimize many of the problems encountered in the
clinical trial setting and have provided important and
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reliable evidence about the nature of the placebo effect.
Pain has been the main area of study of the placebo effect
and comprises the largest body of research examining the
placebo response. If we want to critically look at current
knowledge about placebo effects, we must begin with a
review of the literature on placebo analgesia.

Starting in the 1970s, placebo analgesia received con-
siderable support in its legitimacy by way of two distinct
but converging lines of research that demonstrated a
physiological pathway for the placebo effect. Levine
et al.84 and Grevert et al.85 showed that placebo analgesia
is antagonized by the opioid antagonist, naloxone, thus
suggesting that it is mediated by endogenous opioids.
These findings have been confirmed and extended by
other studies.76, 86, 87, 88 First, Fields and Levine57 hypo-
thesized that placebo analgesia may be mediated by
nonopioid mechanisms as well.57, 89 The involvement
of opioids depends on the procedure used to induce
the placebo analgesic response.90 In fact, by using the
experimental ischemic arm pain model, it was found that
if the placebo response is induced by means of strong
expectation cues, it can be blocked by naloxone, whereas
if the expectation cues are reduced, it proves to be
naloxone-insensitive. In addition, if the placebo response
is obtained after previous exposure to opioid drugs, it
is naloxone-reversible. Conversely, if the placebo response
is obtained after prior exposure to nonopioid drugs, it is
naloxone-insensitive. All these data clearly suggest that

opioid and nonopioid mechanisms come into play in
different circumstances. There is also evidence of soma-
totopic organization of placebo analgesia. Specific placebo
analgesic responses can be obtained in different parts
of the body91, 92 and these responses are naloxone-
reversible.87

Placebo-activated endogenous opioids have also been
found to affect the respiratory centers and to induce
respiratory depression.88, 93 The cardiovascular system has
also been found to be influenced by endogenous opioids
during placebo analgesia,94 thus indicating that placebo-
induced release of opioids affects different systems and
apparatuses (Figure 41.3).

In a second line of research, the cholecystokinin (CCK)
antagonist, proglumide, has been found to enhance the
placebo analgesic effect,86, 95 thus suggesting that CCK has
an inhibitory role in placebo-induced analgesia.

In addition, an extension of the action of CCK as
an anti-analgesia system comes from work on nocebo
hyperalgesia.96, 97, 98 By using experimental ischemic arm
pain in healthy volunteers, it was found that verbally
induced nocebo suggestions produced hyperalgesia and
hyperactivity of the hypothalamic–pituitary–adrenal
(HPA) axis, as assessed by means of adrenocorticotropic
hormone and cortisol plasma concentrations. The
administration of the CCK antagonist proglumide
blocked nocebo hyperalgesia completely, but had no effect
on HPA hyperactivity, suggesting a specific involvement
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Figure 41.3 Cascade of biochemical events that may

take place in the brain after placebo administration.
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of CCK in the hyperalgesic but not in the anxiety com-
ponent of the nocebo effect. These findings are in line
with the study by Andre et al.99 who demonstrated
that the CCK-B receptor antagonist, CI-988, prevents
anxiety-induced hyperalgesia in rodents. Thus, placebo
suggestions activate endogenous opioids, whereas nocebo
suggestions activate CCK, which confirms the anti-
nociceptive action of opioids versus the pro-nociceptive
action of CCK.

NEUROANATOMY OF PLACEBO/NOCEBO
EFFECTS

Although the pharmacological approach with agonist and
antagonist drugs has produced important information on
the biochemical events triggered by context-induced
expectations, pharmacological analysis does not allow
identification of specific brain regions. Recently, func-
tional imaging techniques, such as functional magnetic
resonance imaging (fMRI), positron emission tomo-
graphy (PET), and electroencephalography (EEG) have
provided the opportunity to also define the neuroanato-
mical bases of placebo analgesia.100

The first imaging study of placebo analgesia showed
that a subset of brain regions are similarly affected by
either a placebo or a m-opioid agonist. In fact, by using
PET, it was found that the very same regions in the
brain are affected by both a placebo and the opioid
agonist remifentanil, thus indicating a related mechanism
in placebo-induced (psychological effect) and opioid-
induced analgesia (pharmacodynamic effect).101 In par-
ticular, the administration of a placebo induced the
activation of the rostral anterior cingulate cortex (rACC),
the orbitofrontal cortex (OrbF), and the anterior insula
(aINS), and there was a significant covariation in
activity between rACC and the lower pons/medulla, and a
subsignificant covariation between rACC and the
periacqueductal gray (PAG), therefore suggesting that a
descending rACC/PAG/pons/medulla pain-modulating
circuit is involved in placebo analgesia, as previously
suggested by other authors.102, 103

An opioid neuronal network in the cerebral cortex
and the brain stem has been described as a descending
pain-modulating pathway that connects, either directly or
indirectly, the cerebral cortex to the brain stem.92, 102, 104

In particular, ACC and OrbF project to PAG which, in
turn, modulates the activity of the rostral ventromedial
medulla (RVM). The ACC and PAG, together with some
other nuclei in the brain stem (e.g. the parabrachial
nuclei), are rich with opioid receptors. Therefore, this
pain-modulating circuit appears to be the same, which is
activated in placebo analgesia. The activation of m-opioid
receptors is implicated in a number of functions and the
current hypothesis is that they work through a descending
pattern of activation that is identifiable in the rACC-
PAG-pons-medulla circuit.103 The m-opioid receptors are

heavily distributed involving cortical and subcortical
regions such as the thalamus, the ACC, the nucleus
accumbens, the amygdala, and the PAG.105, 106

Recently, Zubieta et al.107 have confirmed the role of
m-opioid receptors in placebo analgesia. By using PET
imaging and carbon-11-carfentanil, which binds selec-
tively to the m-opioid receptor, it was shown that the
placebo analgesic response involved m-opioid transmis-
sion. The pain stimulus was associated with a significant
activation of endogenous opioid in the dorsal ACC,
medial prefrontal cortex (mPFC), right INS, ventral basal
ganglia (nucleus accumbens extending to ventral palli-
dum), medial thalamus (mTh), right amygdala, temporal
cortex, and PAG. Placebo administration increased
m-opioid transmission in the left dorsolateral PFC, rACC,
ipsilateral nucleus accumbens, and aINS.

Further studies performed with functional magnetic
resonance imaging analyzed the brain regions involved in
placebo analgesia. These studies revealed that the activity of
pain regions, particularly the thalamus, aINS and caudal
rACC, was reduced by a placebo treatment, thus indicating
that placebos reduce nociceptive transmission along
the pain pathways.108, 109, 110, 111 In addition, during the
anticipation phase of the placebo analgesic response, an
activation of the dorsolateral prefrontal cortex (DLPFC),
OrbF, rostral medial and anterior PFC, superior parietal
cortex (SPC), and PAG was found, suggesting the activa-
tion of a cognitive-evaluative network just before the
placebo response.109 The increased activity of the PAG
also suggests the activation of endogenous opioids in the
anticipatory phase of the placebo response.109, 112

Cognitive factors, such as anticipation and expecta-
tion, have also been found to affect the pain matrix when
a pain increase is expected.113, 114, 115, 116, 117 For example,
fMRI activation is significantly reduced when a
high-intensity noxious stimulus is anticipated and
accompanied by a low-intensity visual cue,72 whereas
expectation of painful stimulus enhances brain responses
to a nonpainful stimulus.118, 119 The hypothesis is that
top-down mechanisms could inhibit pain signals at the
level of the spinal cord.103 This idea is supported by a
recent study showing that expectancy induces a reduction
of secondary hyperalgesia, which is known to involve
spinal mechanisms.120 Constantly, ACC is reported to
be involved in placebo analgesia, suggesting its activation
in response to a homeostatic imbalance requiring moti-
vation for protective behavior.

These experimental approaches are important in better
defining the neuroanatomy of placebo effect and further
understanding the neuroscience of placebo phenomena.

PLACEBO EFFECTS IN CONDITIONS OTHER
THAN PAIN

The release of endogenous substances following a placebo
procedure is a phenomenon which is not confined to the
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field of pain, but it is also present in motor disorders,
such as Parkinson’s disease, depression, endocrine and
immune systems, and addiction.121

It has been shown that parkinsonian patients respond
to placebos quite well.122, 123 A first study used PET in
order to assess the release of endogenous dopamine. This
study showed that placebo-induced expectation of motor
improvement activates endogenous dopamine in the
striatum of parkinsonian patients.124 Interestingly, it was
also shown that a placebo manipulation affects the firing
pattern of neurons of the subthalamic nucleus and this is
correlated to clinical improvement and subjective report
of well-being.125

Depression is another condition that has been inves-
tigated, although several ethical constraints limit our
understanding of the action of placebos in depressed
patients. In fact, although both electrical and metabolic
changes in the brain have been described, adequate con-
trols are still lacking. Placebos have been found to induce
EEG changes in the prefrontal cortex of patients with
major depression, particularly in the right hemisphere126,
127 and changes in brain glucose metabolism, as assessed
by PET, in subcortical areas, including the brain stem and
hippocampus, and cortical regions, such as the posterior
ACC, the DLPFC, the premotor cortex, the dorsal ACC,
and the inferior parietal posterior INS.128

The immune system has also been found to be affected
by placebos.129 In 1896, MacKenzie showed that some
people who are allergic to flowers developed an allergic
reaction when presented with something that superficially
looks like a flower, but contains no pollen (a placebo
flower).130 Ader and colleagues widely demonstrated
that a conditioned (placebo) enhancement of antibody
production is possible using an antigen as an uncondi-
tioned stimulus of the immune system.131, 132, 133, 134, 135

Recently, these findings have been confirmed in humans.
In fact, repeated associations between cyclosporin A
(unconditioned stimulus) and a flavored drink (condi-
tioned stimulus) induced conditioned immunosuppres-
sion, where the flavored drink (the placebo) alone
produced a suppression of the immune functions, as
assessed by means of interleukin-2 (IL-2) and interferon-
gamma (IFN-g) mRNA expression, in vitro release of
IL-2 and IFN-g, as well as lymphocyte proliferation.136 In
this case, the placebo response can be interpreted as a
genuine conditioned response.

Robust evidence also corroborates the presence of
conditioning-mediated placebo effects in the endocrine
system. By using the analgesic drug sumatriptan, a sero-
tonin agonist of the 5-HT1B/1D receptors that stimulates
growth hormone (GH) and inhibits cortisol secretion, it
was shown that a conditioning procedure is capable of
producing hormonal placebo responses (Figure 41.3). In
fact, if a placebo is given after repeated administrations
of sumatriptan, a placebo GH increase and a placebo
cortisol decrease can be found. In contrast, verbally
induced expectations of increase/decrease of GH and

cortisol do not have any effect on the secretion of these
hormones, suggesting a pivotal role of conditioning.78, 79

Recently, the effect of methylphenidate on brain
glucose metabolism has been analyzed in two different
conditions in both cocaine abusers and nondrug abusers:
(1) when they expected to receive the drug; and (2) when
they expected to receive a placebo. In the former case,
the effect was approximately 50 percent greater than in
the latter, thus indicating that expectation enhanced the
pharmacological effect of the drug.137, 138

All these studies need to be considered when placebo
analgesia is studied, as they support the integration of
the understanding of placebo mechanisms in pain and
analgesia with other illnesses. This is fundamental and
necessary to identify similarities and differences that may
help to better understand of the many facets of the
placebo effect.

CLINICAL IMPLICATIONS

Many of the studies discussed in this chapter raise impli-
cations for both clinical practice and clinical trial design.
Interestingly, there has been far less investigation into the
nocebo response, even though the clinical implications
may carry the same degree of importance as those of
placebo mechanisms. As the study of placebo and nocebo
mechanisms advances, it is hoped that more is learned
about how to identify and exploit these mechanisms to
improve both clinical practice and patient’s quality of life,
and to develop new clinical trial designs.

The open-hidden paradigm has been discussed as an
interesting paradigm for studying placebo effects.139

Overall, at least three important clinical and methodo-
logical implications derive from this paradigm.17 First, the
lesser effectiveness of hidden treatments indicates the
crucial role of the patient–provider interaction. Second,
by using the hidden paradigm, the efficacy of some
treatments can be assessed without the need for placebo
administration, thus overcoming the ethical problem of
placebo administration and deception. Third, the hidden
paradigm can change the conception of how clinical trials
must be viewed and conducted. In fact, it is possible to
isolate the specific action of a treatment (such as the
pharmacological properties of a drug) from the overall
effect of the treatment (the specific action plus the con-
text-driven placebo mechanisms). One important impli-
cation of this paradigm is that it can demonstrate that
even though a drug may show strong analgesic efficacy in
a normal RCT design, it may in fact have little or no
specific analgesic properties. This was demonstrated in a
study by Benedetti and coworkers,95 whereby the CCK
antagonist proglumide was tested in both a standard RCT
design and a hidden fashion. When administered in full
view of the patient, proglumide was shown to be an
effective analgesic. However, when the patients did not
know they were receiving the drug, it had no effect on
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pain, demonstrating that the drug had no specific
analgesic properties (Figure 41.4). The action of the CCK
antagonist proglumide consists in the potentiation of top-
down placebo mechanisms and it does not act directly on
pain pathways. This valuable information would not be
obtained using a standard RCT design and therefore the
open-hidden paradigm may represent an excellent alter-
native for studying certain treatments. It also underscores
the power of the expectation component of an active
treatment on the overall effectiveness of the treatment.
In other words, proglumide induces a reduction of pain
if, and only if, associated with a placebo procedure. Today
we know that proglumide is not a painkiller, but it acts
on placebo-activated opioid mechanisms.

We have no a priori knowledge of which substances
act on pain pathways and which on expectation
mechanisms, and indeed virtually all drugs may interfere
with the top-down mechanisms. In the same way as the
Heisenberg uncertainty principle of physics states that a
dynamical disturbance is necessarily induced on a system
by a measurement, in clinical trials a dynamical dis-
turbance may be induced on the brain by virtually any
kind of drug. Thus, this uncertainty cannot be solved with
the standard clinical trial design.1 The only way to par-
tially solve this problem is to make the expectation
pathways, so to speak, silent.

The power of patient’s perception or expectations is also
highlighted by some of the previously mentioned studies,

whereby the manipulation of expectations were able to
improve the efficacy of a stimulant drug137, 138 and result in
reduced drug intake in postoperative pain.74 This is
also underscored by some recent clinical trials whereby the
patient’s perceived assignment to either a placebo or active
treatment better predicted the outcome to human fetal
mesencephalic transplantation (a treatment for Parkinson’s
disease)140 and acupuncture141, 142, 143 than did the actual
allocation. These studies clearly demonstrate that those
patients who experienced placebo responses show better
therapeutic outcomes and request fewer drugs than those
who are not under the effect of expectations.

Whether one wishes to look at placebo responses in
the light of meaning or context effects, it is clear that the
psychosocial context surrounding a given treatment can
play a significant role in the outcome of the treatment by
the activation of placebo and nocebo mechanisms. At the
center of this is the clinician, the patient, and the overall
treatment environment, and at this stage much more
research is needed to identify how changes in these factors
can potentiate placebo mechanisms and improve therapy.

At the same time, an ethical debate aimed at avoiding
the misuse of placebos in clinical trials, surgery, and
medical practice is necessary.1, 54, 55, 144

The Declaration of Helsinki maintains that it is
unethical to assign patients to receive a placebo when
effective treatment exists.145 However, the note of clar-
ification on paragraph 29 of the WMA Declaration of
Helsinki reads:

ya placebo-controlled trial may be ethically
acceptable, even if proven therapy is available, under
the following circumstances:

� where for compelling and scientifically sound
methodological reasons its use is necessary to
determine the efficacy or safety of a prophylactic,
diagnostic or therapeutic method; or

� where a prophylactic, diagnostic or therapeutic method
is being investigated for a minor condition and the
patients who receive placebo will not be subject to
any additional risk of serious or irreversible harm;

� all other provisions of the Declaration of Helsinki must
be adhered to, especially the need for appropriate
ethical and scientific review.146

Significant and controversial criticism has been made
in relation to the document. In general, the arguments
that are advocated for or against the use of the placebo
in clinical studies can be summarized as follows.
Placebo defenders sometimes use the utilitarian argument
whereby exposing subjects to placebo treatment is justi-
fied by the knowledge gained for future patients, whereas
placebo opponents reply that ethical obligations to the
single individual take precedence over science and society.
Placebo defenders also affirm that the approval of the
Institutional Review Board and the patient’s informed
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Figure 41.4 How the open-hidden paradigm is changing our

conception of clinical trials. A clinical trial with three arms (No

treatment, Placebo, CCK antagonist) shows that placebo is

better than no treatment and proglumide (CCK-antagonist) is

better than placebo in relieving pain. According to classical

clinical trial methodology, this leads to the erroneous belief that

the CCK-antagonist acts specifically on pain pathways as a

painkiller. This interpretation is wrong, as demonstrated by the

total ineffectiveness of the same CCK-antagonist when it is

given covertly, with the patient completely unaware that a drug

is being administered (Hidden CCK antagonist). Since the drug

has analgesic effects only in association with a placebo

procedure, its action is not specifically directed to the pain

pathways, but rather to the expectation pathways, enhancing

the placebo analgesic response (data from Benedetti et al.95).
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consent are sufficient, whereas placebo opponents con-
tend that most informed consent forms are incompre-
hensible, thus making the patient unable to judge the
experimental situations. Another point raised by many
placebo defenders deals with the use of placebos for
symptomatic treatments and not for curative therapies.
Placebo opponents argue that there is no justification
even for minor discomfort.

An emergent view among researchers and ethicists
argues that not only is the use of sham surgery ethical,
but that it should also be mandatory when conducting
trials to evaluate the effectiveness of surgical proce-
dures.147 There are, however, some opponents to placebo
surgery who emphasize the role of evidence-based
medicine.148

As far as medical practice is concerned, a positive
therapist–patient interaction does not require an ethical
discussion and is, indeed, an essential ingredient of any
therapy. Yet, deception remains a critical issue. On the
one hand, it is considered to damage the medical pro-
fession, contributing to the erosion of confidence and
trust in medical staff and caregivers.149, 150 On the other
hand, it may be justified by the concept of paternalism, in
which the physician’s purpose is not actually to deceive
but to cure.151, 152

What is clear now is that when looking at a given
therapy, one needs to not only look at the active prop-
erties of the intervention but also at the context in which
it is given and the particularly powerful role the clinician’s
words on the patient’s brain.153 It is hoped that future
research will further identify placebo mechanisms and
ways of accessing and harnessing these mechanisms in the
clinical setting for the benefit of the patient.
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KEY LEARNING POINTS

� A clinical trial is a a prospective comparison of

outcomes in patients assigned to test or control

treatment(s). If possible, assignment should be by

randomization, and all participants and observers should

be blinded for intervention type.
� The purpose of the study must be clearly defined,

meaningful, and aimed at increasing our knowledge and

improving patient care.
� One primary efficacy variable should be chosen.
� Document assay sensitivity (i.e. that the study is able to

find a true difference between groups) to make

interpretation of outcome data possible.
� Knowledge of the placebo response (i.e. context-sensitive

treatment effect) is essential in studies of pain.
� Placebo control is not unethical, but rescue pain relief

must be available for all patients taking part in pain

studies.

� Parallel studies are more easily analyzed and

interpreted, but require larger numbers of patients than

crossover studies.
� Evoked pain (e.g. pain during deep breathing and

coughing after a thoracotomy) may be a more sensitive

and important measure of treatment outcome than pain

at rest.
� Besides measurement of pain, physical functioning,

emotional functioning, participant ratings of global

improvement and satisfaction with treatment, and side

effects are important outcomes in pain studies.
� Report outcomes that can be used in meta-analyses

(e.g. number of patients with 30 and 50 percent

reduction in pain intensity).
� The trial should be registered in an open-access register,

and the results published according to the CONSORT

guidelines.

INTRODUCTION

A clinical trial is a planned experiment designed to assess
the efficacy of a treatment by comparing the outcomes in

a group of patients treated with a test treatment
with those observed in a similar control group of patients
(Box 42.1). The patients should normally be assigned to
one of the groups by a randomization procedure, and



enrolled and followed prospectively over the same time
period. Thus, studies using historical controls do not
qualify as clinical trials. Even if most published clinical
trials assess drug treatment, effects of other kinds of
interventions can, and should, be tested in the same way,
e.g. surgical procedures, physical therapy, nursing proce-
dures, and patient information. This chapter will speci-
fically address trial methodology in assessment of
analgesic drugs, but most issues are relevant for other
interventions as well.

EXPLANATORY AND PRAGMATIC ATTITUDES

Explanatory studies seek to find a causal relationship that
has general validity outside the particular clinical situa-
tion studied – a biological principle.1 A strict study design
may be necessary to obtain a precise answer to a specific
question.

Pragmatic studies, on the other hand, seek to find the
best way to treat patients in specific clinical situations.1

Results of a pragmatic study are not necessarily valid for
other populations or circumstances than those studied.

Often clinical trials have elements of both these
orientations. It is important to be aware of the differences.
Much too often, general conclusions are drawn from
pragmatic studies, or limitations of the study are not
sufficiently emphasized and understood. Table 42.1
summarizes typical differences between explanatory and
pragmatic studies.

WHAT IS THE PURPOSE OF THE STUDY?

A preliminary research question needs a thorough lit-
erature search before you define clearly the specific pur-
pose of the study. How will the proposed research
advance our knowledge and potentially lead to improved
patient care? Check the World Health Organization
(WHO) web portal for ongoing clinical trials in your field
(www.who.int/trialsearch).

DEFINE A PRIMARY EFFICACY VARIABLE

If many efficacy variables are measured and tested sta-
tistically, a problem arises. Even if there is no true dif-
ference between two treatments, the probability (p) of
finding a statistically significant difference at the 0.05
level if ten different independent variables are tested is

Box 42.1 An overview of the randomized
controlled clinical trial (RCT)

1. Define the purpose of the study. Perform a
thorough literature search. State specific
hypotheses.

2. Define clearly main outcome(s), classification
variables, and confounding variables.

3. Design the study. Controls. Placebo? Blinding.
Calculate sample size.

4. Apply for approval from ethical committee and
drug regulatory authorities (where applicable).

5. Use an adequate randomization method and
maintain allocation concealment.

6. Register the trial in an open-access trial
register before you start.

7. Conduct the trial. Make sure there is no
unmasking of patient or observer blinding.

8. Analyze the results. Use descriptive statistics,
test the hypotheses, and estimate treatment
effect size.

9. Draw conclusions with care. Be careful with a
posteriori hypotheses.

10. Publish the results in sufficient detail to permit
an informed judgment of the validity of your
conclusions.

Table 42.1 Important differences between explanatory and pragmatic.

Design issue Explanatory Pragmatic

Main question General biological principle, e.g. can presurgical

treatment prevent postoperative

hypersensitivity?

What is the best treatment in clinical

practice? For example, paracetamol

with or without NSAID

Patient selection Selective Inclusive

Treatments Specific actions (e.g. selective receptor agonists/

antagonists)

Clinical favorites, including combinations

Controls Placebo Other active medication

Dose High, often fixed Titrate as in clinic

Treatment conditions Optimal Corresponding to clinical practice

Outcomes Biologically meaningful Clinically relevant

Analysis Per protocol Intention to treat

NSAID, nonsteroidal anti-inflammatory drug.
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1 – 0.9510 = 0.40 (i.e. 40 percent). To avoid this problem, a
primary efficacy variable should be chosen before the
start of the study. This primary efficacy variable should be
the basis for the sample size determination. Ideally, the
primary efficacy variable should be a biologically or
clinically meaningful outcome. However, sometimes a
surrogate end point must be used. A surrogate end point
can be defined as an observed variable that relates in
some way to the variable of primary interest. Outcomes
used in studies in pain relief are discussed in more detail
below under More about outcomes in trials of pain
treatment.

STUDY DESIGN

The randomized, double-blind, placebo-controlled trial
has become the gold standard in investigation of new
analgesics. In general, inadequately controlled clinical
trials yield larger estimates of treatment effects than
adequately controlled trials.2 Thus, proper randomization
and blinding are essential. It is also of crucial importance
that the study is designed so that it is capable of finding a
real difference. The study must have assay sensitivity.

ASSAY SENSITIVITY

Demonstration of assay sensitivity means that a study is
documented to be able to show a significant difference
between a standard analgesic and placebo, between two
active drugs known to have different effects, or between
two different doses of an active drug. One classical
pitfall continues to appear frequently in published
studies. A comparison of two active drugs finds no
difference, and the authors conclude erroneously that the
two drugs are equally effective (see below under
Equivalence trials).

Assay sensitivity can be divided into upside sensitivity
(the ability to discriminate between two active drugs) and
downside sensitivity (the ability of a study to discriminate
between an active drug and placebo). The score of placebo
and standard active drug in a pain model decides upside
and downside sensitivity in that pain model. In general, it
is difficult to have both high upside sensitivity and high
downside sensitivity in the same trial.3

CHOICE OF TREATMENTS AND CONTROLS

The number of treatment groups necessary depends on
the aim of the study. The aim could be to demonstrate:

� superiority;
� equivalence;
� the relative potency;
� additive effect;
� synergy.

Superiority studies

A typical example is a critical trial of a new analgesic. As
a minimum, the new drug is compared with placebo,
and the aim is to show superiority over placebo. To help
in interpretation, at least a third group should be
added, using a standard analgesic drug in order to
document assay sensitivity of the trial (Figure 42.1). For
a complete discussion of design and interpretation of
superiority studies, see the interactive textbook chapter
by Max.4

Equivalence trials

The aim of an equivalence study is to show that one
active drug (e.g. a new cyclooxygenase-2 (COX-2)-spe-
cific inhibitor) has equal efficacy to a standard drug (e.g.
a nonselective COX inhibitor). The problem with this
kind of study is that very large numbers of subjects are
needed to prove that there is no clinically significant
difference. If the two drugs are truly equivalent and give
75 percent overall treatment success, and we want to
prove that the two treatments do not differ with more
than 10 percent success rate, we will need 232 patients
in each group to find this with 80 percent confidence
(p r0.05).

Underlying the interpretation of any equivalence trial
is the assumption that the standard therapy is effective
under the experimental conditions of the study. This is
not necessarily true and is a threat to the validity of
such trials. Assay sensitivity is not proven unless a third
group is added, either placebo, two doses of the active
comparator, or two active drugs with known efficacy
difference.

Another problem is to know what a clinically
important difference is under the specific conditions of
the trial. A third group receiving placebo could both
serve as a yardstick in judgment of what difference
is clinically significant and prove presence of assay
sensitivity.5, 6, 7

Relative potency

To find the relative potency, i.e. the relative size of a
standard drug necessary to produce an effect equivalent to
a test drug unit, at least four groups are needed. With two
groups of standard and test drugs, there must be parallel
dose response and overlap in effect size to correctly cal-
culate relative potency. Several doses of each drug would
be preferable. Relative potency may vary depending on
whether peak analgesia or total analgesia over a time
period is used for analysis if the drugs have different
kinetics.8

During recent years, some studies have aimed at
deciding relative potency by use of the patient-controlled

516 ] PART III CLINICAL TRIALS



100

80

60

40

20

0

P
ai

n 
in

te
ns

ity
 (0

–1
00

 m
m

 V
A

S
)

Drug administered

Drug X

Morphine

Hours after drug administration
43210

Drug XMorphine

200

150

100

50

0

V
A

S
–S

P
ID

100

80

60

40

20

0

P
ai

n 
in

te
ns

ity
 (0

–1
00

 m
m

 V
A

S
)

Drug administered

Drug X
Morphine

Hours after drug administration
43210

Placebo

Drug XMorphine Placebo

200

150

100

50

0

V
A

S
–S

P
ID

100

80

60

40

20

0

P
ai

n 
in

te
ns

ity
 (0

–1
00

 m
m

 V
A

S
)

Drug administered

Drug X

Morphine

Hours after drug administration
43210

Placebo

Drug XMorphine Placebo

200

150

100

50

0

V
A

S
–S

P
ID

(c)

(b)

(a)

Figure 42.1 The pain intensity (left) and the corresponding summed pain intensity differences (SPID; right) are based on observed pain

intensity (visual analog scale, VAS). Pain intensity difference (PID) is the pain intensity at drug intake minus the pain intensity at a given

later time point. SPID is the area under the curve multiplied by the trapezoid rule (see Figure 42.3). *Significantly different from placebo.

Panels (a), (b), and (c) show three different results. (a) No difference between drug X and the standard active drug. Possible interpretations:

1, the drugs are equally effective; 2, study methods are insensitive. (b) Study methods are insensitive to the analgesic effect of the

standard analgesic. Assay sensitivity is not demonstrated. No conclusions can be drawn. (c) Assay sensitivity is demonstrated – the study

can detect the analgesic effect of the standard active. Drug X is superior to placebo. Upside sensitivity is not tested. Reproduced with

permission from Stubhaug A, Breivik H. Post-operative analgesic trials: some important issues. In: Breivik H (ed.). Post-operative pain
management. Baillière’s Clinical Anaesthesiology: International Practice and Research 9. London: Baillière Tindall, 1995: 555–84.3
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analgesia (PCA) technique. This technique relies on a
number of assumptions. The principle of PCA is that
each patient will be able to titrate his plasma concentra-
tion and effect–organ concentration to constantly lie
around the MEAC (minimum effective analgesic con-
centration). By comparing drug consumption, one
should, in theory, be able to calculate relative potencies of
different drugs.

Objections to the validity of PCA comparisons are,
however, numerous. The pharmacokinetic profiles of the
drugs being compared should be similar. If the duration
of analgesia differs, the relative potency calculated is
influenced by the duration of the study period. The
PCA drug (e.g. morphine) may relieve one component of
the pain experience (e.g. acute nociceptive pain),
but not another pain component (e.g. acute neuropathic
pain). Especially in such situations, the severity of
pain is not the only factor that determines whether
or not the patient will push the dose-demand button.
Patients may choose not to push the demand button
because they have the impression that the drug gives rise
to side effects, such as unpleasant cognitive dysfunction,
sedation, and nausea, and a patient may prefer some pain
to these side effects. Thus, both analgesic profile and side
effect profile of the drugs being compared should also be
similar when the PCA technique is used to explore relative
potency between analgesic drugs. In addition, groups of
patients receiving the same drug in different bolus sizes
should be included as a test of assay sensitivity of the
method.9, 10

Additive effects

To document the additive effects of treatments is of
interest when two drugs examined represent different
classes of drugs (different mechanisms of action) with
different side effect profiles. A typical design would then
have four groups: placebo, each of the drugs separately,
and a fourth group with the combination of both drugs.
Ideally, it should also have groups with high doses of the
single drugs. This would ideally prove that the combi-
nation of smaller doses of both drugs is beneficial com-
pared with a higher dose of either single drug owing to
fewer side effects or to a limiting ceiling effect of analgesia
of the single drugs.

Synergy

To distinguish between additive and synergistic combi-
nations requires more advanced designs and statistical
expertise. Several doses of each drug and the combination
are needed.11 A graphical presentation as an isobologram
is easily interpreted (Figure 42.2). If the combination
(with confidence limits) lies below the line of additivity,
synergy has been proven.

WHY IS KNOWLEDGE OF THE PLACEBO
RESPONSE ESSENTIAL IN STUDIES OF PAIN?

There is a huge variation between subjects that undergo
similar procedures.12, 13, 14 Even if we only include patients
with a certain pain intensity magnitude, one major pro-
blem in trials of pain relief is that we do not know how
large the spontaneous reduction of pain without any
treatment at all would be.13, 14 For ethical reasons, we are
unable to measure it. A placebo group receiving placebo
treatment and an adequate rescue drug when needed is the
closest we can get. The placebo response, measured as the
reduction of pain after placebo treatment, is of course also
part of the active drug response. Thus, knowledge of the
placebo response in a study helps with interpreting the
active drug response. It is shown that there are huge dif-
ferences in the placebo response between studies.15 This
makes use of historical data on placebo response worth-
less. This must be kept in mind when evaluating trials that
have included only active drugs.
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Figure 42.2 Isobologram showing doses of drugs A and B that

have been calculated to give, for example, a 50 percent

reduction in pain intensity (points A and B are calculated by

regression from groups receiving escalating doses of A and B as

single drugs). With simple additive effect, the doses of a

combination of A and B necessary to give a 50 percent

reduction in pain lie along the line A–B (shown with the

confidence interval as dashed lines). Several groups receiving

escalating doses of the combination in a defined dose relation

(in this case 1:1) have been tested. Line X–Z indicates the

possible mixtures of this combination. The doses necessary to

give 50 percent pain relief are calculated by regression. Point Y

represents a simple additive effect; points along the line X–Y

show synergism; points along line Y–Z show antagonism. If the

calculated dose of the combination lies along X–Y and

confidence limits do not cross the confidence limits for line

A–B, the synergism has been proven, as indicated by point S

(arrows represent the confidence interval for S).
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PLACEBO TREATMENT IS NOT UNETHICAL

Is the clinical trial necessary, and is it ethical to randomize
patients and to give placebo treatment? The answer to
these questions depends on what we know about the
treatments in question. In medical practice, potentially
harmful treatments are often given without any doc-
umentation of effect. The major ethical question is to
evaluate the balance between the importance of the
objective of the study and the inherent risk to the parti-
cipating subject. The degree of risk and discomfort must
be favorably balanced by the probability of benefit to the
patient or to patients in general. Participation in a clinical
trial may have several advantages for the patient. How-
ever, even a modest additional discomfort or risk would
be unethical if the study were designed in a way to pre-
clude useful conclusions, or if the results for some reason
are withheld from publication. Thus, proper study design,
including placebo when relevant and publication of the
results, are important ethical imperatives.16

Placebo treatment is never inactive, without effects, or
equivalent to no treatment. The context of the adminis-
tration of a treatment always influences the outcome.
Unless the context-sensitive treatment effects (‘‘placebo
effects’’) are controlled, these may confound the outcome
measures of a trial. This is especially true when measures
of outcome rely on a subjective experience such as pain.
Even proxy outcome measures of pain trials, such as
functions, can be strongly influenced by context factors.
For an in-depth discussion of these aspects of clinical
trials, see Chapter 41, Placebo and nocebo.

METHOD OF RANDOMIZATION AND
ALLOCATION CONCEALMENT

As previously mentioned, randomization is crucial.
Randomization is an insurance against imbalance
between treatment groups with respect to important, but
often unknown, confounding factors. Variables that are
known to affect results can be controlled for by stratified
randomization (e.g. sex, age, diagnosis).14, 17 The method
is to produce a separate block randomization list for each
subgroup (stratum).17

The exact method used for production of the treat-
ment allocation list should be chosen carefully (e.g.
envelope method, computer generation, use of lists of
random numbers, randomization in blocks, etc.).17, 18, 19

Proper randomization minimizes systematic allocation
bias, but with small sample sizes randomization does not
prevent random imbalance. In small clinical trials, stra-
tified randomization is not effective and minimization is
the accepted method of ensuring balance between groups
for several known prognostic factors.20 Minimization
should be done by an independent person who allocates
the next participant in a trial to the treatment that best
minimizes imbalance between treatment groups across

multiple predefined prognostic factors. A random
element should normally be included in the process,
and use of specially designed software like Minim
(www-users.york.ac.uk/~mb55/guide/minim.htm) is recom-
mended.20

After proper randomization, adequate allocation con-
cealment must be continued. Proper allocation conceal-
ment prevents those who admit participants to the trial
from knowing the upcoming assignments.21, 22 Thus,
quasi-randomization, such as allocating to active or pla-
cebo on alternating weeks, or allocation by day of birth, is
not acceptable.

Both open access and commercial programs and
websites offer help with randomization. A directory
of randomization services has been made available
by Martin Bland (www-users.york.ac.uk/~mb55/guide/
randsery.htm).

INCLUSION OF PATIENTS: INCLUSION BASED
ON PAIN MECHANISMS? ENRICHED
ENROLLMENT

A careful selection and description of the population
under study is important. The protocol must define
clearly the inclusion criteria and the exclusion criteria.
The CONSORT statement also requires that the settings
and locations where the data were collected are repor-
ted.23, 24 This makes extrapolation of results to other
settings and populations easier.

Normally, a baseline pain above a certain level will
increase the sensitivity of the trial. If patients with a low
baseline pain are included, the potential treatment effect
may be small compared with random fluctuations in pain
intensity.

There is now a trend toward a mechanism-based pain
diagnosis and treatment. Inclusion criteria based on an
understanding of the pain mechanism should be con-
sidered in clinical pain trials.25 As an example, zoster
patients with severe allodynia may respond differently to
a treatment compared with zoster patients insensitive to
peripheral stimulation. In chronic pain trials, a screening
period before a patient is randomized to treatment is
usually necessary. This is important to document that
pain intensity and other variables are relatively stable.

Sometimes, an enriched enrollment procedure is
indicated to exclude nonresponders that make the study
insensitive. Enriched enrollment means that only subjects
who respond to the test treatment or a similar treatment,
enter the study. If, for example, a new oral N-methyl-D-
aspartate (NMDA) receptor antagonist is to be tested
against neuropathic pain but is expected to help only a
small subgroup of patients that are difficult to define on
the basis of clinical judgment, it may be acceptable to
include only patients who respond to an intravenous
infusion of a known NMDA receptor antagonist like
ketamine. Such an enriched enrollment strategy is meant
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to increase sensitivity and to reduce the risk of type II
error (see below under Statistical issues), but it may easily
introduce bias and problems with the interpretation of
the results. If the patients use the test treatment in an
open enrichment phase, they will more easily detect the
active treatment in the blinded study phase (see below
under Blinding and unblinding: active placebo). In
patients on stable use of analgesics, a ‘‘flare of pain’’ if the
drug is stopped will indicate that the patient is sensitive
for that class of drug, and this flare can be an inclusion
criterium and thus guide the enriched enrollment.
However, abrupt opioid withdrawal may aggravate
chronic pain even if long-term opioid treatment had
minimal analgesic effect.

BLINDING AND UNBLINDING: ACTIVE PLACEBO

Blinding of treatment is especially important when sub-
jective responses are measured. A double-blind procedure
means that neither the patient nor the observer can
identify the assigned treatment. A randomized, double-
blind technique is a gold standard that should be used
whenever possible. It is important to be aware that the
possibility of unblinding of patient and observer is a
serious threat to the validity of the study. The risk of
unblinding increases with the duration of the study, and
especially with crossover designs. After several weeks on
an active drug, both patients and investigators often
correctly guess the treatment allocation. Active placebo
aims to mimic typical side effects of active drugs, such as
sedation and dry mouth, without having any direct
pharmacodynamic effect on pain. Drugs such as benza-
tropine and benzodiazepines have been used to reduce the
risk of unblinding.26, 27

When the patient knows that he may receive placebo
treatment and he guesses, correctly or incorrectly, from
the onset of significant pain relief or side effects, that he
received an active treatment, the pain relieving effect of
the active drug, or of placebo will be increased, and vice
versa.28, 29

The CONSORTstatement (item 11b) proposes that the
success of blinding is reported.23, 24 However, very few
studies do this.30 One good example from the pain field is
a study by Gilron et al.31 The study reports not only the
patient’s guesses, but also the basis for the guess (absence
or presence of analgesia or side effects). Such information
may be very helpful in interpretation of results.

PARALLEL OR CROSSOVER STUDIES?

This is often an important question. A parallel design is
never wrong, but will often require a much higher
number of patients to answer the question than a cross-
over design. Parallel studies are preferred by regulatory
agencies for pivotal trials of new drugs. Single centers may

be forced to use a crossover design to be able to include a
sufficient number of patients to answer the research
question. Whereas a parallel study is easy to analyze, the
crossover design has several possible pitfalls.

The most serious problem with crossover designs is the
interaction between treatments (carryover effects). This
means that the effects of a treatment persist into the
subsequent period. A period effect means a systematic
difference between periods, irrespective of the treatment.
Other problems with the crossover design include an
increased length of study with more variation in pain, loss
of data as a result of more dropouts than in parallel
studies, and an increased risk of unblinding.

Parallel studies are by far the most common in post-
operative analgesic trials: each patient is allocated to
receive only one of the treatments tested. Parallel studies
are the most straightforward, are easy to analyze, and are
preferred by the majority of clinical trialists.32 If the study
population of a parallel trial is very heterogeneous, the
problems that are likely to arise include variability of
results, overlap between groups, and a low test power; no
difference between drugs can be demonstrated even if a
true difference exists. If the treatment effect is clinically
meaningful, but nevertheless is small compared with
interindividual variance, statistical power can be increased
considerably by use of a crossover design.

With crossover trials it is important to remember that
period effects and carryover effects exist, having both
pharmacological and psychological reasons. To reduce the
influence of these effects, a balanced design is necessary.
Patients are randomized to predefined sequences (Tables
42.2, 42.3, and 42.4). Carryover effects and period effects
can also be calculated and accounted for in the efficacy
analysis. However, both design and analysis of such stu-
dies are much more complicated than in parallel studies,
and should be avoided if statistical expertise is not
available. For a thorough discussion of crossover designs,
see Jones and Kenward.33

MORE ABOUT OUTCOMES IN TRIALS OF PAIN
TREATMENT

What is a meaningful end point?

Self-report measures are considered the gold standard in
pain studies because they reflect the subjective nature of
pain. Pain intensity is naturally often chosen as the pri-
mary outcome in studies of analgesics. From experi-
mental studies there is substantial evidence that patients’
assessment of pain intensity is a valid measure of
experienced pain.34 Often only the sensory dimension of
pain (pain intensity) is measured, but the overall burden
of suffering may depend on other aspects than the
intensity of pain, e.g. affective, emotional aspects and
interference with activities and sleep.
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It is a good idea to ask what the patients think is an
important outcome. In a qualitative study in chronic pain
patients on opioid treatment, the patients chose the most
meaningful end points to be (in descending order of
importance): decreased pain, decreased frequency of
scheduled doses, decreased opioid dose, decreased con-
stipation, decreased drowsiness, improved sleep,
improved activity of living, and improved concentra-
tion.35 This demonstrates that simply assessing pain
intensity may be an oversimplification of the measure-
ment of effects of an analgesic drug. Similarly, important
outcomes in acute pain include the ability to mobilize, to
take deep breaths, and the absence of distressing side
effects such as nausea, sedation, and cognitive dysfunc-
tion. A group called IMMPACT (Initiative on Methods,
Measurement and Pain Assessment in Clinical Trials) has
reviewed this area carefully and proposed core outcomes
for studies in chronic pain.36

Pain intensity, pain unpleasantness, pain
quality, and pain relief

Pain intensity is most commonly evaluated by an 11-
point numerical rating scale (NRS) (0–10; 0 = no pain,
10 =worst pain imaginable), by a visual analog scale
(VAS) (100-mm scale anchored at the two ends by the
descriptors ‘‘no pain’’ and ‘‘worst pain imaginable’’), or a
four- to five-point categorical verbal rating scale (VRS)
(e.g. 0 = no pain, 1 =weak pain, 2 =moderate pain,
3 = severe pain). Both the VAS and the 11-point NRS are
proven to discriminate better than the four-point VRS in
acute and chronic pain.37 The 11-point NRS is often the
preferred scale because of its simplicity and ease of use for
most patients. Assessment of pain affect or unpleasant-
ness is supported by the evidence that the affective
component of pain can be distinguished from the sensory
component (pain intensity) and may be differentially
responsive to treatments.38 Further description of pain
qualities can be sampled with the Short-Form McGill
Pain Questionnaire (SF-MPQ),39 which assesses 15 spe-
cific sensory and affective pain descriptors and provides a
total score and sensory and affective subscale scores. Pain
relief can be calculated from pain intensity differences,
but can also be assessed directly with similar instruments
as pain intensity. For a thorough discussion on pain
measurement, see Chapter 2, Practical methods for pain
intensity measurements and Chapter 3, Selecting and
applying pain measures.

Evoked pain

Instead of simply assessing ‘‘pain at rest,’’ additional
information can be achieved by using several types of
stimuli to evoke pain. Mechanical (Table 42.5), thermal,
and electrical stimuli can be used to measure pain
thresholds and to assess responses to suprathreshold sti-
muli. Likewise, a standardized body movement can be a
clinically meaningful stimulus (e.g. coughing, walking,
and moving the arms after breast surgery).

In a postoperative study, a low dose of ketamine was
shown to block the development of static hyperalgesia
(measured with von Frey filaments) around a nephrect-
omy incision, although it had only a minor effect on pain
at rest.40 Correspondingly, in a dental postoperative
model, Gilron and colleagues41 found that an AMPA/
kainate glutamate receptor antagonist (LY 293558) had
only a minimal effect on resting pain, but had a robust
effect on pain evoked by mouth opening. This demon-
strates that simply testing new drugs for their effect on
pain intensity at rest may falsely lead to the conclusion
that they are without efficacy.

In trials on chronic pain patients, use of thermal,
mechanical, and electrical stimuli have produced inter-
esting new information about disease mechanisms and
treatment effects.42, 43, 44

Table 42.2 Typical two-treatment crossover design.

Sequence Treatment

Period 1 Period 2

1 A B

2 B A

Table 42.3 A three-group, complete crossover design.

Sequence Treatment

Period 1 Period 2 Period 3

1 A C B

2 B A C

3 C B A

4 A B C

5 B C A

6 C A B

Table 42.4 Four-group complete crossover as a reduced,

balanced, Latin square design.

Sequence Treatment

Period 1 Period 2 Period 3 Period 4

1 A D B C

2 B A C D

3 C B D A

4 D C A B

This Latin square ensures that: (1) each subject has all treatments; (2) each
treatment occurs with equal frequency in each period; and (3) that each
treatment pair (e.g. A followed by D) occurs with equal frequency.
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Repeated measurements: create a summary
measure such as SPID or TOTPAR

Pain intensity and pain relief are usually measured repeat-
edly in studies on acute pain. Very often, there are different
time intervals between the measurements. In such cases, it is
a good idea to create a summary measure for a study-
relevant time period and use this as the main efficacy
variable.45 Summed pain intensity difference (SPID)
(Figure 42.3) is an example of one such summary measure.
Note that it is not simply a sum of measurements, but an
area under the curve (AUC) that takes time intervals
between measurements into account. Correspondingly,
TOTPAR is the AUC for pain relief (categorical scale)
multiplied by time data. Also, in chronic pain trials, ade-
quate use of baseline and repeated outcome measurement
in the analysis may increase the statistical power.46

Consumption of rescue analgesia and
remedication time

In many studies, in both acute and chronic pain, patients
are offered a rescue drug when needed. This is necessary
for ethical reasons. In such cases, group differences after
the primary intervention will be divided into two out-
comes: pain and rescue drug consumptions. As shown in
Figure 42.4, this may reduce the sensitivity of each of the
two outcomes, but can be compensated for by increasing
the number of patients included.40 The PCA consumption
as the single main outcome has weaknesses that have been
discussed above (see above under Relative potency). A
composite score that takes into account both pain
intensity and consumption of rescue analgesic can be a
useful tool in analyzing data from such studies, but has
not been used much.47, 48

In trials where a single dose is given, the time when a
rescue drug is needed and the subsequent response to the
rescue drug should be recorded. This remedication time is

a useful summary score, and the response to a standard
rescue drug gives important additional information.3

Onset of analgesia

There is no generally accepted definition of how the onset
of analgesia should be assessed clinically in acute pain.
Onset can be described in terms of both the probability of
obtaining onset and, for patients who obtain onset, the
distribution of time to onset. One relatively new method
is the use of patient-operated stopwatches. The watches
are started when the trial drug has been administered. The
patient is instructed to stop one watch the moment a
defined clinically significant amount of pain relief is first
experienced, e.g. when the first perception of pain relief is
present or when meaningful pain relief is first experi-
enced.49 For many patients, the first perception of pain
relief is not followed by a lasting meaningful pain relief.
Time to meaningful pain relief seems more robust against
placebo onset than time to first perception of pain relief.
Onset can also be derived from the pain relief readings at
prefixed time points. A common estimate of onset is the
midpoint of the time interval between the first interview
at which the patient reported onset and the preceding
interview. This derived onset variable is a calculated value,
not a measured one, and is often unable to discriminate
between active drugs and placebo, even if the active drugs
are superior in other efficacy measures.

Table 42.5 Evoked mechanical pain: nature of stimuli and

proposed research tools.

Nature of mechanical
stimulus

Research tool

Static

Punctate Von Frey filaments

Blunt Pressure algometer

Dynamic

Spatial distribution Artist’s brush

Cotton wool swab

Toothbrush

Temporal distribution Repetitive von Frey filament
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Figure 42.3 Graphical display of individual pain intensity

differences in a study of acute pain. Pain intensity difference

(PID) is pain intensity at drug intake minus pain intensity at a

given time point. SPID is the total (summed) area under the PID

curve, each subarea calculated by the trapezoid rule. In this

case, pain intensity is measured after 15 minutes, 30 minutes,
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Regardless of method, it will be difficult to calculate
one single value to characterize onset: for example, how
should one correct for patients who do not experience
onset before they receive rescue drug? Laska et al.49 have
proposed a clinically useful way to express relief and onset
characteristics of a drug using a set of percentiles. A
hypothetical example could read as follows, ‘‘For patients
whose pain is similar to that experienced by patients
examined in this study, it may be expected that 80 percent
will experience an effect from the drug. Of those who
have an effect, 25 percent will feel that they are obtaining
meaningful relief by ten minutes or sooner, 50 percent by

20minutes or sooner, 75 percent by 40minutes or sooner,
and almost all who obtain an effect will have obtained it
by 60minutes.’’

Similar to measurement of onset, the patient can be
asked to stop a second watch when the clinically sig-
nificant pain relief is no longer felt (offset).

Pain interference with daily life (physical and
emotional functioning). Health-related quality
of life

IMMPACT recommendations include assessment of pain
interference with physical functioning and emotional
functioning.37 A disease-specific measure is recom-
mended if a well-accepted one exists, as for example
WOMAC for osteoarthritis pain.50 One simple general
inventory for measuring physical functioning is the Brief
Pain Inventory (BPI). The patient scores how the pain
interferes with general activity, mood, walking ability,
work, relations with other people, sleep, and enjoyment of
life.51 Proposed inventories for emotional functioning are
the Beck Depression Inventory52 and the Profile of Mood
States (POMS).53 Further developments of such instru-
ments are under way, and the use of item response theory
will allow individual questions depending on known
patients characteristics and previous answers.54

Generic measures of health-related quality of life
(QoL) like the SF-3655 allow comparison with other dis-
orders. It is an impressive finding that patients suffering
from chronic nonmalignant pain have as low health-
related QoL as patients in the terminal phase of cancer.56

Clearly, clinical trials on chronic pain should assess QoL
in addition to more traditional pain assessment.36

Side effects

In many clinical settings, the side effects are as important
as the treatment effect. The quality of reporting varies a
great deal.57 Studies using only open-ended question like,
‘‘Have you experienced any side effects?’’ in general report
fewer side effects than studies using more structured
interviews. Specific questions regarding important side
effects with assessment of intensity, duration, and inter-
ference give valuable information.

Global assessment

A global question, such as ‘‘What is your overall satis-
faction with the treatment?’’ is an important question at
the end of the study because it gives the patient an
opportunity to evaluate the positive effects (analgesia,
better sleep, etc.), the negative drug effects (side effects),
and the comfort and feasibility of the method employed.
A patient with total analgesia but unacceptable side effects
may choose to give a low score on the global assessment.
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Figure 42.4 Difference in pain intensity and morphine

consumption (patient-controlled analgesia, PCA) for the first

four postoperative hours between a group receiving a low dose

of ketamine and placebo. Note that an initial difference in pain

intensity at one hour leads to a higher opioid consumption in

the group with more pain. This leads to reduced pain, but never

a full compensation. The initial group difference in pain

intensity is divided between the two variables of pain intensity

and opioid consumption. After four hours, no group difference is

present (data not shown). Reproduced with permission from

Stubhaug A, Breivik H, Eide PK et al. Mapping of punctuate

hyperalgesia surrounding a surgical incision demonstrates that

ketamine is a powerful suppressor of central sensitization to

pain following surgery. Acta Anaesthesiologica Scandinavica.
1997; 41: 1124–32.40
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Global assessment scales should have options for both
improvement and worsening. One such scale is the
Patients Global Impression of Change (PGIC) which is
suitable for chronic pain trials. The participants rate their
response during a trial with the options ‘‘very much
improved,’’ ‘‘much improved,’’ ‘‘minimally improved,’’
‘‘no change,’’ ‘‘minimally worse,’’ ‘‘much worse,’’ and
‘‘very much worse.’’3, 36

What is a clinically important change in pain
outcomes?

Two studies by Farrar et al.58, 59 concluded that an
approximate reduction of 30 percent in pain intensity
corresponds well with the patient’s experience of clinically
meaningful pain relief. Thus, if pain intensity is the main
outcome, it seems reasonable to design a study that is
large enough to be able to detect a 30 percent reduction in
pain intensity. This topic has been carefully reviewed and
benchmark values for several core outcomes have been
proposed.60

Outcomes that can easily be extracted for use
in a meta-analysis (responder analysis)

With the increased focus on systematic reviews, there has
been a call for standardization of outcomes and reporting
in trials in pain relief to make it easier to compare and
reproduce research results.

For use in systematic reviews, quantitative data have
been dichotomized into success or failure before data from
several studies are combined. Until now, the fraction of
patients achieving 450 percent of the maximum possible
pain relief has most frequently been extracted from acute
pain trials, and the fraction achieving an estimation of 50
percent pain relief has been extracted from studies in
chronic pain.61 A significant change in the mean may be
the result of both a moderate change in many patients and
a major change in a small number of patients. Therefore,
extraction of data should ideally be based on individual
data of a standard dichotomous or dichotomizable out-
come. Number of patients with 430 percent reduction
and 50 percent reduction in pain intensity is suggested by
IMMPACT in a recent concensus report.36, 62

LONG-TERM TRIALS: ASSESSMENT OF
QUALITY OF LIFE

There is a considerable lack of long-term trials in chronic
pain. Most trials last only a few weeks at the most. One
reason is that it is ethically difficult to keep patients on
placebo for long periods. A solution is a second open-
label phase after the initial blinded trial. Longer-term
trials are necessary to assess whether treatment effects are
lasting and, most importantly, to assess the impact of
treatment on a patient’s global situation, taking into
account side effects and measures of quality of life.

STATISTICAL ISSUES

It is beyond the scope of this chapter to cover statistical
issues in any detail. Statistical planning before the start of
the study is very important: if you think you will need
help with the statistics, this is the time to seek it.

One critical aspect in the planning of a clinical study is
to estimate the sample size required. The number of
subjects necessary to obtain a certain power depends
upon the magnitude of the difference that is considered
interesting to detect and the variance of the variable
under study in the population. It follows that knowledge
about the variation is critical. Sample size calculations
based on pilot results are generally more reliable than
results based on results in the literature. The purpose of
the sample size determination is to avoid both false-
positive (type I error), with choice of a sufficiently low a
(usually 0.05), and false-negative (type II error) results
(Table 42.6). If the sample is too small, it will be
impossible to show that even large differences are due to
anything other than chance. The sample size is normally
set so that if the chosen difference exists, then it is more
than 80 percent chance (80 percent power, i.e b= 0.20)
that a statistically significant result will be obtained.

How do we treat drop outs? Intention-to-treat
versus per-protocol analysis

Randomization and blinding is not sufficient to secure an
unbiased comparison between treatments. In addition,

Table 42.6 Cells A–D show four possible results of a clinical trial; small sample sizes increase the risk of the results shown in cells B and C.

Objective truth

Difference between treatments No difference between treatments

Conclusion of the

clinical trial

Difference between

treatments

A: Correct conclusion of the clinical trial

(true-positive)

C: Incorrect conclusion (false-positive);

type I error

No difference between

treatments

B: Incorrect conclusion (false-negative);

type II error

D: Correct conclusion of the clinical trial

(true-negative)
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missing data should be ignorable. This is seldom the case
in pain studies.

In acute pain, single-dose trials, it is common that
patients leave the study when they receive rescue medi-
cation (in accordance with the protocol). Usually, they are
assigned the baseline pain intensity or the last real
observation immediately before rescue for the rest of the
trial (last observation carried forward (LOCF)). This
introduces potential bias.3, 63 At the end of the trial, the
proportion of real assessments may be small.

Pain intensity at withdrawal will tend to be higher for
those who leave the study early versus those who leave the
study late. A drug with early onset and moderate effect may
score better than a drug with late onset good effect due to
the effect of observations carried forward after rescue.3

In long-term trials, patients do not normally leave the
study even if they use rescue drug. However, they may
stop using the drug under study, e.g. due to lack of effect
or to side effects. Should such patients be excluded from
the efficacy analysis?

A per-protocol (PP) analysis compares outcomes only
in those patients who are sufficiently compliant with the
protocol. This means that both the intervention and the
assessments are undertaken according to a minimum
defined in the protocol. A per-protocol analysis gives an
estimate of the so-called method-effectiveness, which is
often of interest to clinicians as long as proper informa-
tion is given about all patients entering the study.64

However, all postrandomization exclusions may inflate
the risk of type I error (finding a difference when a true
difference does not exist). An intention to treat (ITT)
analysis is based on the initial treatment intent (the
randomization), not on the treatment eventually received
by the patient. The reasons why the patient did not
receive the treatment as randomized are ignored. The ITT
analysis estimates the use-effectiveness. A true ITT ana-
lysis requires complete follow up, including main out-
comes and side effects, regardless of compliance with the
intervention. This is not always possible, and authors
often define the ITT population less strictly, e.g. all
patients with usable outcome assessment. Both ITT and
PP analysis give information of interest.65 In many stu-
dies, both analyses should be presented with a strict
definition of the populations.24 If the PP analysis and the
ITT analysis differ, the reasons for this must be further
investigated. A simple example of ITT and PP analysis in a
study with many drop outs is presented in Table 42.7.

In crossover studies, drop outs create additional pro-
blems. Paired analysis can only be undertaken with
patients who have outcomes from all periods. This makes
true ITT analysis impossible for efficacy evaluation. In
addition, drop outs may invalidate a balanced design. A
complete description of the patient flow and reasons for
postrandomization exclusions must be given.23, 24

REGISTER YOUR TRIAL

Publication bias means that studies finding a difference
between treatments are more likely to be published than
negative ones. Not to report study results is increasingly
seen as scientific and ethical misconduct, and the pressure
to register trials to reduce underreporting is growing.66

Prospective registration of all trials in an open access
register is the solution. This gives transparency regarding
ongoing trials, their planned study size, chosen primary
outcome, and several other key items. Several registers
exist today.

The ISRCTN register (http://isrctn.org) and the NIH-
based register (http://clinicaltrials.gov) are the largest
with 42000 and 41000 pain studies registered, respec-
tively. In 2007, the WHO opened a web search portal for
clinical trials from several primary registers
(www.who.int/ictrp/en).

PUBLISH YOUR TRIAL

The revised CONSORT statement presents a checklist of
22 items that should be properly reported and a flow
diagram to show the passage of patients through a ran-
domized controlled trial.23, 24 A template and updated
guidelines are available from the CONSORT website
(www.consort-statement.org). There is no reason not to
use these guidelines when applicable.

According to the revised Helsinki Declaration, all results
should be published.16 For studies not fully published in
peer-reviewed journals, there is at present no formal con-
sensus on standards for the minimum of results reporting.
It is expected that guidelines for results reporting will be
established as part of the WHO clinical trial registry
platform. In the near future, study approval might be given
only on the condition that the trial is registered and that
main results will be reported in an open register.

Table 42.7 A simple example of a study where intention-to-treat- and per-protocol analysis lead to different conclusions.

New Old Analysis Interpretation

Randomized subjects 100 100 Intention-to-treat:

Responders 50 50 50 responders/100 versus 50 responders/100 New=Old

Received intervention 60 90 Per-protocol:

Responders 45 45 45 responders/60 versus 45 responders/90

New, better than Old
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CONCLUSIONS

A clinical trial is a comparison of outcomes in patients
randomized to test or control treatment(s). If possible, all
participants should be blinded for the intervention
type(s). An explanatory trial seeks to explore a general
biological principle by finding a causal relationship that
has general validity outside the particular clinical situa-
tion studied, whereas a pragmatic trial seeks to find the
best treatment for a particular condition or group of
people. The purpose of the study must be clearly defined,
meaningful, and aimed at increasing our knowledge. It is
important to choose one primary efficacy variable. In
order to make interpretation of outcome data possible,
one should document upside assay sensitivity (i.e. an
active control treatment is effective) and downside assay
sensitivity (unspecific (‘‘placebo’’) control is less effec-
tive). Knowledge of the placebo response (i.e. context-
sensitive treatment effect) is essential in studies of pain.
Placebo control is not unethical, but rescue pain relief
must be available for all patients taking part in pain
studies. Undertaking a study that gives results that cannot
be interpreted is unethical.

True randomization of patients to the interventions
being studied and allocation concealment reduces bias.
Blinding of participants and observers to test treatment(s)
also reduces bias; unblinding (e.g. because of effects or
side effects) may increase or decrease active treatment
effects.

Parallel studies are more easily analyzed and inter-
preted, but require larger numbers of patients than
crossover studies.

About 30 percent reduction in pain intensity is con-
sidered meaningful by patients.

Evoked pain (e.g. pain during deep breathing and
coughing after a thoracotomy) is often a more sensitive
and important measure of treatment outcome than pain
at rest. Other patient-reported outcomes like pain inter-
ference with physical and emotional functioning should
be assessed in addition to pain intensity. Report outcomes
that can be used in meta-analyses (e.g. proportion of
patients with more than 30 percent pain relief). Seek
statistical help while planning the trial. Register your trial
in an open access register. Publish your trial results. Fol-
low the CONSORT guidelines for reporting a randomized
controlled trial.
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KEY LEARNING POINTS

� The dental pain model = patients in postoperative pain

(first 12 hours) after surgical removal of mandibular

third molars.
� The patient population is young and healthy patients

largely unencumbered by concurrent disease and thus

concomitant medication.
� Oral analgesics are best tested using this model.

� Thorough planning of protocol and keeping to the

protocol.
� Adherence to randomized controlled trials.
� Good clinical trial practice, i.e. approval from ethical

committee and Medicinus Agency.
� The primary outcome measure should be the direct

assessment of change in pain intensity.

INTRODUCTION

Surgical removal of mandibular impacted or incompletely
erupted third molars in ambulatory patients is a common
procedure, both in general dental practice and in oral
surgery practice (Figure 43.1). The operative procedure
results in hyperalgesia two to four hours later, with car-
dinal signs of inflammation (rubor, calor, tumor, dolor,
functio laesa) involving the alveolar bone, surrounding
mucosa, and masticatory organs. The study of pain and
pain relief after this type of surgery is often referred to as
‘‘the dental pain model.’’ The postoperative pain experi-
enced varies from mild to severe following dissipation of

the local anesthetic block, reaching its peak within the
first six hours. Following this initial period, acute pain
abates and the patient requires less analgesic medication.1

Although the duration of pain and discomfort may
last for more than four postoperative days, it is usually
transient and is limited to one to three postoperative
days.2 Other sequelae, such as trismus with reduced
mouth opening and facial swelling, may also appear
gradually, peaking at between 48 and 72 hours.3[II] The
majority of these patients are healthy young adults (18–30
years old) without former experience of oral disability
or consuming medication, which could influence pain
assessment or interact with the analgesic under study.



This chapter will predominantly address trials for the
relief of postoperative pain after third molar surgery and
only briefly discuss other acute dental pains that have
been employed for the evaluation of analgesics.

Using the dental pain model, Lökken and coworkers4

[II] published the first study on acute pain and inflam-
mation following third molar removal in 1975, and in the
subsequent decade they published several clinical studies
which examined the efficacy of oral analgesics using this
model.5 A crossover design was originally used in patients
who required bilateral surgical removal of third molars,
with each patient undergoing unilateral surgery on two
separate occasions and receiving alternate interventions
on each. However, this crossover design has lost some of
its popularity because of the limited number of test drug
groups possible in this design (see Improving and doc-
umenting assay sensitivity) and because of a potential
carryover effect when each patient acts as his or her own
control. The parallel group design is now more common,
in which each patient undergoes one operation and
receives a single treatment only. The parallel design also
enables more than two test drugs to be examined, and
carryover effects are absent because each subject partici-
pates only once. A drawback of the parallel design,
however, is a greater variation in assessments between
patients than in the assessments from each patient on two
separate occasions using the crossover design. The dental
pain model has been extensively used in the evaluation of

the pain-relieving effects of nonsteroidal anti-inflamma-
tory drugs (NSAIDs), paracetamol (acetaminophen),
opioids, local anesthetics, and combinations of these
given before, during, or after surgery.1 Not only tradi-
tional and new analgesic and anti-inflammatory drugs,
but also antibiotics, corticosteroids, homeopathic treat-
ment, low-energy-level laser, and complementary healing
have been evaluated using the dental pain model.1, 6[II],
7[II], 8, 9[II], 10, 11[II]

ADVANTAGES OF THE DENTAL PAIN MODEL

The dental pain model is generally considered to be
sensitive in documenting whether the analgesic effec-
tiveness of ‘‘mild’’ analgesics is superior to that of pla-
cebo,12[II] as well as in discriminating between analgesic
drugs of differing analgesic potencies.13 In fact, McQuay
and Moore14 recommend the removal of lower third
molars as their model of choice for an explanatary trial
of an oral analgesic in the latest Textbook of Pain. In
most oral maxillofacial surgical units, there is an abun-
dance of otherwise healthy young adult patients under-
going third molar surgery, of whom approximately
half will require analgesia. Most patients are willing to
participate and, being young adults, will understand
instructions and comply with protocol requirements
when well informed by the investigator. The surgical
procedure is usually elective and postoperative pain is
confined to one area of the body. The large number
of patients undergoing third molar surgery at oral
maxillofacial surgical units means that an adequate
supply of patients can be found within a reasonable time
frame for trial execution. Thus, the readily available
patients, the relative simplicity of the procedure, and the
immediate pain experienced create an ideal setting for
analgesic trials.15[II]

LIMITATIONS OF THE DENTAL PAIN MODEL

The natural course of postoperative pain following third
molar surgery is fairly short. Time to peak pain intensity
after removal of impacted wisdom teeth is approximately
six hours after surgery.16[I] Therefore, trials can only be
of limited duration, ideally taking place within the first
6–11 postoperative hours. Variation in baseline pain after
third molar surgery is large,17[II] with only 40–60 percent
of patients reporting moderate to severe pain.18[II], 19[II],
20[II] The dental pain model has been recommended only
for single-dose studies owing to this variability among
patients.21 Only 20–40 percent of patients undergoing
unilateral mandibular third molar surgery have been
reported to experience pain and discomfort during the
first three postoperative days,22[I] whereas 37–75 percent
of patients undergoing surgical removal of all four third
molars experience pain and discomfort during the first

Figure 43.1 Surgical removal of impacted third molars is a

useful setting for acute postoperative pain trials. The impacted

third molar in the lower jaw requires surgical removal, a

procedure that will be associated with postoperative pain of

moderate to severe intensity in approximately 50 percent of

patients.
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three postoperative days.23[I] Owing to this variation
of pain intensity during the first postoperative days,
repeated dose analgesic trials lasting more than 11 hours
may thus not have sufficient assay sensitivity for
differences to be detected between analgesic test drugs.

Surgical removal of third molars is usually performed
on outpatients under local anesthesia, but occasionally
general anesthesia is employed. Recovery from general
anesthesia is often complicated by side effects which may
hinder pain intensity evaluations. The postoperative
facilities at the oral maxillofacial surgical units may also
be insufficient for pain assessment.

THE PROTOCOL AND GOOD CLINICAL TRIAL
PRACTICE

The study of subjective experience such as pain is
notoriously subject to bias. Meticulous protocol design
and subsequent close adherence to it and monitoring
improves the quality of the trial. Analgesic trials using
the dental pain model should adhere to the general
rules of good clinical trial practice,24 which demand
not only high ethical and scientific standards but
also meticulous conduction, recording, terminating, and
reporting of trials according to preestablished criteria in
the study protocols. Inadequate methodological standards
correlate with bias in estimation of treatment effect, and
blind assessments of analgesics produce significantly
lower and more consistent measurements than open
assessments.25 Analgesic trials therefore require strict
adherence to the principles of randomized controlled
trials (RCTs).25, 26

The essence of good clinical trial design and execution
is to:

� define a clear purpose and hypothesis;
� describe the effect variables and how they will be

measured;
� describe any known confounding variables and

control for them by exclusion criteria or by stratified
randomization;

� justify study design: parallel groups or crossover;
single dose or multiple repeated doses of test drug.
Control group(s): standard active, one or more
doses, and placebo;

� calculate sample size to achieve sufficient statistical
power. If necessary, perform pilot study to be able to
estimate variation and sample size;

� receive ethical committee approval and Medicinus
Agency approval prior to starting the trial;

� sign patient insurance if needed according to hospital
policy;

� randomize using accepted methodology;
� mask test drugs and secure blinding of patients and

observer;
� receive oral and written informed patient consent;

� guide, inform, and support patients to ensure
protocol compliance and to ensure that there is no
unblinding of patients nor of observers;

� ensure blinding of patients and observers throughout
the study period and beyond evaluation of effect
variables measured in each patient ( = double blind);

� analyze data using descriptive statistics and test
statistics. Estimate treatment effects with confidence
intervals;

� make conclusions based on findings and statistical
analysis;

� record details of dropouts, missing data, rescue
treatment;

� publish the study according to the CONSORT
statement, allowing the reader to evaluate the validity
of your findings.26

PATIENT INFORMATION, CONSENT, AND
MONITORING

The principles of the Declaration of Helsinki should be
adhered to when asking eligible patients to participate in
analgesic trials. Thus, patients should be informed of the
basis for conducting the trial, the stage of test drug
development, the expected test drug efficacy, and the
expected side effects of active control groups and placebo
when included. Patients should be informed that they do
not have to give a reason for not participating in the trial
and that their consent to participate or refuse will not
affect the standard of clinical care that they will receive.
Written informed consent must be obtained prior to
surgical procedure.

Our experience is that the majority of patients do not
decline when asked to participate, and, if they do, the
usual reason is the inconvenience of staying in the clinic
for baseline pain assessments and instructions. This
refusal is less often the case if they have been informed of
trial procedures at an earlier visit. In trials in which pla-
cebo is included, however, more patients are reluctant to
participate, despite the availability of rescue medication.

OPERATIVE PROCEDURES

To reduce variability in pain due to surgical trauma, the
surgical technique should be strictly standardized and the
operation preferably performed by a single surgeon.27[II]
Surgical removal of mandibular impacted third molars
is usually performed under local anesthesia using,
for example, lidocaine (lignocaine) 20mg/mL and epi-
nephrine (adrenaline) 12.5 mg/mL (Xylocain–Adrenaline,
AstraZeneca, Sweden) block of the nervus alveolaris
inferior and infiltration of nervus bukkalis. This techni-
que allows evaluation of baseline pain approximately
three hours later.28[II] A 3- to 4-cm soft-tissue incision is
performed and the mucoperiosteum reflected to visualize
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the tooth. Cortical alveolar bone is then removed by burr
under saline irrigation and the impacted tooth is sec-
tioned and elevated. Finally, the mucoperiosteal flap is
repositioned with sutures and an inlay of a 2� 1 cm gauze
drain saturated with 3 percent chlortetracycline ointment
(Terramycin-Polymyxin B, Pfizer, USA) is left in the
wound opening. No other antibiotics, sedatives, or
other drugs are administered to the patients eligible for
trial participation. The procedure should be performed
in the morning, so that assessments are taken during the
afternoon and early evening for all patients.

PATIENT UNDERSTANDING OF INSTRUCTIONS
AND COMPLIANCE WITH PROTOCOL

To adequately measure the baseline pain intensity of
trial participants, patients should remain in the clinic
until full recovery from the local anesthetic block is clearly
evident. One investigator has the responsibility for patient
surveillance. Patients are instructed to rate their present
pain intensity half-hourly after surgery or extraction on a
visual analog scale (VAS), or a numerical rating scale
(NRS). A categorical verbal rating scale has been
demonstrated to be a less sensitive measure of pain
intensity and is no longer used in our department.29[II],
30[II] After dissipation of the effects of the local anes-
thetic, patients who do not report a pain intensity of
more than 50mm on a 100-mm VAS are excluded and
discharged from the clinic with routine postoperative
instructions; routine analgesics are prescribed. The
duration of the conduction block (inferior alveolar nerve
block) with lidocaine 20mg/mL with epinephrine 12.5mg/
mL is, on average, 85 minutes for the dental pulp and 190
minutes for the oral soft tissue.28 In our studies, patients
did not experience moderate to severe pain until 3–3.5
hours after injection of local anesthesia.20[II], 29[II]

Patients who do report a pain intensity equal to or
greater than 50mm on a 100-mm VAS are randomized,
given the test drug, and asked to remain for a further 30
minutes in order to rate pain relief on a five-point verbal
pain relief scale (PAR). Patients then record the remaining
pain intensity assessments after they have left the clinic.
By now, the observer will have an impression of the
patient’s ability to understand instructions and use the
VAS and the PAR.

Since most of the pain diaries will be attended to after
the patients have left the clinic, the patients must be
contactable by the investigator or monitor to ensure the
quality of the trial data. Contacting participants by tele-
phone in the afternoon increases patient compliance,
reminds patients of their obligations as trial participants,
and serves as an extra service for the patient if they have
questions regarding their postoperative course, assess-
ments in their home diary, or rescue drug intake. Overall
ratings of drug efficacy and side effects are performed at
the end of the observation period as a global score on a

VAS or a categorical scale. The home diary is returned
on the seventh postoperative day when sutures and
chlortetracycline gauze are removed.

Inclusion criteria for trial participants prior to
drug administration

� Indications for surgical removal of third molars are
present31 (Box 43.1).

� Either sex, between 18 and 40 years old.
� No history of chronic pain.
� Asymptomatic mandibular third molar on the day of

operation (no symptomatic pericoronitis or pulpitis).
� Baseline pain intensity (i.e. pain at drug intake) of

predetermined magnitude (see Baseline pain intensity
as a confounding factor).

Exclusion criteria for trial participants prior to
drug administration

� Concomitant medication (except oral contraceptives).
� Any form of systemic steroid treatment during the

last month.
� Known hypersensitivity to the test drugs.
� Bronchial asthma or gastrointestinal ulcerative

disease (if test drug is an NSAID).
� Inflammatory gastrointestinal disease (Crohn’s

disease or ulcerative colitis).
� Hepatic or renal disease.
� Pregnant or lactating women.
� Anxiety related to dental treatment.
� Alcohol consumption one day or less preoperatively.
� Deviation from surgical procedure as specified in the

protocol.
� No pain or inadequate pain intensity level after offset

of local anesthesia (baseline pain).
� When motivation and compliance with protocol is

questionable.

Box 43.1 Report of a workshop on
the management of patients with third
molar teeth.31 Indications for third molar
removal according to The National
Institute of Health (NIH), USA

� One or more episodes of pericoronitis.
� Unrestorable caries in the third molar tooth.
� Distal caries in the adjacent tooth.
� Periodontal disease (resulting in bone

destruction).
� Evidence of follicular enlargement.
� Resorption of the third molar or adjacent tooth.
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IMPROVING AND DOCUMENTING ASSAY
SENSITIVITY

The objectives of comparative analgesic trials are to
demonstrate that the effectiveness of one treatment is
significantly better than another, or that a new drug is
superior to placebo and at least as effective as a ‘‘stan-
dard’’ analgesic. Interpretation problems arise when no
difference is revealed between the treatments in a trial that
does not embody placebo or standard analgesic com-
parators.32 As a result, it cannot be ascertained whether
the outcome for the test drug indicates that it is equally
effective or whether the assay sensitivity is inadequate.
Study error could occur, for example, due to patient
distress in the clinical setting to respond normally to
medication or to understand properly the pain ques-
tionnaires/pain diaries. The procedure or the information
from the clinical investigator could be insufficient, or
contain confounding factors, or data could vary merely
because of random variation. Selection of adequate con-
trol groups (standard analgesics in two doses, or placebo,
or both) is therefore essential to verify and document
that the study methodology can distinguish between
degrees of analgesic effectiveness. Testing the analgesic
drug against a placebo control will detect whether it is an
analgesic. Testing the analgesic drug against a standard
analgesic control, for example paracetamol, can indicate
how much of the pain relief is caused by placebo effects.32

The importance of documenting assay sensitivity was
well illustrated in another dental test model for the eva-
luation of oral analgesics: acute apical periodontitis or
acute apical abscess causes moderate to severe odontalgia.
The dental treatment is usually pulpectomy and analge-
sics are usually prescribed for the management of post-
operative pain. In patients with moderate to severe
baseline pain, pulpectomy combined with placebo med-
ication resulted in a 50 percent reduction in pain during
the first 24 hours.33[II] This means that most of these
patients receive pain relief from the dental treatment
alone. Analgesic trials performed on endodontic emer-
gency patients must therefore also have test drug com-
parators that enable assay sensitivity to be controlled.
Assay sensitivity was documented, for example by
Doroschak and coworkers,33[II] through the superior
analgesic effect of the combination of flurbiprofen plus
tramadol compared with placebo on endodontic pain.

BASELINE PAIN INTENSITY AS A
CONFOUNDING FACTOR

Adequate and homogeneous baseline pain intensity is
an important factor in determining the outcome of a trial
of analgesic drugs.34 Even in standardized forms of
surgery, such as the surgical removal of impacted third
molars, patients vary tremendously in their reported
discomfort.17[II] Mild pain may be sufficient in a trial

where the aim is to document that a weak analgesic drug
is superior to placebo.17[II] However, patients who enter
the study suffering from severe pain have a greater
potential for pain relief, as measured by the decrease in
pain intensity, than patients who enter the study with a
lower pain intensity. Thus, in trials designed to document
whether two or more analgesic drugs are significantly
different from each other, at least moderate to strong pain
intensity is required.20[II], 34[II]

It is well documented that postoperative pain intensity
after third molar surgery increases with the extent of the
surgical intervention.2, 35[I], 36[I] This was confirmed in a
trial of 293 patients who were stratified into groups
according to the extent of trauma of third molar removal:
extraction of one upper third molar, surgical removal of
one mandibular impacted third molar, or surgical
removal of two ipsilateral impacted third molars.17[II]
Although baseline pain intensity was related to the extent
of surgical trauma, the variation in pain intensity
experienced by patients with similar degrees of surgical
trauma was large (Figure 43.2). The duration and degree
of surgical trauma are thus only partly responsible for
the postoperative pain intensity. Two factors which seem
to considerably confound the pain intensity are: psycho-
logical status and the degree of tissue trauma (i.e. skill of
operator), despite difficulty in extraction. In a follow-up
study in which patients were screened for their baseline
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Figure 43.2 Mean (standard deviation) baseline pain intensity

in the three clinical groups following third molar removal. Extr,

extraction of one fully erupted maxillary third molar (n= 100);
Surg� 1, surgical removal of one impacted mandibular third

molar (n= 95); Surg� 2, surgical removal of two ipsilateral

impacted third molars (n= 98); VAS (0–100mm). �po0.05;
��po0.01 (Kruskal–Wallis). (Modified from Breivik and

Bjornsson.17)
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pain before leaving the clinic, one in two patients did not
reach a postoperative pain intensity of 50mm or above on
a 100-mm VAS after local anesthetic offset.20[II] In a
follow-up study, 46 of 166 patients (38 percent) experi-
enced less pain intensity than 50mm on a 100-mm VAS
after surgical removal of impacted third molars.29[II]

Similarly, Desjardins37[II] reported that a substantial
proportion (30–50 percent) of patients undergoing
extraction of erupted third molars did not develop
postoperative pain. Patients undergoing more extensive
procedures involving mucoperiostal flaps and removal of
alveolar bone (e.g. periodontal surgery or surgical
removal of impacted third molars) less frequently had no
or little postoperative pain (10–20 percent).38[II] Hans-
son et al.18[II] found that 14 of 100 patients did not
report any pain at all and 40 patients (40 percent) did not
use any analgesics during the 70-hour observation period
following surgical removal of third molars. Nörholt19[II]
stated that 34 percent of patients after surgical removal
of third molar(s) reported no pain or only mild pain.
Therefore, in the dental pain model, pain intensity varies
substantially irrespective of the extent of surgery, and a
predetermined intensity of baseline pain should be met
before patients are finally included in the trial.39, 40

Despite efforts to include only patients with a certain
degree of pain intensity, there might be upper outliers of
baseline pain that need adjusting for. Adjusting for
baseline pain intensity as a covariant should thus be part
of the statistical analysis of the outcome data.

DOWNSIDE ASSAY SENSITIVITY

It is vital that the study is designed so that a clinically
meaningful and statistically significant difference between
placebo and the active drug can be measured, particularly
for the study of analgesics of modest efficacy. This is
called downside assay sensitivity, which can be quantified
by the inclusion of a standard analgesic and placebo arm
in the protocol.21 An example of this is a single-dose
study designed to compare a novel analgesic (FS 205-397)
with aspirin 650mg as a standard and with placebo fol-
lowing oral surgery. As the standard analgesic (aspirin)
was associated with significantly better pain relief than
placebo, it was possible to conclude that the study design
was of sufficient downside sensitivity.41[II]

UPSIDE ASSAY SENSITIVITY

When a new drug is compared with a standard active
analgesic drug only (without a placebo control group),
the study must document upside assay sensitivity.21 This
means that the study must be capable of illustrating
clinically meaningful and statistically significant differ-
ences between two standard analgesic drugs of differing
efficacy, or between two doses of a known standard

analgesic drug.23, 32 An example of this is a single-dose
study designed to compare diflunisal with paracetamol
with or without codeine following oral surgery in which
paracetamol with codeine afforded significantly more
pain relief than paracetamol alone.42[II] Consequently,
sound conclusions can be drawn from the analysis of
efficacy data of diflunisal in that the study design
demonstrated sufficient upside sensitivity.

PLACEBO CONTROL?

Although the inclusion of a placebo arm in dental pain
trials is desirable, its omission can be occasionally justi-
fied, for example when the use of a placebo group is
ethically difficult (e.g. evaluation in children) or when
placebo has previously been compared with an active
standard analgesic comparator. Instead, a second dose
level of the standard analgesic will ensure that meaningful
interpretation of the analgesic assay data is possible.32

An inert placebo arm or an active comparator is
mandatory in RCTs to demonstrate the efficacy of a
test drug,32 and withholding an active treatment is unli-
kely to result in serious harm in short-term analgesic
trials. Nevertheless, the Declaration of Helsinki states that
‘‘every patient should be assured of the best proven,
diagnostic and therapeutic method’’; therefore, efforts
should be made to limit the number of trials which
include placebo controls. However, placebo control is
necessary when one needs to establish whether the test
drug is an active analgesic in the study population.
Inclusion of a placebo arm is also required when there is
reason to doubt whether a dental pain model has satis-
factory downside assay sensitivity. This was not the case in
a dental pain study designed to investigate whether the
efficacy of two standard analgesics (paracetamol 1 g and
paracetamol 1 g plus codeine 60mg) differed. A placebo
arm was not included as the downside assay sensitivity
had previously been established in an identical dental
pain study, and therefore the use of placebo might be
considered unethical.20[II] Adequate upside assay sensi-
tivity was documented in another study by including
two standard analgesics arms (paracetamol 1 g and
paracetamol 1 g plus codeine 60mg), the results demon-
strating that paracetamol plus codeine was superior to
paracetamol alone for pain relief (Figure 43.3).29[II]

RESCUE ANALGESIC DRUG

Whenever a placebo treatment or a test drug of uncertain
analgesic efficacy is included in a clinical trial, the pro-
vision of rescue analgesia is mandatory.32 In practice, this
means that such analgesic trials must ensure that a rescue
analgesic of proven efficacy is available to all patients
included in the study. This can be accomplished by giving
all participants rescue medication in sealed envelopes
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with written instructions, or prescriptions of a standard
rescue analgesic, or both.

CONCLUSIONS

Pain following surgical removal of wisdom teeth is a
simple tool for assessing the efficacy of analgesics.
However, there are many pitfalls in performing clinical
trials on outpatients. The dental pain model needs thor-
ough planning and rigid control during execution in
order to provide valid and reproducible results. One
needs to adhere to ethical guidelines, randomized con-
trolled trials, establish baseline pain intensity and assay
sensitivity, as well as patient compliance. It is time
consuming and rewarding to carry through a dental pain
study. The outcome should be reliable if guidelines are
followed.

PRACTICAL TIPS

� The visual analog scale should be printed, not
copied, to avoid distortion of size when copying the
sheet.

� The direct assessment of change in pain intensity in
patients reporting similar baseline pain intensity
should be the primary outcome measure in an
analgesic trial on acute postoperative pain.

� Recovery rooms for trial participants and patients
being screened for trial participation should be
separate from the other patients at the clinic.

� A simple screening procedure at the end of the
studies, such as asking the participants what test
drug they thought they had been given, will
document that a double-blind procedure was not

inadvertently unblinded during the trial, e.g. by side
effects or other cues.43[II], 44[II]

The postsurgical dental pain model used for analgesic
efficacy evaluation has many advantages, such as pain
confined to one area of the body and young and healthy
patients largely unencumbered by concurrent disease and
thus concomitant medication. The potential study
population is large, and therefore studies of sufficient
power can be conducted. Limitations of the dental pain
model are the relatively transient duration of pain and the
large interindividual variation in pain experienced fol-
lowing the oral surgical procedure. However, adherence to
the principles of protocol design, meticulous planning,
protocol compliance, and trial execution will result in
reliable data when using this pain model.
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KEY LEARNING POINTS

� Epidemiolological surveys have demonstrated that a

large proportion of cancer patients suffers from

significant pain.
� High quality trials in cancer pain patients are needed to

improve treatment strategies and techniques.
� Cancer pain comprises a group of heterogeneous

disorders characterized by fluctuations in pain intensity

and variable responses to treatment.
� Extrapolated data from experimental chronic pain

models or animal research are not always representative

of clinical cancer pain.
� Research in analgesics have mainly focused on

postoperative pain with few studies on cancer patients.

� Extrapolation from acute pain to chronic cancer pain is

not always possible.
� Reliable prediction and identification of patients at risk

for unrelieved pain is important.
� Many studies have failed to recognize a clinical

perspective of cancer patients, particularly in respect of

a potentially terminal disease.
� We need to develop multimodal research methodology,

validated instruments, and assessment tools that more

clearly define these dimensions.
� Uniformity of design and reporting of trials furthermore

requires an interdisciplinary and multiprofessional

collaboration.

INTRODUCTION

Cancer is a common cause of death in our society, and
pain caused by cancer or cancer therapy occurs frequently.
A number of epidemiological surveys have demonstrated
that approximately 25 percent of patients with localized
disease report pain, and that the prevalence of pain can be
as high as 90 percent in patients with advanced cancer.1, 2

A number of patients with metastatic disease suffer from

significant pain long before the terminal stage of their
cancer. Studies have indicated that effective pain control
can be achieved in up to 88 percent of patients with
cancer-related pain,3 however, many patients still do not
receive adequate pain management.2, 3 Unrelieved pain
impairs functional status, compromises quality of life,
and may interfere with anticancer treatment.

Patients with advanced cancer often present complex
patterns of symptoms, of which pain is the most prevalent.



Furthermore, patients regularly present with extremely
heterogeneous pain profiles, particularly during unstable
disease.2 In the past, the study of pain and pain manage-
ment in this population has often been ignored. Pain
treatment has mostly been empirical, incomplete, and
often resulted in unnecessary suffering for many patients.

Pain in the cancer patient may be caused by:

� cancer growth or spread per se;
� diagnostic or therapeutic procedures;
� paraneoplastic syndromes;
� disability or immobilization due to the disease or

therapy;
� conditions unrelated to cancer.

The multidimensionality in the pain experience is evident
from the description of cancer pain as ‘‘a mosaic com-
posed of acute pain, chronic pain, tumor-specific pain,
and treatment-related pain cemented together by ongoing
psychological, social, and existential responses of distress
and suffering.’’4 The temporal aspects of pain may influ-
ence the strategy and the aggressiveness of the therapy.
The pathophysiological substrate for pain and the clinical
characteristics of cancer pain and its response to analgesic
treatment have not been firmly established.5

ANALGESIC REQUIREMENTS

An important factor complicating the study of pain in
cancer patients is the remarkable variability in dose–
response patterns to most analgesics. Confusion in the
terms of analgesic efficacy and responsiveness has con-
tributed to the controversy of opioids in pain conditions.
The term ‘‘efficacy’’ only addresses analgesia, but does not
consider the occurrence of side effects. Effective pain
treatment considers a favorable balance between pain
relief and undesirable side effects. Portenoy et al.6 have
introduced the term ‘‘responsiveness’’ to characterize the
degree of analgesia achieved at a dose associated with
tolerable and manageable side effects. This implies indi-
vidual dose titration aiming at a balance between pain
relief and side effects, leading to satisfactory analgesia
with a minimum of tolerable side effects. This emphasizes
the analgesic response as a relative phenomenon that
accounts for interindividual variability and the occur-
rence of dose-dependent side effects.

The development of tolerance is another factor to
consider regarding opioid responsiveness. Tolerance is a
complex phenomenon, which has led to some controversy
regarding its relevance in the clinical management of
cancer pain. Prolonged administration of an opioid may
lead not only to adaptation, but during certain conditions
also to hyperalgesic responses.7 Dose escalation, without
any signs of disease progression or complication, is used
as a clinical indicator of tolerance development. Surveys
using this criterion indicate that the rate and extent of

tolerance differ dramatically among cancer patients.8 It
seems, however, that the most common reason for dose
escalation in patients with cancer pain is disease pro-
gression. Even if tolerance does not appear to be of major
clinical significance in most patients, it should be con-
sidered a confounding factor in the assessment of
analgesic requirements in clinical trials.

Variability in responsiveness may also be associated
with pharmacokinetic factors. Renal impairment may
prolong the duration of analgesia but also enhance opioid
toxicity, due to the accumulation of active metabolites
dependent upon renal excretion. Recent data indicate that
pharmacogenetic variability may be responsible for indi-
vidual differences in the analgesic efficacy of morphine.9,
10, 11 Other factors also have to be considered, such as
patient age, drug interactions, cognitive abilities, fear,
anxiety, and mood disorders.

Elements of variability in analgesic
requirements

� Biopsychosocial and existential factors.
� Factors related to the cancer and its treatment.
� Pain type (nociceptive/neuropathic).
� Tolerance development.
� Pharmacogenetics.
� Pharmacokinetics (drug interactions/drug

elimination).

PAIN FLUCTUATION

Patients with chronic cancer-related pain usually experi-
ence fluctuations in pain intensity. When these episodes
of increased pain intensity are clinically significant and
interrupt a background pain that is otherwise well-
controlled and tolerated, they are commonly described as
episodes of breakthrough pain. Breakthrough pain is
extremely heterogeneous,12 and may vary in etiology,
pathophysiology, frequency, temporal pattern, severity,
quality, and impact.13, 14 At present, there is no unan-
imous definition of breakthrough pain, however, break-
through pain is often defined as a transient increase in
pain to greater than moderate intensity, which occurs on
a baseline pain of moderate intensity or less. For practical
purposes, it can be divided into:

1. incident pain (predictable pain precipitated by
mobilization or physiological activity);

2. spontaneous pain (stimulus-independent episodic
flares of pain); and

3. end-of-dose failure (inadequate duration of a
sustained release preparation).

The paucity of data may relate to the difficulties in
defining and measuring subtypes of pain. The
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methodological challenge in studying a highly variable
subjective experience that may or may not occur during
any planned assessment period is evident. From a meth-
odological perspective it is also often difficult to interpret
pain intensity ratings after the administration of a rescue
analgesic drug.

Baseline drift (natural fluctuations of symptoms not
associated with the intervention) is important in respect
to both symptoms and the pharmacological actions from
analgesics.15 This should include assessments of pain
intensity at several specific time points of the day and
preferably during standardized conditions. Studies are
needed to clarify the true effectiveness of the conventional
therapeutic approaches to breakthrough pain, for exam-
ple by comparing escalation of the baseline dose with
optimal use of rescue dose as alternative interventions for
breakthrough pain. Additional studies that evaluate the
dose and timing of the rescue medication are needed.12

Temporal aspects of pain

� Background pain.
� Recurrent pain.
� Pain fluctuations.
� Breakthrough pain:

– incident pain;
– spontaneous pain;
– end-of-dose failure.

PAIN ASSESSMENT IN CANCER PAIN TRIALS

Pain is a subjective experience and as such is influenced
by a number of variables that are difficult to control, both
in the clinical situation and in the context of a controlled
trial.5 A comprehensive assessment of the patient with
cancer pain is of course mandatory in any study of pain
epidemiology or treatment outcomes, but may also have
important clinical implications in evaluating disease
progression, complications, and in the planning of
adjuvant oncological therapy.

A number of experimental studies, in animal models of
bone metastases16 and perineural tumor invasion,17

indicate that the pathophysiological changes induced by
cancer may differ from changes seen in conventional
nociceptive, inflammatory, or neuropathic injury models.
The peripheral and central inflammatory responses to
cancer may contain cancer-specific components that may
require specific pharmacological treatment modalities.18

Although animal experiments are obviously important for
increased understanding of pain mechanisms and
analgesia, extrapolation of data from animals to humans
experiencing cancer pain should be exercised with
caution.

In an analysis of discomfort in the cancer patient, it is
important to distinguish between the terms nociception,

pain, and suffering. Nociception is defined as activity in
the nervous system following tissue damage. Pain is the
conscious perception of acute or chronic nociception,
including sensory-discriminative, affective-emotional,
and cognitive-evaluative processes. Suffering may be
defined as a perceived threat to the integrity of the per-
sonality. Suffering in the cancer patient affects quality of
life (Figure 44.1). Although pain has an important
influence on suffering, other factors such as anxiety,
depression, vulnerability, catastrophizing behavior,
dependence, physical immobility, and social isolation also
affect quality of life.19, 20, 21, 22 Depression, anxiety, and
sleep disturbances are particularly common in the cancer
patient population and it would therefore seem prudent
to consider these variables when designing cancer pain
trials.5

There are numerous ways to categorize the types of
pain that occur in cancer patients. These include defini-
tions based on the pathophysiological mechanisms of
pain, its temporal aspects, its intensity, the cancer type,
and the specific pain syndromes that occur with different
cancer types. It is important to acknowledge the wide
disagreement on the best outcome measures for pain
clinical trials.23 In a systematic evidence report on man-
agement of cancer pain, including 218 relevant trials, 125
distinctly different pain outcomes were assessed.4

Tools for pain assessment can be divided into two
main categories: intensity scales and questionnaires
intended to capture the multidimensionality of cancer
pain. The intensity scales most commonly used are the
visual analog scales (VAS), numerical rating scales (NRS),
and verbal categorical rating scales (VRS).24 In acute pain,
NRS and VAS scales may demonstrate higher sensitivity in
detecting differences in outcomes of pain intensity than
VRS.25 However, generally, most of the intensity scales
seem to be equally effective in pain rating.26 Generally,
pain intensity ratings (from baseline to postmedication
assessment point) are correlated with changes in pain
relief rating, but significant differences may still exist and

Nociception

Pain

Suffering

Quality of life

Figure 44.1 The pain experience: steps in the production and

perception of pain.
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therefore it has been recommended to use both pain
intensity and pain relief scales in analgesic trials.

We cannot rely on pain intensity or pain relief mea-
sures alone to evaluate treatment efficacy, and therefore a
series of currently validated assessment instruments are
available for the multidimensional evaluation of cancer
pain. Furthermore, there are scenarios when self-reports
of pain will be difficult, for instance in the cognitively
impaired or in the elderly, and alternatives, such as
observation of behavior or assessment of physiological
variables, will have to be considered.

Validated assessment instruments for
multidimensional evaluation of cancer pain

� McGill Pain Questionnaire.27

� Brief Pain Inventory.28

� Memorial Pain Assessment Card.29

In general, four criteria are important in choosing a
measure appropriate for clinical trials as well as for clin-
ical practice.30

1. Validity (accuracy). An accurate method should
give values near the true value or the reference
value.

2. Reliability (precision). A precise method should
give the same value if applied repeatedly under
circumstances in which the underlying
characteristics are believed to be unchanged, i.e. if
staff changes, it is important that the
measurement does not.

3. Responsiveness. Clinically important changes
should be detectable.

4. Appropriateness. Patients, families, and staff
should feel comfortable using the measure in this
setting, should not be burdened by it, and should
find it clinically useful as well as intuitively
meaningful.

POLYPHARMACY AS A PROBLEM FOR CANCER
PAIN TRIALS

A large number of cancer pain patients will eventually, in
addition to the trial drug, be treated with other analgesics
and adjuvant analgesics (also called co-analgesics) – other
drugs to control distressing symptoms as well as drugs to
combat the disease itself. This practice of polypharmacy
may confound the interpretation of clinical trials. A study
of 676 patients with advanced cancer found widespread
use of adjuvant drugs for symptom control; the adjuvants
most frequently used were major tranquilizers, sedatives,
anxiolytics, antidepressants, anticonvulsants, and anti-
emetics.31 The concomitant use of this heterogeneous
group of drugs may affect the pharmacokinetics and

pharmacodynamics of analgesics. The true influence of
these drugs on opioid effects, however, may be difficult to
determine. Besides drug interactions, the side effects of
adjuvant drugs may confound the side effects, such as
sedation and confusion, of the trial medications.

Improvement in pain treatment is likely to require
drug combinations, however, few analgesic combinations
have been studied, particularly in a chronic setting with
multiple dosing.

Drug interactions (therapeutic effects as well
as side effects)

� Additive effects.
� Synergistic (supra-additive) effects.
� Antagonistic effects.

Randomized controlled clinical trials of dose titration are
required in order to establish the efficacy and safety
margins of a new analgesic drug. When comparing effi-
cacy or when changing from one opioid agonist to
another, equianalgesic conversion tables are generally
being used. However, there is still a lack of consensus on
standard conversion procedures for these drugs. The
recommended oral equianalgesic dose conversion ratio
between hydromorphone and morphine is in one stan-
dard textbook 1:432 and in another 1:7.533 and following
subcutaneous administration 1:4 and 1:7.5, respectively.
Oxycodone versus morphine equianalgesic dose ratios
varies in textbooks between 1:134 to 1:1.5–233 after oral
administration and 1:132 to 1:1.534 after subcutaneous
administration. Another example is the equianalgesic
dose ratio of methadone that increases in a dose-
dependent manner with higher morphine requirements.
Morphine equivalence of single dose (for acute pain) of
methadone is very different from repeated doses (due to
the pharmacokinetics of methadone). This is different
from other opioid agonists in which the equianalgesic
ratio appears to be independent of the opioid exposure.
These findings suggest that there is only partial cross-
tolerance between opioid agonists.35

Ethical reasons dictate a ready availability of rescue
medication at all times for breakthrough pain. The
potential limitations of the use of an additional dose of
rescue medication as an outcome measure also have to be
considered. Clearly, factors other than pain intensity may
play a role in the patient’s decision to take a rescue dose.23

The use of rescue medication is affected by both patient
and perhaps, even by healthcare provider beliefs.36

Despite the complex issues involved in the interpretation
of rescue medication usage in clinical trials, however,
patients in a placebo group can be expected to administer
more of a rescue treatment than patients allocated to an
efficacious investigation treatment. Together with pain
intensity ratings, the requirement of rescue medication
may provide an important measure of the efficacy of the
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treatment being evaluated.36 In trials where rescue
analgesics are given early to a significant proportion of
study patients, the numbers of ‘‘true’’ pain observations
after test drugs decline rapidly, therefore, a composite
score based on actual pain observations (both before and
after rescue) and rescue analgesic consumption during a
defined time period can be useful.37, 38

Administration of several opioid agonists simulta-
neously could influence the interpretation of analgesic
requirements and drug-induced toxicity. Authors have
reported significant improvement, or even complete dis-
appearance of opioid side effects, with both opioid rota-
tion and dose reduction.39 In a systematic review40

comprising 53 reports, all but one concluded that opioid
switching was a useful clinical strategy for improving pain
control and/or reducing opioid-related side effects.
However, in contrast, the conclusion of the review was
that the evidence to support the practice of opioid
switching was largely anecdotal or based on observational
and uncontrolled studies.

FUNDAMENTALS OF CLINICAL TRIALS IN
CANCER PAIN

Some trial results are so unequivocal that a comparison
group does not seem to be needed. Successful results of
this magnitude, however, are rare. Given the wide spec-
trum of the natural history of cancer in general and
cancer pain in particular, and even the variability of an
individual patient’s response to any intervention, the need
for a defined control or comparison group is obvious.
However, conducting controlled clinical trials in the pal-
liative cancer pain setting is a particular challenge. It is
difficult to recruit patients and to conduct trials suc-
cessfully due to the serious nature of the disease and the
likelihood of symptom progression.5

Several research projects designed to investigate clin-
ical cancer pain syndromes are based on conclusions
from research with healthy subjects experiencing experi-
mental pain. Furthermore, clinical studies on drugs for
cancer pain are frequently investigating patients in an
early stage of cancer. These studies often contain several
exclusion criteria, selecting patients without any con-
founding factors, and the results from these studies are
then extrapolated to the terminally ill cancer pain
population.41

ISSUES OF STUDY DESIGN IN CANCER PAIN
TRIALS

Historical control study designs

The simplest approach to evaluate a new treatment is to
compare a single group of patients given the new

treatment with a group previously treated with an alter-
native regimen. The argument for using a historical
control design is that all new participants can receive the
new intervention, which facilitates and accelerates
recruitment. Historical control studies have undoubtedly
contributed to medical knowledge, but there are
important limitations since historical controls are parti-
cularly vulnerable to bias due to changes in study
conditions over time.42 Sacks et al.43 compared trials of
the same treatments in which randomized or historical
controls were used and found a consistent tendency for
historically controlled trials to yield more optimistic
results than prospective, randomized trials. The historical
control study may, despite its limitations, still have a
place in scientific investigations as a rapid, relatively
inexpensive method of obtaining initial feedback
regarding a new therapy. In addition to its hypothesis-
generating potential, the use of historical controls can be
justified in controlled situations of relatively rare condi-
tions, such as in evaluating treatments for refractory pain
symptoms in advanced cancer. In such situations,
blinding is usually not possible and randomization may
not always be justifiable. For instance, in a clinical trial of
an invasive therapy for pain management, it may be
unethical to allocate patients to an invasive placebo
group.

The only justification for investigating invasive pro-
cedures, especially the ones that are irreversible (i.e.
midline myelotomy, anterolateral cordotomy), is a rea-
sonable expectation of a high benefit–harm ratio.
Unfortunately, there are few animal models that can serve
as templates for the requirement of ‘‘reasonable expecta-
tion’’ of therapeutic effective pain treatment. To justify the
higher risks and costs of invasive interventions, direct
comparisons with noninvasive therapies are needed.
Even when direct comparisons are not feasible, the goal
should be to retain all the methodological features of a
well-conducted trial other than the randomization.44

Sequential trials

A sequential trial depends at any stage on the results so far
obtained. Since patients are started on treatment serially
and not simultaneously, it is possible to assess the
response to treatment as it becomes available in sequential
order. This conveys an ethical advantage, with the possi-
bility of terminating the trial quickly when one inter-
vention is an important new advance. The trials are not
defined for a fixed period, but the study terminates when
one treatment shows a clear superiority or it is highly
unlikely that any important difference will be seen. Group
sequential trials call for an early discontinuation if one
treatment is clearly superior or carries unacceptable
adverse events. Thus, a sequential trial is most appro-
priate when the response is obvious soon after treatment
is started. Repeated measurements are by their own
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nature multidimensional (a patient has multiple pain
evaluations in time) and, for this reason, summary
measures analysis should be preferred.45, 46, 47 The sum-
mary of multidimensional data is itself part of the anal-
ysis, and results can be reported in a clinically significant
way, provided the choice of the outcome measure is
clinically relevant.23, 48

Multivariate sequential procedures (observation and
analysis of more than one statistical variable at a time), in
which several experimental treatments are compared with
a common control, have also been considered.49 Metho-
dology has been developed for the construction of
sequential stopping rules when the first interim analysis
involves selection of the most promising experimental
treatment. These trials may prove time-efficient and
helpful as a guide to determine the variance of the
measurements and design of the final trial protocol.

Randomized controlled trials

The randomized controlled trial (RCT) has become the
ideal standard for clinical investigations and provides the
essential background for evidence-based medicine.
Nevertheless, a randomized placebo-controlled trial
should only be used when there is genuine doubt about
the efficacy of the treatments and when adequate pre-
cautions have been taken to secure that patients allocated
to the placebo group do not experience a clinically
significant reduction in quality of care.

ADVANTAGES OF THE RANDOMIZED DESIGN

� Removes potential bias in the allocation of
participants.

� Tends to produce comparable groups.
� Facilitates blinding.
� Validity of statistical tests of significance is

guaranteed.

Investigators should carefully weigh the advantages and
disadvantages of crossover versus parallel study designs to
ensure validity without compromising effectiveness.
Although certain situations will provide preferences, both
designs can at times be employed, as illustrated by
Deschamps et al.50 and Parris et al.,51 who conducted
trials comparing immediate release analgesics with
sustained release analgesics.

Parallel study designs

The standard parallel study design is the most commonly
used and has the advantage of simplicity in that a single
treatment or a combination of treatments is given to each
group and a fixed number of patients are involved (Figure
44.2). Parallel designs are less dependent on assumption
about disease progression and they are more appropriate
than crossover designs when the patient’s condition may
change over time. Parallel designs should also be favored
when there is a possibility of significant carryover effects.
Furthermore, parallel study designs are advantageous
when baseline homogeneity between treatment groups is
present, or when precautions such as stratification or
various techniques of adaptive randomization (e.g. block
randomization) have been considered. In cancer patients,
this last condition may be difficult to accomplish; more-
over, a large number of patients may be needed to obtain
the desired statistical power. In general, parallel group
trials allow for longer follow-up with regular assessment
of outcomes. Even if the duration of a parallel study is
longer compared to a crossover study, the dropout rate
may be smaller.52 In a parallel-group trial, precision may
be increased when the within-subject variance is lower
than that of the between-subject variance and baseline
measurements are employed to provide within-subject
data.

WHEN TO CONSIDER THE STANDARD PARALLEL STUDY
DESIGN

� Long duration of treatment.
� There is a likelihood of significant carryover effects.
� A number of treatments are to be compared.
� Patient recruitment is facilitated compared with the

crossover design.

Crossover study designs

Crossover designs are used to increase the sensitivity of a
study by using each patient as his or her own control
(Figure 44.3).

This increases validity and reduces the required sample
size compared with a parallel study design. A crossover
design requires a chronic and stable condition that reverts
to its original state with discontinuation of the treatment.
This is far from the scenario in long-term studies of

EvaluationInclusion Evaluation

Treatment A

Treatment B

Treatment C

Randomization

Figure 44.2 Standard parallel designs to assess the

effects of three treatments (A, B, and C).
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patients with advanced cancer, who in most cases will
experience disease progression and deterioration of phy-
sical function. Therefore, crossover designs are preferred
in studies of relatively short duration in order to reduce
the number of withdrawals. Crossover trial designs are
recommended when the therapeutic effects of the drug
cease soon after it is discontinued during the washout
period. A difference between treatments may either be the
result of a carryover effect of one treatment into the next
period, or of a general time effect – a so-called order
effect. During the washout period it is obviously required
that the design allows patients to receive adequate rescue
medication.

WHEN TO CONSIDER THE CROSSOVER TRIAL

� Carryover effects are limited.
� Within-subject variation is restricted.
� An order effect is absent or can be balanced out.
� An extension of the treatment period does not alter

the difference between the treatment effects.
� Prolongation of the trial will not result in a large

increase in dropouts.
� Difficulties in obtaining baseline measurements.

Addition of other treatment sequences or a third treat-
ment period offer possible unbiased estimates of treat-
ment effects even in the presence of various types of
carryover effects (Figure 44.4).

Enriched enrollment study designs

A variant of the crossover design, the enriched enrollment
design, may be useful in studying treatments to which
only a restricted number of patients respond.53 Patients

initially undergo a therapeutic selection trial from which
only the responders are enrolled in the subsequent study
trial. However, these designs are open to criticism that
prior exposure to the treatment may jeopardize the
double-blind procedures and may result in spurious
positive results (Figure 44.5).54

Cluster-randomized trials

Cluster-randomized trials represent an important
experimental design that may supplement ordinary ran-
domized clinical trials.55 These are trials in which indi-
viduals are randomized in groups (i.e. the groups are
randomized, not the individuals). Reasons for performing
cluster randomized trials vary. Sometimes the interven-
tion can only be administered to the group, sometimes
the motivation is to avoid contamination (all participants
in the trial are affected by the intervention, even if it is
only given directly to some of them); sometimes the

EvaluationInclusion Evaluation

Randomization

Treatment
A

Treatment
B

Treatment
B

Treatment
A

Evaluation

Figure 44.3 Crossover design to assess the

effects of two treatments (A and B).

B

A

AB

A

B A A

BA B

BA

B

B A A

BA B

B A

BA

B A

BA

B

A

Figure 44.4 Examples of different crossover designs used to compare two treatments (A and B). The three more complex designs on

the right are more able to distinguish treatment from carryover effects.
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Figure 44.5 Enriched enrollment randomized withdrawal

design.
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design is simply more convenient or economical. Cluster-
randomized trials are particularly relevant in evaluations
of interventions at the level of a clinic, a hospital, a dis-
trict, or a region. Sample sizes have to be greatly
increased, and an adequate number of clusters are
essential as well. One should rigorously guard against
selection bias.

SELECTION AND STRATIFICATION OF PATIENTS WITH
CANCER PAIN

The final study protocol must include a detailed specifi-
cation of patient eligibility and patient selection criteria.
It is important to focus on patient groups considered
most likely to benefit from the new intervention. In most
cases, patients are selected from a study population
defined by the eligibility criteria and investigators there-
fore face the problem of extrapolating conclusions from
the trial to the study population, and to the general
population with the disease.

The large variability in cancer pain patients necessi-
tates implementation of strategies that may reduce het-
erogeneity in treatment groups in clinical trials. One
strategy is to select patients with specific characteristics,
such as type and stage of tumor, pain syndrome, pain
category, or functional status. This would increase the
validity of the study, but at the expense of a reduction in
the number of potentially available study participants and
that findings may only be relevant for a selected cohort of
patients. While stratification may provide an improved
balance between treatment groups, it also increases the
complexity of the trial and the need for a larger sample
size and in most cases tends to reduce the number of
degrees of freedom. Moreover, extended subset analyses
increase the risk of spurious results produced by chance
effects alone (type I error).

An alternative approach to reduce stratification to a
manageable size would be to categorize patients into a
confined number of strata on the basis of a configuration
of variables. A standardized staging system of cancer pain
that could be used for such purposes, similar to those
developed to classify various malignancies, is needed.
Bruera et al.56 have assessed the accuracy of a staging
system for cancer pain which included the assessment of
pain, previous opioid dose, cognitive function, psycho-
logical distress, opioid tolerance, and past history of
alcohol or drug abuse.

Whether patients receiving oncological concomitant
management with radiotherapy, chemotherapy, or
immunomodulating therapy should be excluded from
drug trials of cancer pain depends on the trial design. In
studies of long duration, inclusion of these patients could
be a confounding factor. In short-term studies this pre-
sents a lesser problem, however, acute analgesic effects or
side effects of the oncological therapies have to be
considered.

INCLUSION CRITERIA AND ACCRETION OF
PATIENTS

Any clinical trial requires a precise definition of which
patients are eligible for the inclusion. Studies often include
patients who are in a more stable clinical condition than
those who could potentially benefit from the new treatment
regimens. Ideally, strategies should be designed to include a
sample population that corresponds to patients clinically
most likely to benefit from the intervention. This is not,
however, always possible with cancer patients. Many trials
of controlled release opioid preparation have included
patients with stable low-intensity pain requiring a moderate
dose of opioid. In the systematic review by Bell et al.5

including 34 studies, almost half of the studies recruited
patients in treatment with weak opioids (WHO ladder
step 2). The results from these studies may not always be
relevant or applicable to patient groups with severe pain,
who require much higher opioid doses and who frequently
require a parenteral route of administration.

Participation in a specific drug trial excludes the
patient from taking part in any other parallel investiga-
tional drug trial. In larger university centers this may limit
the potential number of patients available for a particular
cancer pain study.

Significant organ dysfunction is a major exclusion
criteria in most trials of analgesics. Thus, many patients
who initially qualify for inclusion may have a borderline
renal or hepatic dysfunction that may increase during the
study and thus have to be withdrawn from the trial. This
might limit the relevance of the results obtained when
applied to patients with advanced cancer. To make the
results of trials more generalizable, it may be necessary to
extend the range of acceptable biochemical indices for
organ function for patient inclusion into these trials.
However, decisions regarding the level of clinical dys-
function at which patients are still eligible for participa-
tion in clinical trials rely on the clinical judgment of
researchers and represent a source of bias.55

Rigorous patient selection may exclude a large pro-
portion of terminal cancer patients with partially impaired
cognitive function or affective disorders. Depression is
common in cancer patients and its severity may increase as
the disease progresses.57 There is also a correlation between
pain intensity and psychomotor impairment, as well as a
relationship between pain intensity and fatigue and vigor.

Problems with inclusion criteria and accretion
of patients

� Unstable pain.
� Impaired cognitive function.
� Depression.
� Organ dysfunction.
� Impaired drug distribution and elimination.
� Participation in other trials.
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SIZE AND DURATION OF STUDY

A trial has to be large enough to detect clinically impor-
tant differences between treatments. Strict inclusion cri-
teria are important but they should not be so restrictive
that enrollment becomes almost impossible and the
findings only applicable to a small subset of the popula-
tion. Large multicenter trials may be preferable and
provide larger groups of study patients, although this may
lead to inflation in inclusion criteria and violation of
protocol adherence due to the increased number of
investigators.

In standard textbooks on medical statistics it is seen
that in binary outcome studies three variables are used in
a priori calculations of sample size: the minimal, relevant
difference, the significance level (a) and the power of the
study (1�b). The significance level indicates the prob-
ability of a type I error, i.e. that a significant outcome is
expected to occur by chance alone with no true difference
in treatment efficacy. Thus, with a significance level of
0.05 a significant outcome is expected to occur by chance
alone in one of twenty trials. The power of the study
indicates the probability of a type II error, i.e. that a false
negative outcome is expected to occur by chance alone.
Thus, with a power of 0.9 (b= 0.1) a negative outcome is
expected to occur by chance alone in one of ten trials with
a significant, positive outcome. Obviously, studies of
cancer pain must be large enough to control for factors
likely to confound results.52

Factors influencing the number of subjects
required in a study

� Study design.
� The objectives defined for the trial.
� The number of primary endpoint measurements.
� The variance of the end-point measurements.
� The use of summated measures.
� Significance level (the statistical power of the study).

Researchers must also consider how many potentially
eligible patients can be included in the trial within a
reasonable time frame. The achievable accrual rate of
patients is often less than half what is estimated.

Factors causing a decreased accrual rate

� Investigators may be overenthusiastic in their
prediction of patient recruitment.

� Some patients will not be eligible for the trial.
� Some eligible patients may not wish to participate in

the trial.
� Some patients may not be evaluable.

The absence of a critical mass of qualified researchers
and of a central institution able to coordinate trials in

this area are important constraints for patient accrual.58

Another dimension is the selected nature of patients
who may agree to take part in such studies. Consent
rates of only 8–14 percent in eligible patients may be
likely.59

The duration of intervention may be fixed for all
patients or depend on the therapeutic progress of each
patient. The former is easier to interpret but sometimes
fails to incorporate sufficient flexibility to tailor the
therapy to each patient’s best interest. Short, fixed periods
of therapy are often satisfactory for phase II trials of
short-term efficacy. However, for trials of more long-term
effects, the duration of therapy may require a more
complex definition that incorporates plans for dealing
with side effects, dose modification, and patient with-
drawal. Treatment periods should be long enough to
ascertain that the patient has reached maximal target
response.

FACTORS DIFFICULT TO CONTROL IN CANCER
PAIN TRIALS

Cancer pain comprises a group of heterogeneous dis-
orders characterized by variable responses to treatment.
Few of the experimental conditions used in chronic pain
models or animal research are representative of the
patient with cancer and pain. Therefore, a number of
factors difficult to control can influence clinical trials in
cancer pain patients.

The incidence of side effects

Accurate data concerning the incidence of side effects are
difficult to obtain in cancer patients owing to ongoing
oncological therapies. There is, in any case, little agree-
ment about what constitutes acceptable versus un-
acceptable side effects. Ultimately, the patient must be
regarded as the final authority on when a side effect is
sufficiently disagreeable. There is a paucity of sensitive
tools to accurately characterize these effects, and their
apparent incidence and seriousness will naturally
differ with changes in the methods used to characterize
them.

Two dimensions need to be considered when evalu-
ating the severity of side effects: intensity and duration.
Deschamps et al.50 employed an index that took into
account both the intensity and duration of side effects to
assess toxicity. In addition to the descriptive statistics
provided, this index had the advantage of allowing
comparison of the relative importance of each side effect.
Side effects may indicate whether that drug has reached
its site of action. However, common opioid effects
such as nausea and constipation may indicate peri-
pheral (gastrointestinal) opioid receptor effects, not CNS
effects.60
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Accumulation of opioids and their metabolites may
result in excitatory toxicities such as myoclonus, seizures,
hyperalgesia, and hyperactive delirium/hallucinations. A
number of psychoactive drugs, including midazolam,
phenobarbital, and baclofen, have been tried for the
management of opioid-induced neurotoxicity. These
drugs, however, are more likely to increase sedation and
lead to impairment of cognitive functions. The route of
administration of opioids, either systemically or spinal,
may also influence the dose at which side effects would
appear.

Patient compliance

The design of the study should remain sufficiently
straightforward to be adhered to without causing confu-
sion or inconvenience for the participants. All clinical
studies have problems with noncompliance, but in
analgesic studies in advanced cancer these problems seem
even more complex and challenging.

Assuming that adequate and reliable pain assessment
scales have been included in the study, the temporal
procedure for data collection may not be sensitive enough
to detect fluctuations in pain that may occur throughout
the day. Some patients may report more pain in the
morning than during the rest of the day or vice versa.15, 52

Cancer patients often express reservations about opioid
use due to fear of addiction, sedation, and impairment of
cognitive functions. Myths regarding addiction and the
stigmata of using controlled substances still affect
patients’ perceptions and may compromise participation
in clinical trials. In addition, patients may fail to comply
because they are concerned that using opioids too early
will endanger pain relief when they have more pain, or
because they fear that initiation of an opioid treatment
signals that death is near. A number of patients may also
underreport the severity of pain and the lack of adequate
pain relief because of a variety of reasons, such as not
wanting to acknowledge disease progression, not wanting
to divert the physician’s attention from treatment of the
disease, and not wanting to tell the physician that pain
treatments are unsuccessful. Weiss et al.61 showed that a
large proportion of patients with pain chose to tolerate
pain instead of increasing pain therapy.

Patient withdrawals

Poor participant adherence may be a significant problem
in long-term studies. Cognitive impairment and pro-
gressively limited physical mobility may interfere with
data acquisition during clinical trials. Ideally, patient
enrollment in clinical trials should be restricted in later
stages of their disease. However, prediction of life
expectancy in patients with cancer is notoriously inac-
curate.32 Many patients entering clinical trials are likely to

deteriorate in their physical or cognitive abilities or die
during the trial. In a study by Kongsgaard and Poulain62

evaluating the efficacy and safety of transdermal delivery
of fentanyl in chronic cancer pain, 138 patients were
recruited and entered the dose-titration phase. Owing to
disease progression and inadequate symptom control,
only 72 patients completed the double-blind study. Even
studies of short duration may experience significant
patient withdrawal: in a placebo-controlled drug trial in
cancer patients, 90 percent of the placebo group withdrew
in the first day.63 Loss to follow-up is one of the sig-
nificant reasons for exclusions after randomization. At
times, participants lost to follow-up could still be inclu-
ded in the analysis if outcome information could be
obtained from another source. Such opportunities, how-
ever, seldom arise. In any case, exclusions, withdrawals,
and losses to follow-up should always be reported in
clinical studies.64

Supplementary treatment

Psychological interventions to reduce anxiety, depression,
and pain have been shown to mitigate symptoms and
improve quality of life for cancer patients.65 Significant
contributions of supplementary treatment of this type
may influence the nature of the study, introduce bias, and
interfere with the correct interpretation of results in
clinical trials. Nevertheless, confining such ancillary
initiatives as well as other treatment measures, for
example palliative radiation therapy and chemotherapy,
in cancer patients already participating in a study would
be unethical, irrespective of ideal requirements of clinical
trials.

ETHICAL ISSUES

Ethical conduct, which should be a self-evident element
of any clinical trial, means treating the patient with the
intervention believed to be the best for the patient.
However, the reason that a clinical trial is being con-
sidered at all is that there is uncertainty about the
potential benefits of a new treatment. The inclusion of
untreated controls does not obviate treatment effects and
introduces bias because there is no blinding. How should
informed consent be performed? Are the ethical aspects of
randomization discussed? Are placebo controls necessary,
possible, ethical, and interpretable?

Individual versus collective ethics

Volunteer studies can present obvious ethical and
experimental constraints. Direct comparison between
therapies does not always offer patients a sufficiently
similar experience upon which to make assessments or to
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draw firm conclusions.44 Thus, provisions of adequate,
yet ethical controls are often impossible. Individual ethics
mean that each patient should be offered the treatment
which is thought to be most beneficial to control the
symptoms. Collective ethics are concerned with achieving
medical progress as efficiently as possible so that all
patients may subsequently benefit from superior therapy.
Most people feel instinctively that we should pay exclusive
attention to individual ethics. Individual ethics invariably
are compromised to some extent since otherwise patients
would be exposed to improvised therapy based on clinical
opinion, circumstantial and insubstantial evidence.5 Each
clinical trial requires a balance between individual ethics
and collective ethics. Society as a whole, as well as
guidelines and laws on medical ethics, have perhaps not
fully appreciated the reality of clinical trials, yet.

Placebo treatment

Placebos in medical practice are given with the expecta-
tion that patients will benefit from nonspecific effects, so
efforts are made to maximize these effects. Placebo-
controlled studies seem only to be of relevance in studies
with continuous subjective outcomes, such as manage-
ment of pain, emesis, and dyspnea.66 However, it cannot
be excluded that placebo effects may exist in dis-
orders such as irritable bowel syndrome or idiopathic
constipation.

In clinical trials, placebo effects should be balanced
between groups to allow the specific effect to show.
However, a placebo cannot be employed if there is definite
evidence that withholding standard treatment would be
detrimental to the patient. Although it would be unethical
to withhold an active analgesic for a prolonged period,
administration may be delayed for a short interval, for
example in postoperative pain, when the patient has
immediate access to rescue medication, either via nurse-
administration or a patient-controlled device for delivery
of rescue analgesic. If pain relief is not achieved at the end
of that period, a more potent rescue treatment must be
given. Thus, arguments for using a placebo in this
situation can be justified provided that the patient has
given an informed consent and rescue medication is
available whenever the patient requests it.

Placebo-controlled efficacy trials of oral opioids for
cancer pain are lacking. Bell et al.5 recommend use of a
placebo control in selected trials with low-intensity pain.
However, such trials will have low assay sensitivity and the
risk of not being able to demonstrate clinical efficacy is
another major ethical problem.

Some argue that the use of placebo should be avoided
in trials, wherever a relevant reference drug is available.
The reference drug should have a recognized evidence-
base for use in cancer pain, its efficacy should have been
well documented and it should be a clinically relevant
comparator drug. In trials of opioids, or in trials of

neuropathic pain, the comparator drugs could be mor-
phine and gabapentin, respectively. Use of comparators
with a higher analgesic efficacy than placebo will lead to
fewer unintended episodes of breakthrough pain in the
trial. Data from ‘‘head-to-head,’’ active comparator-
controlled trials, are probably more meaningful for
clinical management of pain, but unfortunately they may
require very large-scale studies, unless noninferiority or
equivalence trials designs are used.

Generally, chronic administration of a placebo cannot
be justified in pain that normally responds to established
therapy. In these situations, the only feasible way to
conduct placebo-controlled trials may be to give both
placebo and active treatment groups access to a standard
rescue analgesic at the expense of a more complex inter-
pretation of analgesic requirements and drug-induced
toxicity, as outlined earlier. In such studies, requirement
of rescue analgesic becomes another important outcome
measure. This type of efficacy study should have a limited
duration and therefore does not pose any ethical problem
different from the clinical scenario of management of
breakthrough pain.

If the use of placebo group is not justifiable, an alter-
native approach is to use a second dose level of the
standard analgesic. It could furthermore be argued that
the ethics of using a placebo control should be compared
to the potential ethical dilemma of exposing seriously ill
patients to trials which do not produce reliable results due
to lack of power, sensitivity, or other methodological
problems.

Patient information and consent

The common trial design requires informed consent from
the patient prior to randomization, but Zelen67 has sug-
gested that randomization can precede informed consent
so that only those allocated to the new treatment are
asked to participate. Even if this strategy does increase
recruitment, the approach is impossible in double-blind
or single-blind trials and there will always be a risk of
introduction of a systematic bias. Cognitive aspects of
‘‘informed consent’’ is another facet of the problem. A
number of studies have demonstrated that subjects rarely
have an adequate understanding of consent forms68, 69

and often do not even understand the meaning or
implication of the randomization procedure.70 Patients in
a late palliative stage are especially vulnerable, and bal-
ancing the roles of a researcher and a clinician are fre-
quently experienced as difficult.71 Patients suffering from
a terminal illness or refractory symptoms may pay little
attention to the informed consent process if they perceive
enrollment in a clinical research protocol as their last
hope for effective treatment. Patients as well as physicians
tend to overestimate the potential benefit they will receive
from enrollment, which can blur the line between
enrollment in research and receiving medical treatment.
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Despite increasing international collaboration, cross-
cultural knowledge, and competence, there are inter-
nationally widely divergent attitudes towards informed
consent for every patient entering a clinical trial.72 In
multicenter trials, this could influence results in spite of
detailed criteria and adequate protocol adherence.

When designing a clinical protocol, attention should
be paid to the guidelines set out in the revised CONSORT
statement in the manuscript. These guidelines also pro-
vide useful advice during manuscript preparation, parti-
cularly in regard to the inclusion of a flow diagram.64

CONCLUSION

Cancer pain remains a problem in spite of immense
efforts aimed at improving treatment through education
campaigns, guidelines, treatment algorithms, and growing
research. Why have we not succeeded? Perhaps we need to
assess the pertinent question: Is pain in cancer patients
different from that in patients with a noncancer diag-
nosis? Of course there are some specific pathophysiologic
changes in cancer patients that could explain some of the
differences, such as patients with gradual compression of
nerves from tumors, chemotherapeutic agent-induced
neuropathy, or specific cytokine release from bone
metastases. However, more important is probably the
multidimensionality in the pain experience characterized
by fluctuations in pain intensity and variable responses to
treatment, along with the challenge of disease progression
and existential suffering. This means that extrapolated
data from acute pain, chronic pain, or animal research are
not always representative of clinical cancer pain. Thus, we
need to develop multimodal research methodology, vali-
dated instruments, and assessment tools that are tailored
to address cancer patients, particularly in respect of a
potentially terminal disease.
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KEY LEARNING POINTS

� The ‘‘gold standard’’ tool for assessing therapeutic

interventions in neuropathic pain is the double-blind

randomized controlled trial (RCT).
� The most conventional design of RCT is a parallel group

study, but crossover designs can be justified in certain

circumstances, for example rare clinical conditions or

expensive interventions.
� Postherpetic neuralgia and painful diabetic neuropathy

are the conditions most frequently examined in

neuropathic pain RCTs to date.

� Most RCTs to date have used placebo as a comparator.

However, as the evidence base of established therapies

becomes stronger, it will be increasingly difficult to

justify the use of placebo in neuropathic pain RCTs and

equivalence or superiority trials will be required.
� Careful phenotyping of subjects prior to randomization,

for example of sensory phenotype by quantitative

sensory testing, may enable subgroups of responders to

be identified.

INTRODUCTION

A clinical trial is a prospective experiment conducted to
test the effects of a medical intervention in human sub-
jects and is the key methodological tool for establishing
an evidence base. In the context of neuropathic pain,
most interventions being tested will be pharmacological
and thus the effects examined will be efficacy, tolerability,
and adverse events.

The current evidence base for neuropathic pain thera-
pies increasingly comprises data from phase II or III drug
development trials (Table 45.1). Consequently, placebo-
controlled trials are popular and few published trials have
directly examined drug equivalence or synergy, a notable

exception being a recent combination study of gabapentin
and morphine in painful diabetic neuropathy and post-
herpetic neuralgia.3 Today’s climate of increased regula-
tion, for example the burden imposed by European Union
Clinical Trials Directive4, 5 (www.medicines.mhra.gov.uk/
ourwork/licensingmeds/types/clintrialdir.htm), considered
in the light of a relatively poor track record of major
nonindustrial funding for academic neuropathic pain
clinical trials, predicates that in the foreseeable future we
can expect few major trials to be conducted without
commercial sponsorship. However, there are several
important areas in which there is little incentive for
industry sponsored trials, notably head to head compari-
sons of drugs and drug combination studies,6 and

www.medicines.mhra.gov.uk/ourwork/licensingmeds/types/clintrialdir.htm
www.medicines.mhra.gov.uk/ourwork/licensingmeds/types/clintrialdir.htm


therefore calls for academic collaborations have been
made to address this shortcoming.7 Therefore, this chapter
will focus on the design requirements of trials which are
performed primarily for regulatory purposes.

Although trials of preventative strategies have been
performed in the context of neuropathic pain (e.g. vac-
cines for postherpetic neuralgia8), most trials examine
pain relief in the context of established neuropathic pain.
The latter scenario will be the focus of this chapter.

The European Medicines Agency has adopted a
guideline for clinical trials of neuropathic pain therapies.9

Additionally, all clinical trials must be conducted
in accordance with Good Clinical Practice (GCP)
Guidelines10, 11 (www.ich.org), shown in Box 45.1.

ETHICS

All medical research in humans, including clinical trials,
must protect subjects against harm. The World Medical
Association’s (WMA) Declaration of Helsinki states the
principles governing this requirement and it is reex-
amined and updated on a regular basis, the latest version
at the time of writing being dated October 9, 2004
(www.wma.net/e/policy/b3.htm).

The International Association for the Study of Pain has
produced ethical guidelines, specifically geared to the
conduct of pain research in humans (www.iasp-pain.org/
ethics-h.html).12 These are shown in Box 45.2.

A discussion of the complex ethical matters relating to
clinical research is not within the scope of this chapter,
other than to state that it is mandatory that the protocol
of a trial be examined by a legitimate ethical review
committee and that the approval of that committee is
granted before commencing the trial.

The provision of rescue medication should be con-
sidered.9 The choice of rescue medication should be evi-
dence-based for each individual disease. In the specific
context of a chronic neuropathic pain study, the protocol
should probably state that once a subject has taken rescue
medication, then they should be withdrawn for lack
of efficacy and the data up to the point of withdrawal
analyzed on an intent to treat basis.

HYPOTHESIS AND QUESTION

As dictated by ‘‘scientific method,’’ the conventional
starting point for a clinical trial is the statement of a
hypothesis (e.g. ‘‘Gabapentin is superior to placebo in
alleviating the continuous pain of postherpetic neur-
algia’’). This statement will naturally lead to a definition
of a set of questions which will need to be answered in a
trial, in order to test the hypothesis.

TRIAL DESIGN

The exact design of a clinical trial will be dictated by the
hypothesis to be tested. Most neuropathic pain studies
reported to date sought to demonstrate superiority of a
test drug over placebo. However, there is now an argu-
ment that a position has been reached whereby there are
sufficient evidence-based therapies for neuropathic pain
and therefore it may no longer be ethical to unnecessarily
expose subjects to placebo in neuropathic pain studies
(see Controls). Furthermore, there is also a necessity to
directly compare the existing and novel therapies in
equivalence/superiority studies and to directly examine
the additive or synergistic effects of a combination of
treatments in clinical trials, although there is little
incentive for industry to fund such studies.

Bias elimination

A major factor in the design of a trial is the elimination of
bias, which can be defined as any systematic deviation
from the truth. Bias is a potentially confounding factor in
any clinical trial and possible sources of bias must be
identified at the design stage, and tools employed to
reduce or eliminate the effect of these. Many types of bias
can be identified (Table 8 in Earl-Slater1), but perhaps the
most relevant to neuropathic pain trials are:

Table 45.1 Phases of drug development studies.1, 2

Phase

I The earliest studies carried out in humans. Small number

of healthy volunteers (o20) to investigate the clinical

pharmacology of a drug (pharmacodynamics,

pharmacokinetics) and its toxicity of drug in humans

II First studies in patients, often for proof of concept in

order to provide early efficacy data required for a

decision as to whether to commit to phase III studies.

Usually to determine optimal dose and regimen and to

further investigate safety

Can be divided into phase IIa and phase IIb. Often involve

200–300 patients. Not necessarily randomized or

placebo controlled

III Large trials to determine efficacy and safety. For a

particular indication. Usually performed for the

purposes of providing data to support a submission to

regulatory authorities. Randomized and controlled,

usually placebo controlled. Depending on indication,

100–3000 patients.

IV After registration of a product with a regulatory

authority. Usually performed for marketing purposes

or as part of postmarketing surveillance.
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� Selection bias occurs when the subjects participating
in the trial are not a representative sample of the
disease population to be examined. There are several
methods for overcoming this difficulty, for example
by recruiting a strict series of consecutive patients
presenting to a clinic. Particular care must be
exercised to eliminate cultural, gender, geographic,
social class, and ethnic bias in multicenter studies by
careful selection of centers and balancing of
recruitment between centers. Enriched sample
(selecting patients who have responded (or excluding
those who have not) to the test or similar treatment
before) may overestimate the effect of a test drug.

� Allocation bias occurs when the manner in which
subjects are allocated to the arms of the trial is
distorted; it can be eliminated by the use of
randomization when allocating subjects to study arms.
Lack of randomization can overestimate treatment
effect by approximately 40 percent.13 Indeed, the
presence or lack of randomization can even yield
contradictory results when the same intervention is
tested.14 Randomization can be simple or restricted
(e.g. stratification by age or sensory testing findings).
Block randomization maintains the balance of
subjects allocated to each arm at all time points
during the execution of the trial.

� Subject bias occurs when the subjects in a trial are
aware of the treatment which they are receiving. This
can occur unintentionally, for example if particular
side effects reveal the nature of a treatment to a
subject. For example, in an acute pain trial, it was
revealed that a subject who guessed correctly that
they received an active analgesic reported a more
pronounced pain-relieving effect, compared with a
subject who received the same active analgesic but
who guessed that they received placebo.15 The
inclusion of tools to detect possible unblinding of the
subject should be considered in the trial design.

� Observer bias occurs when the researcher taking
measurements, collecting, and/or analyzing data is
aware of the treatment which a subject is receiving.

� Subject and observer bias can be reduced by
‘‘blinding’’ subjects or observers to the nature of
treatments. When this is applied to both parties a
trial is described as ‘‘double blind.’’ Failure to use a
double-blind technique will increase treatment effect
by approximately 17 percent.13, 16

� Analysis bias results from inappropriate handling of
data from subjects who withdraw from a trial.
Analysis of data on an ‘‘intent to treat’’ basis
(analysis which includes all data from all subjects
actually randomized and who received at least one

Box 45.1 Principles of GCP in clinical trials

1. Clinical trials should be conducted in accordance with the ethical principles that have their origin in the
Declaration of Helsinki, and that are consistent with GCP and the applicable regulatory requirement(s).

2. Before a trial is initiated, foreseeable risks and inconveniences should be weighed against the anticipated
benefit for the individual trial subject and society. A trial should be initiated and continued only if the
anticipated benefits justify the risks.

3. The rights, safety, and well-being of the trial subjects are the most important considerations and should prevail
over interests of science and society.

4. The available nonclinical and clinical information on an investigational product should be adequate to support
the proposed clinical trial.

5. Clinical trials should be scientifically sound, and described in a clear, detailed protocol.
6. A trial should be conducted in compliance with the protocol that has received prior institutional review board

(IRB)/independent ethics committee (IEC) approval/favorable opinion.
7. The medical care given to, and medical decisions made on behalf of, subjects should always be the

responsibility of a qualified physician or, when appropriate, of a qualified dentist.
8. Each individual involved in conducting a trial should be qualified by education, training, and experience to

perform his or her respective task(s).
9. Freely given informed consent should be obtained from every subject prior to clinical trial participation.

10. All clinical trial information should be recorded, handled, and stored in a way that allows its accurate
reporting, interpretation, and verification.

11. The confidentiality of records that could identify subjects should be protected, respecting the privacy and
confidentiality rules in accordance with the applicable regulatory requirement(s).

12. Investigational products should be manufactured, handled, and stored in accordance with applicable good
manufacturing practice (GMP). They should be used in accordance with the approved protocol.

13. Systems with procedures that assure the quality of every aspect of the trial should be implemented.

Reproduced with permission from Ref. 11, www.ich.org
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dose of the test or comparator treatment) will reduce
bias related to withdrawals, including those
withdrawals due to treatment effects (e.g. lack of
efficacy or adverse events).

� Reporting bias relates from incomplete or selective
reporting of data. Advance registration of clinical
trial protocol should help to eliminate this.17

Therefore, the ‘‘gold standard’’ tool for the assessment
of a therapy for efficacy and safety is the randomized
double-blind controlled trial.

Parallel group or crossover?

Most trials performed for regulatory purposes use parallel
group designs (each subject allocated only to a single

treatment), although the comparatively large sample
which has to be recruited to achieve statistical power
using such designs is something of a disadvantage.
Superficially, crossover designs (subject allocated to two
or more treatments at different times) might appear to
have an advantage over a parallel group approach, in that
a smaller sample is required to achieve power (see Figure
45.1). Crossover studies also have an advantage that each
subject acts as their own control. However, crossover
designs have several disadvantages and in practice are
employed less frequently than before and are generally not
preferred by most regulatory authorities. There are several
reasons of this which include the following.

� Carryover effect. This occurs when the effect of a
treatment in one arm of the study complicates the
next phase. This is usually eliminated by the

Box 45.2 International Association for the Study of Pain Ethical Guidelines for Pain Research in
Humans

1. The health, safety, and dignity of human subjects have the highest priority in pain research. The investigator is
personally responsible for the conduct of research and its effects on the experimental subject at all times, even
though the patients have given their consent to participate.

2. Before starting any study of human subjects, the proposed experimental protocol must be reviewed and
approved by an independent committee on human research. The functions of the committee are as follows:
a. to ensure that participants are not coerced or harmed;
b. to evaluate the potential for undesirable physical or psychological effects occurring during the research;
c. to decide whether the proposed research should be the subject of regular review;
d. the committee should be appropriately constituted and normally should include scientists, health care

practitioners, and lay members;
e. the scientific merit of the proposal and the research methods proposed should normally be the subject of

independent evaluation by an appropriately constituted peer review committee. The scientific review process
normally should take place before the consideration of ethical matters.

3. Potential participants should be informed fully about the goals, procedures, and risks of the study before giving
their consent.

4. Healthy subjects and patients must be able to decline, or to terminate, participation at any stage without risk or
penalty whatsoever.

5. Written consent must be obtained to indicate that the subject understands the nature and purpose of the
proposed study, has had the opportunity to ask questions and agrees to participate on a voluntary basis. Where
possible, informed consent should be endorsed by an independent signatory.

6. There is a duty to protect those who may be incapable of giving fully informed and voluntary consent. These
include children, the elderly, the mentally handicapped, prisoners, and those very ill with other disease. Such
persons should not be used for medical research unless they are essential for the goals of the proposed
research. In such cases, consent must be obtained, also from those who have legal responsibility for their
welfare.

7. In any pain research, stimuli should never exceed a subject’s tolerance limit and subjects should be able to
escape or terminate a painful stimulus at will. The minimal intensity of noxious stimulus necessary to achieve
the goals of the study should be established and not exceeded.

8. In all circumstances, including studies that employ placebo and sham treatment methods, an effective, accepted
method of pain relief must be provided on request of the patient or subject. The availability of alternative pain
relief should be made clear in the consent form and the instruction before the study begins.

Reproduced from (www.iasp-pain.org/ethics)12 with permission from the International Association for the Study of Pain.
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inclusion of washout periods, but the exact
requirements of a washout period can be difficult to
determine for drugs which have variable,
unpredictable, or prolonged elimination
characteristics, such as cannabinoids. Furthermore, a
washout period can expose subjects to a period of no
treatment, even a rebound increase of pain (for
example, after a period with an opioid), which might
be considered unethical.

� Unintentional unblinding of subjects in one arm, for
example by side effects, thus revealing the nature of a
treatment in another arm.

� Period (or order) effect: A time-dependent variation
in the nature of a disease or symptom between the
treatment periods could complicate a crossover

design. For example, a subject could report a
different baseline pain intensity for each treatment
phase. Pain intensity can vary across time for any
number of reasons and some diseases associated with
neuropathic pain can be progressive (e.g. cancer
pain, multiple sclerosis, or painful diabetic
neuropathy).

� Complicated statistical analysis.

Crossover designs might be acceptable in certain circum-
stance, such as for a rare disease when a sufficient number
of subjects is unlikely to be recruited for a parallel group
study or when a very expensive therapy is to be tested.

Despite the greater numbers of subjects which need to
be recruited to parallel group studies, the advantages of
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Figure 45.1 Schematic examples of various parallel group and crossover trial designs: (a) simple parallel group with placebo control;

(b) parallel group equivalence trial; (c) parallel group with placebo and active comparator; (d) parallel group placebo control, multiple

dose; (e) parallel group placebo control, active comparator, multiple dose; (f) placebo controlled simple crossover; (g) three-way

crossover.
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such a design dictate that this has become the preferred
option for most investigators.7 Advantages include:1

� consistent baseline for each subject;
� lack of carryover or period effects;
� simpler statistical analysis;
� can be used to determine causality;
� each subject receives only one intervention.

Neither conventional parallel group nor crossover designs
are efficient at elucidating adverse effect frequency and
therefore drug safety, this is mainly because the obser-
vations are limited to the relatively short duration treat-
ment period in a trial. This period is obviously much
shorter than the usual period of clinical therapy and
therefore adverse effects which take time to become
apparent may not be detected in conventional trials, for
example the long-term risks of mental illness associated
with cannabinoid therapy cannot be detected in the
short-term trials which have been conducted to date.18

Furthermore, the sample size for most trials (see below
under Sample size) is calculated on the basis of analgesic
efficacy and therefore infrequently occurring adverse
effects (or those restricted to subsets of patients) are
unlikely to be detected.

Sample size

The sample size for a trial needs to be not only sufficiently
large to ensure that false-negative results are not obtained
by chance, but also, conversely, small enough to be effi-
cient and to expose the minimum number of subjects to
risk. In a classic review of 383 trials published in major
journals, 275 reported ‘‘negative’’ results, but only 16
percent of these ‘‘negative’’ trials had recruited a sufficient
sample size to detect a 25 percent relative difference
between groups.19 Underpowered studies also tend
to overestimate treatment effects by approximately 30
percent.20, 21

For any given trial the calculation of the sample size
required to achieve sufficient statistical power will be
based on a number of assumptions peculiar to that trial
(see Ref. 22 for an explanation of power calculations and
worked examples). However, an impression of approx-
imate sample sizes required for placebo-controlled par-
allel group neuropathic pain studies can be gained by
examining published trials. For example, in a three arm
parallel group study of gabapentin in postherpetic neur-
algia, a sample size of 118 subjects randomized per arm
was predicted to yield 90 percent power on the assump-
tion of efficacy being indicated by a 1.0 cm (estimated
standard deviation 2.35) change on a 10 cm numeric
rating scale (NRS) pain intensity scale.23 Similarly, a two
arm study of gabapentin in postherpetic neuralgia which
assumed a definition of efficacy of a 1.5 point change on
an 11 point NRS pain intensity scale (estimated standard

deviation 3.4) required 80 subjects per arm in order to
achieve a power of 80 percent.24 Finally, a two arm par-
allel group study of gabapentin in a population of painful
diabetic neuropathy patients predicted that a sample size
of 75 subjects per group was required to yield 90 percent
power to detect a difference between gabapentin and
placebo in being associated with a ‘‘moderate’’ improve-
ment measured using a seven-point global impression of
change scale.25

Inclusion/exclusion criteria

The precise inclusion/exclusion criteria must be clearly
stated in the trial protocol. The precise nature of these will
be dictated by the needs of the individual trial, but an idea
of ‘‘generic’’ criteria can be formed by consulting previous
key studies.23, 24, 25, 26, 27, 28, 29 Nevertheless, some special
factors do need to be considered as described below.

Traditionally, neuropathic pain studies recruit from
specific populations on the basis of underlying disease
(e.g. postherpetic neuralgia, painful diabetic neuropathy,
HIV-related neuropathy, etc.), but it has been hypothe-
sized that the classification of neuropathic pain for
treatment purposes should rather be based upon the pain
mechanism(s) operating in individual patients.30 How-
ever, the validation of practical, sensitive, specific, and
reliable methods for detecting pain mechanism(s) oper-
ating in individual neuropathic pain patients is probably
many years away and therefore clinical trial recruitment
can be expected to be disease-based for the foreseeable
future. Nevertheless, it is certainly advisable to record
patterns of symptoms, clinical signs, and other features,
such as psychological state, in individual subjects at
recruitment. Similarly, although costly, it is certainly
possible to phenotype neuropathic pain patients on the
basis of findings from formal quantitative sensory testing,
perhaps into broad ‘‘hyposensory’’ and ‘‘hypersensory’’
groups.31 This may be important in conditions such as
postherpetic neuralgia and traumatic neuropathy where
distinct subpopulations exist.32 This information could be
used in post hoc analyses to indentify subsets of ‘‘drug-
responders’’ whose ‘‘analgesic signals’’ may be otherwise
obscured within the ‘‘noise’’ of the overall trial popula-
tions. Dissemination, collation, and examination of such
stratified data, especially when combined with data
relating to pain relief associated with different drugs with
discreet mechanisms of action, could yield important
information about neuropathic pain mechanisms.

In designing a trial protocol, decisions have to be made
regarding the concurrent use of other therapies in clinical
trials. The simple choice is whether to continue existing
medications which may have efficacy in the condition
being studied or to stop them. If the choice is to cease
therapy with certain drugs then there must be a sufficient
washout period in the screening phase before the trial
begins. If concurrent drugs are allowed, then these must
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only be permitted at a stable dose throughout the study.9

Provided the inclusion criteria contain the safeguard of a
predetermined threshold of baseline pain intensity (see
below), then concurrent medications should not present
too much of a problem, although pharmacological
interactions with trial medications must be considered, as
the existing therapies are self-evidently not completely
effective. The information about concurrent drugs must
be recorded so that analysis of the data can be stratified by
groups/doses of concurrent drugs.

Enriched enrolment into a trial, for example by
including or excluding subjects who have or have not
responded to a certain drug in the past, can present
problems with interpretation. Active enriched enrolment
policies are to be discouraged as they can distort the
evidence base. If such an approach is to be used then it
must be fully justified and transparently reported. How-
ever, there are practical issues here since the probability of
recruiting sufficient treatment-naive subjects with an
established neuropathic pain condition is low. For
instance, in trials of gabapentin in a sample of post-
herpetic neuralgia patients, most subjects had previously
tried two to three different drugs for their pain and
approximately 70 percent had tried an anticonvulsant and
80 percent had tried amitriptyline.23

It is conventional to exclude subjects with insufficient
severe pain intensity at the baseline screening phase, for
example less than 4 on an 11-point scale.9, 23, 24, 26, 29, 33, 34

The population from which subjects are to be recruited
also needs to be carefully considered. Most trials recruit
from secondary or tertiary care pain medicine clinics.
However, it could be argued that this population, almost
by definition, represents the extreme of neuropathic pain
patients who are likely to be resistant to conventional
analgesic drugs, be taking multiple medications, display
high levels of comorbidity and have high pain intensity
scores. It may be more appropriate to recruit from a
primary care base to obtain a study population more
reflective of the main population of the particular disease
under study. One way of achieving this is by advertising-
based recruitment, but this approach has its own risks,
particularly of introducing selection bias.33

Models

Most neuropathic pain studies attempt to study pain
within the context of a single disease, although the
veracity of extrapolating efficacy from one neuropathic
pain condition to another is questionable.35 Some trials
have been reported which examined a mixture of neu-
ropathic conditions, but these have been difficult to
interpret.26

Postherpetic neuralgia is a frequent choice as a disease
model for neuropathic pain, and is certainly one with
which regulatory authorities are familiar.36 Advantages of
postherpetic neuralgia include that it is relatively easy to

define and diagnose, once established it runs a relatively
stable course, and it is not complicated by an underlying
disease process. However, the fact that it occurs pre-
dominantly in elderly subjects (e.g. median 75 years23)
can complicate studies, particularly from the adverse
events perspective.

Painful diabetic neuropathy has also been studied in
large trials.37 However, this model does suffer from the
complicating factors of an underlying disease process
which may be progressive, variable blood glucose con-
centrations potentially influencing pain intensity and
concurrent illness complicating drug elimination. There is
also a possibility of a trial effect associated with the entry
of a diabetic subject into a study, which may encourage
better self-control of blood glucose concentration, which
could in turn theoretically increase the magnitude of the
placebo response.

There are other potential trial models, which so far
have not been very popular,37 but certainly have some
attractive features. For example, HIV and certain drug-
related neuropathies (e.g. nucleoside reverse transcriptase
inhibitors, taxols, statins, and vinca alkaloids) are asso-
ciated with the development of small fiber axonal neu-
ropathies which may be painful and therefore amenable
to study. Traumatic neuropathies are another under-
studied group, but perhaps the heterogeneity of periph-
eral nerve injuries which may result in neuropathic pain
makes it difficult to recruit a sufficiently homogenous
population to study.

The choice of models also raises the question of
whether a study in a single disease entity can be extra-
polated to reflect evidence of effectiveness in a broader
range of neuropathic pain conditions. This is a difficult
question to answer and certainly there are groups of
medications (e.g. tricyclic antidepressants, gabapentin,
and related drugs) for which evidence of efficacy exists
across a broad range of indications.37 Conversely, whilst
tricyclic antidepressants are efficacious, for example in
postherpetic neuralgia36 and other conditions,37 they do
not appear to be associated with efficacy in HIV-related
neuropathies.37

A further problem with studying single disease models
is that the overall result may obscure subpopulations in
whom an intervention is actually more or less effective
than in the overall study population. Confounding factors
such as different pain mechanisms or sensory phenotype
operating in different subjects drawn from the same dis-
ease population, or genetic or environmental variations in
drug pharmacodynamics or kinetics, might not be
exposed unless detailed phenotyping of subjects and post
hoc analyses were employed for all potential confounding
factors, which is clearly impossible since they are not all
known. For example, in an equivalence study in post-
herpetic neuralgia subjects whilst efficacy was demon-
strated for both tricyclic antidepressants and opioids,
there was no correlation between opioid and tricyclic
antidepressant responsiveness, implying that distinct
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subpopulations in the sample were sensitive to opioids or
tricyclic antidepressants.27 This finding is perhaps not
altogether surprising when one considers that these drugs
have distinct mechanisms of action. One way around this
problem might be to screen subjects for their respon-
siveness to certain drugs or their sensory phenotype prior
to randomization and perform an analysis with this
variable.

Controls

The major purpose of control groups is to permit dis-
crimination between observed effects which are caused by
the test treatment and those related to other factors. The
factors governing choice of controls have been considered
in detail by the European Medicines Agency,38 which has
identified five broad types of control.

1. Placebo: The placebo should be identical in all
aspects to the test treatment, other than that it
does not contain the active drug. Not only does
placebo control permit examination of the
efficacy of the test therapy, but it can also
determine the relationship of the test treatment to
adverse events. Furthermore, since there are many
placebo-controlled trials in the evidence base for
neuropathic pain, placebo control can, to a
certain extent, also be used as a measure of
internal assay sensitive of the study design.
Because there is generally a greater measurable
difference in efficacy between placebo and
efficacious test medications, as opposed to
between different test medications, the use of
placebo permits an efficient study as fewer
subjects will have to be randomized to achieve
sufficient statistical power, than, for example, in a
superiority study. Whilst placebo controls might
be regarded as the ‘‘gold standard’’ control, the
use of placebo does present some special
problems. For example:

a. Inadvertent unblinding. The test drug might be
associated with particular efficacy or side
effects which reveal the nature of the treatment
to subjects. This is a particular problem with
crossover studies. This could be overcome by
using an ‘‘active placebo’’ which has a similar
side-effect profile as the test drug, but no
superiority in terms of efficacy than placebo
for the primary outcome measure. The
inclusion of two or more placebos (double
dummy) may also mitigate this problem if an
active placebo is not available.

b. There are ethical concerns in exposing patients
to the harm of unrelieved pain in a
neuropathic pain trial, but it should also be
emphasized that placebo does not equate to no

treatment since most large studies reveal a
significant efficacy associated with placebo.
However, it is questionable whether the use of
placebo can be justified when there are now
established therapies for a particular medical
condition. The position of the World Medical
Association on this subject is clear (see Box
45.3), although some regulatory authorities
appear not to wholly concur with this view.
Therefore, justification for the use of placebo
for neuropathic pain trials is a difficult
judgment which is continually changing as the
evidence base for neuropathic pain therapies
expands. This complicated and contentious
issue is without the remit of this chapter and
is discussed in detail elsewhere.39

2. Active treatment comparator. This is useful when
placebo is considered unethical. Additionally,
comparison of the test drug to another is a useful

Box 45.3 Extracts from the World Medical
Association 2000 revision of the
Declaration of Helsinki regarding the
position on the use of placebo in clinical
trials

In paragraph 29: ‘‘The benefits, risks, burdens, and
effectiveness of a new method should be tested
against those of the best current prophylactic,
diagnostic, and therapeutic methods. This does not
exclude the use of placebo, or no treatment, in
studies where no proven prophylactic, diagnostic,
or therapeutic method exists’’.

Subsequent reconsideration of this issue has led
to the following clarification: ‘‘The WMA hereby
reaffirms its position that extreme care must be
taken in making use of a placebo-controlled trial
and that in general this methodology should only
be used in the absence of existing proven therapy.
However, a placebo-controlled trial may be
ethically acceptable, even if proven therapy is
available, under the following circumstances: a.
Where for compelling and scientifically sound
methodological reasons its use is necessary to
determine the efficacy or safety of a prophylactic,
diagnostic or therapeutic method; or b. Where a
prophylactic, diagnostic or therapeutic method is
being investigated for a minor condition and the
subjects who receive placebo will not be subject to
any additional risk of serious or irreversible
complication’’.

Reproduced with permission from (www.wma.net/e/policy/
b3.htm) as accessed on December 20, 2006. Copyright 2007
World Medical Association. All rights reserved.
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internal measure of assay sensitivity (the property
of trial design which defines the ability to
distinguish between treatments of differing
efficacy). If the active control has been extensively
studied to provide an evidence base of known
effectiveness, then an active control study will be
an equivalence (or superiority/inferiority) trial.
However, equivalence studies generally require
much larger numbers of subjects to be
randomized in order to achieve statistical power
than placebo-controlled studies, since the
difference between two efficacious treatments will
generally be expected to be less than that between
placebo and a test therapy. A problem with active
controls arises when the active has not been
externally validated, if both treatments are shown
to be equivalent is this because neither or both
treatments were effective? In this case the
inclusion of a placebo control is necessary for
correct interpretation of the results.

3. Comparisons of multiple doses of the test
treatment under investigation. This has the
advantage of yielding dose/response data. When
used alone, this type of control suffers from not
being able to estimate the placebo effect and
having no internal assay sensitivity, but when
combined with placebo as zero dose, and perhaps
an active control, it becomes a more attractive
option. An important issue is determining how
the final dose for each group is reached, especially
as some treatments may require dose titration to
minimize adverse effects. Forced titration of final
dose determined at randomization is the optimal

approach, but some studies may allow ‘‘patient
satisfaction’’ to determine the final dose, although
this has the disadvantage of effectively removing
randomization.

4. No treatment. As no-treatment controls cannot be
blinded, the risk of introducing subject bias
dictates that this is not an appropriate strategy for
neuropathic pain studies. There are also ethical
concerns with this design, especially for pain
studies.

5. External controls not studied concurrently with
investigated treatment, for example retrospective
controls, are not generally employed in
neuropathic pain trials, because several forms of
bias are inherent in this design.

It is possible to include multiple controls (e.g. placebo,
active, and multiple dose) in a single multi-arm
study combining the advantages of each type of control.
This approach is attractive, but has the disadvantages of
expense and requiring the recruitment of a large
number of subjects. The European regulators advise
three arm (placebo–test drug-active comparator) for
phase II/III studies, when an established active com-
parator exists.9

Outcome measures

Recommendations have been published by the IMMPACT
group on core outcome measures for use in chronic pain
trials40 (see Table 45.2). Whilst these are a welcome and
useful tool in design of trials, they should not be regarded

Table 45.2 IMMPACT recommendations.40

Recommendations

Recommended core outcome measure for clinical trials of chronic pain treatment efficacy and effectiveness

Pain 11-point (0–10) numerical rating scale of pain intensity

Usage of rescue analgesics

Categorical rating of pain intensity (none, mild, moderate, severe) in

circumstances in which numerical ratings may be problematic

Physical functioning (either one of two measures) Multidimensional Pain Inventory Interference Scale

Brief Pain Inventory interference items

Emotional functioning (at least one of two measures) Beck Depression Inventory

Profile of mood states

Participant ratings of global improvement and satisfaction

with treatment

Patient Global Impression of Change

Symptoms and adverse events Passive capture of spontaneously reported adverse events and symptoms

and use of open-ended prompts

Participant disposition Detailed information regarding participant recruitment and progress

through the trial, including all information specified in the CONSORT

guidelines

Reprinted from Pain, 113, Dworkin RH, Turk DC, Farrar JT et al. Core outcome measures for chronic pain clinical trials: IMMPACT recommendations, 9–19, &
(2005), with permission from the International Association for the Study of Pain.
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as being totally proscriptive and, as McQuay pointed out
in an accompanying editorial, they must be widely
debated before being generally accepted.5, 41 In this
editorial it was also emphasized that whilst few would
disagree with the broad domains identified by the
IMMPACT group (pain; physical functioning; emotional
functioning; participant ratings of global improvement
and satisfaction with treatment; symptoms and adverse
events; participant disposition), more evidence and
debate is required to inform recommendations of exactly
which tools should be preferred to make measurements
within those domains. The following discussion is based
on the IMMPACT recommendations, with the proviso
that these are under debate.

PRIMARY OUTCOME MEASURE

There is a general consensus amongst published trials in
neuropathic pain, and IMMPACT, that the primary out-
come measure in neuropathic pain studies should be a
form of self-reported pain intensity measurement (see also
Chapter 14, Outcome measurement in chronic pain in the
Chronic Pain volume of this series). An 11 point (0–10)
NRS is a reasonable first choice,9 but the choice of parti-
cular scale and collection method (e.g. paper diary versus
electronic diary versus telephone reporting) is a more
difficult decision for which we do not really have sufficient
evidence at the current time. Categorical scales can be used
in situations where the use of an NRS is difficult and they
are often employed as secondary measures.

However, pain intensity measures are of limited value for
measuring anything other than ongoing pain. Many patients
suffering from neuropathic pain also suffer from episodic
evoked and paroxysmal pain, and in some conditions almost
exclusively so (e.g. trigeminal neuralgia). In these situations,
it is important to include an event rate measure. It is con-
ceivable that some medications may influence evoked or
paroxysmal pain more than ongoing pain, so it is important
to record and analyze the data accordingly.

There are difficulties in determining the optimal
method for expressing derived data from an NRS. One
approach is a simple predetermined degree of change in
an NRS. However, for data analysis this is probably
inappropriate, the problem being that a simple change
does not take into account baseline pain values. A com-
mon approach is therefore to take a percentage change in
baseline pain. Nevertheless, a difficulty emerges when one
attempts to set a certain percentage change in baseline
pain intensity as a cut-off for the purposes of defining
treatment responders. On one level, the precise cut-off
level is not of major relevance since the same measure will
be applied to both control and test groups and it could be
set high (e.g. 90 percent) or low (e.g. 10 percent) and
whilst the numbers of responders will be small or large,
respectively, the proportion of responders may not vary
too much between the different definitions. However, a

consistent definition of responder across trials where
similar measurement tools are used is useful for com-
parison and evidence accumulation purposes. Fifty per-
centage change is widely used in meta-analyses,36, 37, 42

partly because of the ease of data extraction, whereas 30
percent has been shown to equate to certain measures of
patient satisfaction in a database of chronic pain trials.43

It is probably appropriate that, at least for the time being,
data derived from both definitions of responder rate are
reported in publications of neuropathic pain trials.9

SECONDARY OUTCOME MEASURES

An important feature of a neuropathic pain is the quan-
tification of the impact of treatment upon ‘‘nonpain’’
features which often accompany neuropathic pain. A full
discussion of these is without the realm of this chapter
and the IMMPACT recommendations can be accepted for
the time being40 (Table 45.2) (see also Chapter 14, Out-
come measurement in chronic pain in the Chronic Pain
volume of this series). However, some additional mea-
sures which might be considered, for example a qualita-
tive measure of pain quality and influence on affect such
as the well-validated and widely used short form McGill
Questionnaire.9, 44 A specific measure of sleep interference
(although it is included in the brief pain inventory) and
global quality of life measure such as the SF-36 health
survey (or one of its shortened versions) might be also
considered. Secondary outcome measures, especially
those associated with quality of life, physical, and emo-
tional functioning, may also provide a measure of the
impact of side effects associated with a novel therapy.

A point arises when the interpretation of secondary
outcome data is considered in the context of the primary
outcome, pain intensity. A positive change in an asso-
ciation with an improvement in pain intensity might be
regarded as being causally related. However, it is possible
to envisage other scenarios; for instance, an efficacious
therapy with unacceptably severe or frequent adverse
events might have a negative impact on secondary mea-
sures in the face of a positive change or unchanged in pain
intensity. Alternatively, a subject may choose to function
to a certain level of pain intensity, in this case an effective
therapy may not have much impact on measure pain
intensity, but secondary measures might improve.

In designing a trial, consideration must be given to the
temporal aspects of data collection, especially in the
context of drug administration and symptom patterns
peculiar to the disease model.9

Duration

For short-term proof of efficacy studies of a parallel group
design it is probably sufficient to continue the treatment
phase for six to eight weeks, although for most of the
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major pregabalin and gabapentin studies, the treatment
effect was apparent by one to two weeks of treatment and
slight variations were more likely to be related to varia-
tions in dose escalation.23, 24, 25, 26, 27, 28, 29 European reg-
ulators advise a minimum of 12 weeks of study after a
stable dose of the test drug has been reached.9 However, a
more open question is how long one needs to continue a
study in order to demonstrate if any apparent efficacy will
be sustained in the long term, for example if tolerance
is an issue with a new drug? To investigate this scenario,
the European regulators recommend consideration of a
6–12-month open label extension study.9

The duration of study required to properly reflect the
adverse events profile of a novel therapy is a more difficult
judgment. Frequent adverse events which appear soon
after commencing therapy are likely to be detected in six-
to eight-week studies powered to detect efficacy; however,
longer periods of study may be required to detect adverse
events which only appear after longer-term treatment.
The need to detect late adverse events has to be weighed
against the undesirability of exposing subjects to placebo
for long periods; a widely adopted solution is to extend
placebo-controlled studies with a longer (often one year)
open label study to monitor adverse events, including
extension of the placebo group. However, as events sur-
rounding the identification of the cardiovascular risks
associated with cyclooxgenase (COX)-2 inhibitors imply,
this strategy may not be sufficient to detect significant
adverse events which have a long latency or occur only in
distinct subgroups of the population.45 These can only be
detected by closely monitoring large populations for
prolonged periods of time. Safety assessment of new
drugs over long periods in large populations is usually
undertaken as a ‘‘postmarketing surveillance’’ exercise,
usually reliant on voluntary reporting. This is probably
insufficiently rigorous for the current era and it could be
argued that regulatory authorities should perhaps grant
provisional registration for a new drug based on con-
ventional phase III studies, for a prolonged period when
enforced monitoring of safety is a requirement.

MONITORING

Trials in progress should be monitored to protect subjects
being unnecessarily exposed to risk and the monitoring
tools must be clearly stated in the protocol. Of the various
scenarios which might be identified during the course of a
clinical trial, the most important are:

� Futility: It may become evident during the course of
a clinical trial that, for example, the test medication
is not superior to placebo. The trial is then deemed
futile and should be stopped.

� Harm: Trials should be monitored to serious and
frequent unexpected adverse events and stopped if
unreasonable harm to subjects is a possibility.

� Scientific misconduct: Trials should be externally
and independently monitored to verify the quality
and veracity of data being obtained and to actively
seek inconsistencies which may indicate scientific
misconduct on the part of an investigator.

The responsibility for monitoring these scenarios is
usually discharged by a data and ethics monitoring
committee which is completely independent of the
investigators and the institutions conducting the study
(www.mrc.ac.uk/pdf-ctg.pdf).10 This committee monitors
the data from the trial on a continuous ongoing basis and
has the responsibility to recommend premature termi-
nation of the study. As the data monitoring committee is
independent it should have procedures in place to ensure
investigator blinding is not compromised.

TERMINATION

A design feature that might be employed as an additional
measure of assay sensitivity might be to allow a period of
no treatment at the termination of a trial, during which it
would be expected that baseline pain intensities be
reachieved, assuming that the disease baseline has not
shifted during the course of the trial.

An important ethical question arises at the end of a
trial of a novel therapy, if the trial demonstrates that the
test therapy is effective. Is it permissible to offer a subject
an effective therapy in the context of a clinical trial and
then not to offer that subject the opportunity to continue
with that therapy after the trial? This is a difficult ques-
tion, especially in the context of trials performed for drug
regulatory purposes, because the medication in question
may not have received regulatory approval at the termi-
nation of the study. The World Medical Association has
considered this point (Box 45.4) and the responsibility
inherent in its position might, for example, be discharged
by conducting a long-term open label study of the test
medication, which follows on from the main trial and
into which subjects are invited. Such a study could have
the primary intention of collecting long-term safety data.

DISSEMINATION

Dissemination is a key phase of any clinical trial and the
method of proposed dissemination must be stated in the
trial protocol. All trials of neuropathic pain therapies
contribute to the clinical evidence base from which clin-
ical decisions are made. Therefore, it is imperative that all
data, including ‘‘negative’’ data are in the public domain,
preferably in the form of a peer-reviewed paper. In order
to understand and interpret clinical trials sufficient
information must be given to a reader and the trial must
be reported in a transparent fashion. The Consolidated
Standard of Reporting Trials (CONSORT) were published
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in 1996 (revised 2001) and have been adopted by most
major journals.46 There are few good reasons not to
publish trials in accordance with the CONSORT recom-
mendations. CONSORT provides a check list for authors
and editors and flow chart (Figure 45.2) which should be
included in the published report of a trial (www.consort-
statement.org).

Duplicate and selective publication of trial results are
not in the interests of compiling an accurate evidence base
for neuropathic pain therapies. Covert duplicate pub-
lication of clinical trial data overestimates a treatment
effect, for example a meta-analysis of trials of ondanse-
tron for postoperative emesis found that duplicate pub-
lication of data was associated with a 23 percent
overestimation of efficacy.47 Selective publication, parti-
cularly of adverse events, is unhelpful, as emphasized by
the arguments surrounding the risks associated with, for
example COX-2 inhibitors and paroxetine.45, 48 It is
therefore important that all the raw data, including those
for adverse events, are available for public scrutiny and
analysis and there have been outline agreements which
move towards this position.49 A safeguard against this
practice is the registration of clinical trials and their
protocols prior to commencement, indeed this is now a
requirement for publication in major journals.17, 50, 51

Box 45.4 The position of the World
Medical Association Declaration of
Helsinki on access to treatment after a
trial has been completed

‘‘At the conclusion of the study, every subject
entered into the study should be assured of access
to the best proven prophylactic, diagnostic and
therapeutic methods identified by the study.’’

This position was later clarified by the
statement: ‘‘It is necessary during the study
planning process to identify post-trial access by
study participants to prophylactic, diagnostic and
therapeutic procedures identified as beneficial in
the study or access to other appropriate care. Post-
trial access arrangements or other care must be
described in the study protocol so the ethical
review committee may consider such arrangements
during its review’’.

Reproduced with permission from (www.wma.net/e/policy/pdf/
17c.pdf. (Accessed December 20, 2006); and www.wma.net/e/
policy/b3.htm (Accessed December 20, 2006)). Copyright 2007,
World Medical Association. All Rights Reserved.
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Randomization
(n=334)

Received gabapentin
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Figure 45.2 Example of a CONSORT flow

diagram from a trial of gabapentin in postherpetic

neuralgia. Redrawn from Pain, 94, Rice ASC,

Maton S, Gabapentin in postherpetic neuralgia; a

randomised, double-blind, controlled study,

215–24, & (2001), with permission from the

International Association for the Study of Pain.
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APPENDIX: USEFUL INTERNET-BASED
RESOURCES

� Bandolier (well-respected evidence-based healthcare
site with many useful resources for practitioners and
investigators. Also links to the Oxford Pain Internet
Site for evidence based views on pain medicine)
www.jr2.ox.ac.uk/bandolier

� World Medical Association (Declaration of Helsinki)
www.wma.net

� European Medicines Agency (European Regulatory
Authority, useful guidelines on neuropathic pain
trials) www.emea.eu.int

� Medicines and Healthcare Products Regulatory
Agency (United Kingdom Regulatory Authority)
www.mhra.gov.uk

� Food and Drug Administration (United States
Regulatory Authority) www.fda.gov

� International Association for the Study of Pain
(ethical guidelines for the study of pain in humans)
www.iasp-pain.org

� Medical Research Council (United Kingdom Funding
Agency – Source of useful information and
guidelines, including Good Clinical Practice
guidelines) www.mrc.ac.uk

� International Conference on Harmonization of
Technical Requirements for Registration of
Pharmaceuticals for Human Use (international body
aiming to achieve harmonization in drug registration
processes in Europe, Japan, and the United States)
www.ich.org.
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KEY LEARNING POINTS

� Systematic reviews may resolve uncertainty where

individual studies are inconclusive or disagree.
� Explicit methods limit bias and improve reliability and

accuracy of conclusions.
� Meta-analysis increases power to detect differences

between interventions and enhances precision of

treatment effects.

� There are different statistical models for performing

meta-analysis, but no one correct method.
� Sensitivity analyses should be conducted to assess

impact of different methods, inclusion criteria and

assumptions. Exploration of variability between study

results is essential.

INTRODUCTION

What we call scientific knowledge today is a body of
statements of varying degrees of certainty. Some of
them are most unsure; some of them are nearly sure;
but none is absolutely certain.

How you get to know is what I want to know.

Richard Feynman1

Healthcare professionals have ever increasing amounts of
information to digest merely to keep up with new
research findings. Individual trials often give conflicting
results, and it can be almost impossible to assimilate and
assess all of the available information on a particular

topic. Systematic reviews aim to overcome some of the
difficulties by bringing together all the available evidence
relevant to a particular research question, and provide
clear statements about the effects of healthcare interven-
tions and, where possible, how different interventions
compare. A systematic review can be defined as a review
that has been prepared using a systematic approach to
minimize biases, and the approach is recorded in a
methods section.2 The key features of a systematic review
are outlined in Box 46.1. They differ from traditional
literature reviews in which one or more of these key
characteristics are absent.3

Systematic reviews provide strong evidence to under-
pin evidence-based policy and practice decisions. With
the generation of clinical guidelines and recommenda-
tions for healthcare practice increasingly based on



systematic reviews, there is a need for healthcare profes-
sionals to understand the strengths and weaknesses of
such reviews. It is important to appraise a review to
understand how the conclusions have been reached, in
order to successfully incorporate their findings into the
decision-making process.

The aim of this chapter is to introduce the reader to
the basic principals of the systematic review process,
focusing on reviews to evaluate the effectiveness of an
intervention. It provides an overview of the main proce-
dures involved. Each step is illustrated using a worked
example and additional sources where more detailed
guidance can be found is given. The steps involved in
conducting a review include:

� formulating a clear research question;
� searching for all available evidence;
� selection and appraisal of studies;
� summarizing and combining results from relevant

studies;
� and interpretation of review findings.

It is easy to underestimate the time and resources
required to complete a review. Each stage requires much
painstaking work, and a review is likely to take months to
complete rather than weeks.

FRAMING THE QUESTION

The first step of a systematic review involves clearly
defining the research question. The methods adopted for
conducting the review are guided by the questions the
review poses. Questions may be broad such as ‘‘Are par-
enteral opioids effective and safe for labor pain?’’ or more
specific such as ‘‘Does celecoxib have greater gastro-
intestinal tolerability than other nonsteroidal anti-
inflammatory drugs (NSAID)?’’

In formulating the question, it is useful to think about
elements of the question in terms of population, inter-
vention(s) or exposure(s), comparison group(s), and
outcome(s) (PICO).

� Population – who is the population or patient group
that will be studied?

� Intervention or exposure – which dose, route,
duration, formulation, one drug or all drugs in a
class of drugs?

� Comparison group(s) – which comparison groups,
for example other drugs, placebo, waiting list control,
no treatment control, sham treatment, or any
comparison?

� Outcomes – which outcomes, all or prespecified
specific outcomes, quality of life, mortality, etc?

Table 46.1 illustrates PICO for the two examples given
above.

Based on choices made for PICO, the reviewer can
then decide which study designs are the most appropriate
for the review. The gold standard for any review must be
one that includes the highest quality evidence available to
answer the question. What constitutes good evidence?
The best evidence to evaluate treatment effectiveness
comes from large, well-designed and executed

Box 46.1 Key features of a systematic
review

� Clearly defined research question.
� Inclusion and exclusion criteria defined a priori.
� Comprehensive and rigorous searches for

potentially relevant studies.
� Methods used to appraise and abstract

information from individual studies predefined,
explicitly reported, and conducted in duplicate
to minimize errors.

� Methods used to synthesis data predefined and
explicitly reported and variability between
studies explored.

� Presentation of raw data rather than just a
summary.

� May include a meta-analysis, but not a
requirement.

Table 46.1 Formulating the review question.

Celecoxib Parenteral opioids

1 Which study designs? Randomized controlled trials Randomized controlled trials

2 Which participants? Adults with OA or RA Women in labor

3 Which intervention(s)? Celecoxib at licensed

therapeutic doses

Parenteral opioids given as mono- or co-therapy

4 Which comparison groups? NSAID or placebo Any including: epidural, cervical block, placebo, or

another opioid or nonopioid drug

5 Which outcomes? Pain, mobility, gastrointestinal

safety

Pain relief, maternal and neonatal outcomes efficacy, and

safety outcomes
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randomized controlled trials (RCT). Inadequate
randomization procedures, lack of blinding, and
exclusion of participants from final analyses may risk
overestimation of treatment effects.4, 5, 6 For example,
RCTs where allocation was not concealed adequately from
trial investigators led to overestimation of treatment
effects by approximately 30 percent.6 This is further
illustrated in a systematic review of transcutaneous elec-
trical nerve stimulation (TENS) for postoperative pain, in
which the RCTs overwhelmingly showed no significant
difference between TENS and sham TENS for pain relief,
whereas the nonrandomized trials showed a significant
benefit with TENS.5 Although there are clinical questions
which cannot be answered efficiently by RCTs, for
example evaluation of rare adverse events, systematic
reviews of nonrandomized studies may generate mis-
leading results. This chapter, therefore, concentrates on
systematic reviews of randomized trials.

Once the question has been formulated, it is advisable
to develop a protocol outlining the methods to be used to
identify, select, appraise, and combine the results of
relevant studies. The aim of the protocol is to reduce the
number of decisions that may be based on what is found
reported in existing studies which could potentially
introduce bias.

FINDING THE EVIDENCE

Having framed the review question, it is important to
look for all relevant studies. A review can only be con-
sidered as systematic when it includes a thorough search
of all the available evidence.

The steps involved in generating a list of potentially
relevant studies include identification of appropriate
search terms, selection of relevant databases, and retrieval
of citations from the searches.

A good starting point is to develop a search based
on the key concepts that apply to the question using
PICO. A list of terms that describes each search concept
comprehensively is generated. These should be
both free text vocabulary, for example the author’s ter-
minology in the title and abstract, and controlled voca-
bulary such as thesaurus terms. When listing free text
terms, think about all synonyms (operation OR surgery),
alternate spelling variants (paediatric OR pediatric),
abbreviations (nonsteroidal anti-inflammatory drug OR
NSAID) and pleural or singular variants (NSAID OR
NSAIDS). Do not rely on one term to find all articles on a
subject.

Once a comprehensive list of terms has been generated,
these can be combined with the Boolean operators
AND and OR. Firstly, free text and controlled
vocabulary terms for each individual concept can be
combined with the OR operator, then two or more con-
cepts are combined with the AND operator. The number
of concepts that are combined will determine the number

of articles subsequently retrieved. There are two
main approaches to constructing an efficient search
strategy.

The aim of a highly sensitive search is to identify as
many references as possible in order to minimize the
possibility of missing potentially relevant studies. With
this approach, there is a higher risk of identifying and
retrieving studies that do not meet the inclusion
criteria, but there is less likelihood of missing studies. A
highly sensitive search for studies evaluating acupuncture
for treatment of chronic back pain might include
terms for the population of interest (chronic back pain)
combined with terms for intervention of interest
(acupuncture).

In contrast, the aim of a highly precise search is to
target the studies more specifically. A precise search
for studies would involve combining several concepts
such as: population (chronic back pain) AND interven-
tion (acupuncture) AND outcome (quality of life) AND
study design (RCT). By requiring citations to have at
least one term in each concept, it will generate fewer
hits and a greater proportion of them will be relevant.
The more concepts that are added, the more precise the
search becomes. The risk of this approach is that
some studies may be missed, something to consider
if there is a paucity of studies in the area being
reviewed.

In practice, a balance somewhere between the two is
recommended. Examples of search strategies are shown in
Box 46.2.

There are many electronic databases available for
searching, and each has information on the subject area
and journals covered on its own website (Table 46.2). The
choice of which and how many to search depends on the
review question and the clinical area – CENTRAL is
particularly recommended for searches of RCTs. There is
a degree of overlap between databases, but searches across
many decreases the likelihood of missing potentially
relevant studies.

Inevitably, initial searches will miss potentially
relevant studies, and additional strategies must be
employed. Studies identified by initial searches should be
retrieved and reference lists scanned for articles not ori-
ginally identified. Also, it is advisable to conduct a
citation search, using Science Citation Index for example,
to identify articles that have cited identified relevant
studies, and which may be subsequent studies. Writing to
experts in the field of study and clinical trial registries can
also yield otherwise unavailable data. However, it
may be difficult to locate and obtain all studies,
published and unpublished, therefore, the reviewer
must be aware of the influence of potential publication
bias on the findings and overall conclusions. It is
important to collate all of the studies found from the
different sources in one central database and to document
all aspects of the search strategy as part of the systematic
review.
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APPRAISING THE EVIDENCE

Assessing for eligibility

The aim of eligibility assessment is to avoid bias in the
study selection process. Eligibility criteria are based on
which studies definitely answer the question(s) posed by
the review, and should be determined at the protocol stage.
Potentially relevant citations are selected from the searches,
and articles obtained, these are then screened for eligibility
in duplicate by two independent assessors. The choice of
whether to assess the reports blind or open is down to the
resources available as it is very time-consuming. Blind
assessment (not knowing the author, journal, year of
publication, etc.) has not been demonstrated to be worth
the effort, but may be advisable for controversial reviews.

Assessing for likelihood of bias

Quality assessment plays an important role in interpretation
of the study findings, and helps determine the strength of

evidence on which to base recommendations for practice.
The principle of quality assessment is to assess each study
for the likelihood of bias using an explicit and standardized
procedure. The elements assessed will depend on generic
factors related to the study design, and specific factors
related to the review topic. Components important to assess
are susceptibility to selection bias and confounding, mea-
surement bias, and attrition bias. For example, in the sys-
tematic review of effectiveness and tolerability of celecoxib
we assessed the following potential sources of bias:

� method of generation of the random allocation;
� concealment of allocation at randomization;
� blinding of trial participants and investigators;
� completeness of treatment and follow-up;
� methods used to compensate for missing outcome

data.

Further details of how these were appraised are given in
Box 46.3.

Numerous checklists and quality assessment scales
have been developed, many of which assign an overall
score to each study in order to differentiate between
studies of variable quality. One such scale commonly used
is the Jadad scale.7 However, assignment of a quality score
is problematic, and no longer recommended due to the
assessment and subsequent score being highly dependent
on the scale used, with discordant results produced by
different scales.8 As with eligibility assessment, it is
important for the quality assessment to be conducted
independently in duplicate with discrepancies resolved
through discussion or consultation with another reviewer.

Incorporating the outcome of quality assessment in the
systematic review makes intuitive sense. One approach is
to exclude studies unless they meet a predetermined
quality threshold, for example only double-blind studies
included. Alternatively, a more inclusive approach may be
preferable where studies are included regardless of
blinding status, and the impact of the presence or absence
of adequate blinding on the overall review findings is
assessed through sensitivity analyses. The latter approach
avoids excluding potentially informative data. Regardless,
the possible influence of variable quality on study findings
should always be investigated. A systematic review of the
effectiveness of acupuncture compared with placebo
acupuncture for relief of back and neck pain was con-
ducted by Ernst and White.9 Nine RCTs comparing acu-
puncture with a control group were pooled in a meta-
analysis and showed that there was 39 percent increased
risk of pain reduction with acupuncture compared with
control RR 1.39 (95 percent CI: 1.16, 1.67). The authors
concluded that acupuncture was effective and failed to
investigate the potential impact of bias on the results.
Pooling of the four RCTs considered to be of higher
quality, i.e. less likely to be biased due to blinding of
outcome assessment, produces a smaller benefit which is
not statistically significant 1.17 (95 percent CI: 0.91, 1.51),

Box 46.2 Sensitive search strategy for
identifying reports of randomized
controlled trials in MEDLINE (OVID
version)

Celecoxib for osteoarthritis and rheumatoid
arthritis

(cyclooxygenase 2 inhibitors.MeSH OR celecoxib.tw
OR celebrex.tw OR SC-58635.tw)

and
(osteoarthritis.MeSH OR osteoarthritis.tw or
osteoarthrosis.tw or osteoarthritic.tw OR
‘‘degenerative joint disease’’.tw OR Arthritis,
Rheumatoid.MeSH OR rheumatoid adj arthrit�.tw
OR arthritis.tw)

and
highly sensitive search strategy from Cochrane
Handbook 4.2.6 September 2006 appendix 5.b

(randomized controlled trial [pt] OR controlled
clinical trial [pt] OR randomized controlled trials
[mh] OR random allocation [mh] OR double-
blind method [mh] OR single-blind method [mh]
OR clinical trial [pt] OR clinical trials [mh] OR
(‘‘clinical trial’’ [tw]) OR ((singl� [tw] OR doubl�

[tw] OR trebl� [tw] OR tripl� [tw]) AND (mask�

[tw] OR blind� [tw])) OR (placebos [mh] OR
placebo� [tw] OR random� [tw] OR research
design [mh:noexp]) NOT (animals [mh] NOT
humans [mh])

MeSH and mh denote Medical subject heading field, tw denotes
text word.
�denotes wildcard.
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however, for the five lower quality studies which were not
blind, the pooled RR was higher 1.70 (1.30, 2.22) and
statistically significant. This indicates that a pooled aver-
age effect, without taking quality into account, may be
misleading and overestimate the true effect. The studies
were variable in terms of acupuncture regimens, outcome
assessment, and control group and perhaps more
importantly the likelihood of bias was high in the
majority of the studies precluding performing a meta-
analysis on these studies.10 Juni and colleagues8 provide a

useful outline of the pros and cons of the various ways of
incorporating study quality into meta-analysis.

Data extraction

Data extraction involves recording relevant information
from each study. Decisions about what information to
extract should be decided before extraction, ideally at
the protocol stage, and usually includes details such as

Table 46.2 Electronic bibliographic databases.

Database Available from Details

MEDLINE Freely available via PubMed at

www.ncbi.nlm.gov/PubMed

The major bibliographic database for

biomedical literature, US focus

EMBASE www.embase.com Pharmacology and biomedicine, European

focus

CENTRAL (Cochrane Central Register

Controlled Trials)

Freely available for many users via:

www3.interscience.wiley.com/cgi-bin/

mrwhome/106568753/HOME

Clinical trials from bibliographic databases

(notably MEDLINE and EMBASE), and

other published and unpublished

sources

CINAHL (Cumulative Index to Nursing and

Allied Health Literature)

www.cinahl.com/prodsvcs/prodsvcs.htm Literature on all aspects of nursing and

allied health disciplines

PsycINFO www.apa.org/psycinfo/ World’s serial literature on psychology and

related disciplines

AMED (Allied and Complementary

Medicine)

www.bl.uk/collections/health/amed.html Literature covering complementary

medicine, occupational therapy,

physiotherapy, occupational therapy,

speech and language therapy, and

palliative care

LILACS (Latin American and Caribbean

Health Sciences Literature)

http://bases.bireme.br/cgi-bin/wxislind.exe/

iah/online/?IsisScript=iah/

iah.xis&base=LILACS&lang=i

Covers literature related to the health

sciences published in Latin America

and the Caribbean, and is published by

WHO Regional Offices. Contains

articles and documents such as: theses,

books, conference proceedings,

scientific reports, and governmental

publications

ASSIA (Applied Social Science Index and

Abstracts)

www.csa.com/factsheets/assia-set-c.php Database covering health, social services,

psychology, sociology, economics,

politics, race relations, and education

SIGLE (System for Information on Grey

Literature)

http://stneasy.fiz-karlsruhe.de European nonconventional literature

covering pure and applied natural

sciences, for example, dissertations,

conference proceedings, and reports

Science Citation Index http://scientific.thomson.com/products/sci/ May be used to identify other relevant

citations on a related topic by

identifying records citing a relevant

author or authors

National Research Register www.nrr.nhs.uk/

MetaRegister of Current Controlled Trials http://controlled-trials.com

US National Cancer Institute register of

ongoing RCTs:

www.cancer.gov/clinicaltrials

Information on other research registers

from:

www.york.ac.uk/inst/crd/htadbase.htm#3
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study design, population, intervention or exposure,
comparison group(s), outcome measures, and results.
Ideally, data extraction should be performed indepen-
dently by at least two reviewers to improve reliability. As

with eligibility and quality assessment, disagreements
should be resolved by consensus or arbitration. Where
agreement cannot be reached, the potential influence of
any uncertainty should be investigated through sensi-
tivity analysis. It is common for more than one pub-
lication of the same data to occur. These may be in the
form of serial publications where each represents dif-
ferent outcomes or lengths of follow-up, or may actually
report duplicate data. Studies reporting positive results
are more likely to be reported in duplicate; therefore,
care should be taken to avoid inclusion of duplicate
data. For example, in a review of an antiemetic agent,
Tramer and colleagues11 found 17 percent of the RCTs
were published more than once. It is advisable and can
be fruitful to contact authors of the original study
reports to obtain additional information if it has not
been reported fully in the article.

SUMMARIZING THE EVIDENCE

The aim of data synthesis is to gather and summarize the
results of the included studies in order to provide an
estimate of average effectiveness, investigate if the effect
varies between studies, and investigate possible sources of
the differences.

This may be achieved through a narrative synthesis
with or without the addition of formal statistical tech-
niques (meta-analysis). There are situations where it
may be inadvisable to combine studies in a meta-ana-
lysis, particularly if disparate methodologies, popula-
tions, interventions, or outcomes have been used, as
with the acupuncture review.10 Or it may simply be
impossible if insufficient data are reported.12 A meta-
analysis is by no means essential in order to make a
review ‘‘systematic.’’ Although a quantitative synthesis
has the advantage of producing an overall estimate of
the treatment effect, a clear and comprehensive sum-
mary of the studies relevant to a particular question is
also of value. Presentation of study characteristics and
results in a summary table in a clear consistent format
will aid interpretation and facilitate reaching clear and
constructive conclusions.10, 12

In a meta-analysis, data from similar studies are
pooled to estimate a weighted average effect in which
more weight is given to studies contributing more
information (larger sample sizes and more precise esti-
mates of treatment effects) than studies contributing less
information. It is important to note that studies are not
pooled as if data came from one large study, but involves
a two-step process where the between group difference is
calculated for each study first, then these are pooled to
estimate the average effect.

A criticism sometimes levelled at systematic reviews is
that lumping together information from different trials
gives unreliable results. It is legitimate to combine
information as long as thoughtful consideration is given

Box 46.3 Quality assessment components

The method of generation of treatment allocation
rated as:

� Adequate if sequences were unpredictable.
Acceptable methods are: computer generated
random numbers, table of random numbers, coin
toss, card shuffle, throwing dice, drawing lots or
envelopes, or any other method guaranteeing
the principle of unpredictable group assignment.

� Inadequate if sequences were predictable.
Inadequate methods are use of patient numbers,
birth date, alternate allocation, or some other
systematic method.

� Unclear if insufficient information given.

Concealment of allocation at randomization rated as:

� Adequate if trial investigators were unaware of
treatment allocation of each participant before
they entered the trial. Acceptable methods are:
list kept at a central office or pharmacy, serially
numbered opaque envelopes, identical
treatments in serially numbered pots, or any
other method that guarantees concealment.

� Inadequate if the next assignment can be
predicted. Inadequate methods are: open
allocation schedule, nontamperproof envelopes,
and all procedures based on inadequate
generation of allocation sequences.

� Unclear if insufficient information given.

The blinding of trial participants and investigators
and how it was achieved. The success of the
blinding procedure also assessed if reported in the
original studies.

To assess completeness of follow-up, the
following information is assessed.

� Information on the type of analysis conducted:
intention-to-treat or observed case analysis.

� Whether participants were analyzed in the
groups to which they were randomized.

� The proportion of people who were excluded
from the analysis in each treatment group with
reasons why.

� The proportion of withdrawals and drop-outs in
each treatment group with reasons why.

� Methods used to compensate for missing data.
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to the choice of which studies to pool. For example, for
the review of celecoxib for treatment of osteoarthritis
(OA) and rheumatoid arthritis (RA), separate meta-ana-
lyses were undertaken for each comparison and outcome.
Studies comparing celecoxib with placebo were
pooled separately from comparisons with another active
agent (NSAIDs). Additionally, studies on participants
with OA that evaluated pain using the Western Ontario
and MacMaster universities (WOMAC) index were
pooled separately from studies on participants with
RA that evaluated pain using the American College of
Rheumatology (ACR-20) responder index.13

If factors vary across trials, then it may be more
appropriate to carry out subgroup analyses, for example
of different drug doses or different patient groups, or to
consider a qualitative review. For example, a review of
epidural corticosteroids for sciatica14 carried out sub-
group analyses based on the time at which pain relief was
measured: short-term (1–60 days following epidural) and
long-term (12–52 weeks) pain relief.

The choice of which summary statistic to use is
dependent on the type of data to be analyzed, and the
expected and observed variation in results between stu-
dies. The types of data most frequently encountered for
systematic reviews are as follows:

� Binary or dichotomous where a participant may be
in one of two states such as in pain or pain-free.
Binary data are summarized using either relative
measures of effect: risk ratios (RR) or odds ratios
(OR) which describes the effect in one group relative
to another group, or absolute measures of effect: risk
differences (RD) which describes the difference in
event rate between the intervention and control
groups. The number needed to treat (NNT) describes
the number of people that must receive a treatment
in order to prevent one extra person having the
outcome that would have had they received placebo.
It is calculated from the RD and though often used
to summarize results from individual RCTs, it cannot
be combined in a meta-analysis.

� Continuous data such as blood pressure or
measurement using an assessment scale which is
usually summarized using means. Comparison
between mean values in an intervention and a
control group generates a difference in means (MD).
A standardized mean difference (SMD) may be
calculated if studies have evaluated an outcome
using different scales such as pain measured using
different measurement scales. This is a standardized
value with-
out any units, and is often referred to as an effect size.

� Time-to-event data which give the time to the
occurrence of an event such as death, and are usually
summarized as a hazard ratio (HR). The HR describes
the reduction in risk on treatment compared with
control over the entire follow-up period.

� Other outcome data that may be encountered
include counts which are events that can happen to a
person more than once, such as the number of
migraine episodes that occur a month. These may be
analyzed as continuous data when the frequency of
the event is common, or when the outcome is rare,
analyzed as rates. A rate describes the frequency of
the event in a stated period of time in all
participants in a treatment group, for example eight
migraine episodes occurred in 120 person-years of
follow-up, and therefore, the rate is 0.067 per
person-year. The rate ratio compares the rate in one
group divided by the other group.

� Pain may be assessed using short ordinal
measurement scales which categorize pain such as
none, mild, moderate, or severe. A score may be
assigned to the categories and longer scales treated as
continuous data. Sometimes these scales are
dichotomized and then treated as binary data. For
example, in RCTs evaluating treatments for migraine,
headache relief is defined as headache pain reduced
from moderate or severe to mild or none according
to a four-point categorical scale.15

See the Cochrane Handbook Section 8.6.1 (freely down-
loadable from www.cochrane.org/resources/handbook/
index.htm) for a thorough discussion of choice of
summary statistics and methods of meta-analysis.16

Random versus fixed effects

Statistical methods of combining results utilize a fixed
effects or random effects model. The fixed effect model
assumes that each study is estimating the same underlying
treatment effect, i.e. it is fixed across studies. The
assumption is there is no statistical heterogeneity, and
that any differences between study results are only due to
chance. Studies pooled using a fixed effects model cal-
culate the variance of the pooled effect based on the
inverse of the sum of the weights of each study. The
assumption of the random effects model is that each
study is estimating a different effect, but one which fol-
lows a distribution, such as a normal distribution. Thus
variation between study effects is random. The random
effects model adds variance to the pooled effect in pro-
portion to the variability of the results of the individual
studies, generating wider confidence intervals around the
pooled effect than for the fixed effect model. For this
reason it produces a more conservative estimate of effect.

Heterogeneity

Heterogeneity between studies may arise due to differ-
ences in methodology and differences in clinical char-
acteristics which can be minimized by making careful
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pooling decisions. Statistical heterogeneity refers to dif-
ferences between study effects greater than would be
expected due to chance. Statistical testing for hetero-
geneity should be performed routinely, but commonly
used statistical tests lack power so that while a positive
test for heterogeneity suggests that trials were not similar,
a negative test does not provide complete reassurance that
there is no heterogeneity.17 For this reason, a p-value
higher than the usual value of 0.05 is recommended
(po0.1). More recently, a test that quantifies the amount
of heterogeneity present is recommended: I2. This value
describes the proportion of variability across studies due
to true differences rather than random error.18

Investigating heterogeneity

If heterogeneity is detected, meta-analysis may not be
advisable, particularly if heterogeneity is excessive (I2475
percent). If a meta-analysis is conducted, a random effects
model may be used instead of a fixed effects model to
account for the heterogeneity, but it is not a substitute for
investigation of possible sources. Ideally, exploratory ana-
lyses should be preplanned, limited to as few as possible and
based on sound scientific and empirical considerations.

One such exploratory analysis is sensitivity analysis,
which evaluates how robust the findings of the meta-
analysis are to decisions made about pooling studies.
For example, findings and interpretation of the efficacy
and tolerability of celecoxib did not change when the

unpublished studies were removed from the main analy-
sis.13 The overall findings are strengthened if results are
similar, whether or not questionable studies are included.

Another type of exploratory analysis is subgroup ana-
lysis. Subgroups may be generated by either grouping
subsets of participants; for example, the benefit of cel-
ecoxib in participants not taking aspirin seemed greater
(73 percent reduction in ulcer incidence, 52 to 84 percent),
than in participants taking aspirin (51 percent reduction,
14 to 72 percent) (Figure 46.1).13 Alternatively, by
grouping subsets of studies whereby different studies
would be in each subgroup as shown with the previous
example for epidural corticosteroids for sciatica.14

Lastly, meta-regression is a technique to investigate
potential differences in effect according to a particular
characteristic or to investigate heterogeneity. Its use is
limited by the requirement for at least ten studies to make
meaningful investigations, frequently unavailable in any
single meta-analysis. Nonetheless, it sometimes yields
interesting findings. A meta-regression analysis by Derry
and Loke19 showed no significant relationship between
risk of gastrointestinal hemorrhage and daily aspirin dose.
The relative reduction in the incidence of gastrointestinal
hemorrhage was 1.5 percent per 100mg reduction of
dose, but this was not significant (p= 0.3).19

In practice, many of these exploratory analyses have
many pitfalls, and cautious interpretation of their findings
is advised as they may generate spurious relationships.
They may, however, generate useful hypotheses.

Celecoxib NSAID Risk ratio (95% CI)
No prophylactic aspirin use

Study 071(D)

Study 071(I)

Zhao 1999(N)

Simon 1999(N)

Study 062(N)

Zhao 1999(N)

Simon 1999(N)

Study 062(N)

RR = 0.27 (0.16 to 0.48)

Heterogeneity: Q=17.79, p=0.001

RR = 0.49 (0.28 to 0.86)

Heterogeneity: Q=3.12, p=0.54

Prophylactic aspirin use

Study 071(D)

Study 071(I)

11/129

12/129

14/260

20/383

11/182

28/274

66/235

29/116

36/128

75/186

1/18

1/18

6/45

3/40

7/29

8/32

12/41

5/30

0/9

12/28

0.01 0.1

Celecoxib better
than NSAID

Celecoxib worse
than NSAID

1 10 100

Figure 46.1 Forest plot showing

impact of prophylactic aspirin on

incidence of ulcers in randomized trials

of celecoxib versus NSAIDs. D,

diclofenac 75mg twice daily; I,

ibuprofen 800mg thrice daily; N,

naproxen 500mg twice daily.
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Publication bias

Publication bias occurs when the chance of publication of
a study is related to the significance of its results: a study
is more likely to be published if it shows significant
effects. Evidence for this comes from a meta-analysis of
four groups of research projects approved by ethics
committees or institutional review boards in the USA,
UK, and Australia which found that the odds of
publication was 2.4 times greater if the results were
statistically significant.20

Additionally, studies are more likely to be published
sooner,21 in English language journals,22 be cited more
frequently,23, 24 and published in multiple publications11

if they demonstrate significant effects. More recently,
outcome reporting bias has also been identified as an
additional source of publication bias.25, 26, 27 A retro-
spective review of publications of RCTs identified the
odds of reporting a significant outcome was approx-
imately twice that of nonstatistically significant
outcomes.27

All of the above biases are more likely to affect small
studies rather than large. Larger studies require a greater
investment of time and money and are therefore more
likely to be published even when results are not sig-
nificant. A commonly used method for exploring pub-
lication bias is the ‘‘funnel plot.’’ A funnel plot is a scatter
plot of individual study effects plotted according to the
precision of the estimate. In the absence of bias, studies
will be evenly scattered forming a symmetrical inverted
funnel shape. Smaller studies with less precise estimates
appear more widely scattered at the bottom, and larger
studies with more precise estimates appear towards the
top. If small studies remain unpublished because they fail
to show significant effects, an asymmetrical plot will
result. Asymmetrical plots may also be due to clinical or
methodological heterogeneity. Inferences are also limited
by having sufficient studies to create a meaningful plot.
Formal statistical tests are available to test if asymmetry
is likely to be due to chance, but they lack power and
often give inconsistent results and therefore are not
recommended.

Publication bias and poor reporting quality are both
serious threats to the validity of systematic reviews.
Reviewers should make every effort to identify all relevant
studies, published or unpublished. Trial registries such as
those shown in Table 46.2 will aid identification in the
future. Adherence to recommendations of the CONSORT
statement for improving the reporting of RCTs by trial
authors should improve the assessment and abstraction of
reliable data from relevant studies by interested reviewers.

CONCLUSION

In summary, this chapter aims to provide a framework for
carrying out a review, taking into account the most

important methodological issues. A good review pays
careful attention to susceptibility to bias, reports on
outcomes which are meaningful to healthcare profes-
sionals, consumers, and researchers, and expresses results
in a clear and useful way.
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KEY LEARNING POINTS

� Postoperative and other acute pain continue to be

poorly managed, causing unnecessary suffering and

increasing risk of complications after surgery and injury.
� The institution of acute pain services (APS) leads to

improved pain relief and reduces treatment-related side

effects.
� There are many models of APS; the superiority of one

over another has not been shown and local

circumstances may determine which will function best.
� Staff education, a key role of an APS, is a prerequisite

for better pain assessment, improved prescribing

practices, and better acute pain relief.

� Improved acute pain management results more from the

APS educational activities and appropriate

organizational delivery of pain relief than from the

techniques themselves.
� When attention is given to education, patient

assessment, documentation, and provision of

appropriate guidelines and policies, even basic ‘‘low-

tech’’ techniques of pain relief are more effective.
� Close liaison with all personnel involved in the care of

the patient is required for successful management of

acute pain. This goal is reached by an ongoing

educational program delivered by a well-staffed and

well-trained APS.

INTRODUCTION

Objectives in acute pain management can be summarized
in four broad categories. These may help to determine the
requirements for analgesic management in terms of the
technique and service structure required for delivery of
effective acute pain relief.

Humanitarian

The need to prevent or reduce unnecessary pain and
suffering is clearly important.1, 2, 3 It would seem an
obvious intention, but the evidence from Pain after sur-
gery4 suggests that before this report the prevailing

attitude was that pain, often severe pain, was to be
expected after surgery and that medical and nursing staff
were ill-equipped to deal with it.

Avoidance of the pathophysiological
consequences of untreated severe pain

It is now realized that pain may have significant adverse
physiological and psychological effects and that many of
the well-recognized complications of surgery are pre-
cipitated or aggravated by poorly treated acute pain.5

In high risk patients, i.e. those having major thoracic
or abdominal surgery or with significant medical



comorbidities, the need for effective analgesia becomes
paramount in attempts to reduce perioperative morbidity.
Especially important is the ability to achieve ‘‘dynamic
analgesia,’’ i.e. to reduce pain provoked by movement,
e.g. with coughing and deep breathing early in the
postoperative period.

Reducing the risk of chronic pain

Some common operations may lead to chronic pain
syndromes.6, 7, 8 Increased understanding of nociception
and pain impulse processing in the central nervous system
has raised hopes that better acute pain management may
lead to a reduction in the incidence of severe chronic
postoperative pain.9, 10 For more information on the
prevalence of chronic pain after surgery and evidence for
its prevention see Chapter 31, Preventing chronic pain
after surgery, in the Acute Pain volume of this series, and
Chapter 30, Chronic pain after surgery, in the Chronic
Pain volume of this series.

Preservation of vital organ functions and
fast-track recovery

This is of particular importance in accelerated recovery
(fast-track surgery) programs where early mobilization
and nutrition are primary objectives that cannot be
achieved unless acute pain is well managed.11, 12, 13, 14, 15

It could be argued that all these objectives are universal
in pain management and indeed that is so. What perhaps
distinguishes acute pain management from chronic pain
management is the urgency with which effective analgesia
is required, particularly if patients are at risk of pain-
related adverse events.

The World Health Organization (WHO) analgesic
ladder is a well-known tool for managing pain relief that
is often applied inappropriately in the acute pain setting
with simple analgesics being prescribed as first line
resulting in undertreatment of pain. That said, the ladder
is useful in the treatment of acute pain, providing one
realizes the need to descend rather than ascend the ladder
beginning with strong opioids or invasive analgesic
techniques and reducing to simple analgesics as the acute
response to injury subsides.

Increasing recognition of inadequate acute
pain management

Despite these objectives, studies over the last few decades
have consistently shown that acute pain management is
often still suboptimal, with up to two-thirds of surgical
and medical patients experiencing moderate to severe
pain during their hospital stay.16, 17, 18, 19, 20, 21, 22

The consequences have been increasing use of more
sophisticated methods of pain relief in general hospital

wards and in ambulatory settings, the development of
acute pain services (APS), and guidelines and reports
relevant to acute pain management. Some of these
guidelines and reports are listed below.

� The Royal College of Surgeons and College of
Anaesthetists: Working party report on pain after
surgery, 1990.4

� Faculty of Anaesthetists and Royal Australasian
College of Surgeons: Statement on acute pain
management, 1991.23

� International Association for the Study of Pain
(IASP) Task Force on Acute Pain: Management of
acute pain: a practical guide, 1992.24

� US Department of Health and Human Services,
Agency for Health Care Policy and Research
(AHCPR), Clinical Practice Guideline. Acute pain
management: operative or medical procedures and
trauma, 1992.25

� American Society of Anesthesiologists (ASA): Practice
guidelines for acute pain management in the
perioperative setting, 1995.26

� College of Paediatrics and Child Health Working
Party Report: Prevention and control of pain in
children, 1997.27

� Association of Anaesthetists of Great Britain and
Ireland: The anaesthesia team, 1998.28

� UK Audit Commission Report: Anaesthesia under
examination, 1998.29

� Europain: Minimum standards for the management of
postoperative pain, 1998.30

� National Health and Medical Research Council
(Australia) Working Party Report: Acute pain
management: scientific evidence, 1999.31

� Veterans Health Administration and Department of
Defense in the USA: Clinical practice guidelines for
the management of postoperative pain.32 An updated
copy of these guidelines can be found at
www.oqp.med.va.gov/cpg/PAIN/PAIN_GOL.htm

� Joint publication by several UK professional bodies:
Good practice in the management of continuous
epidural analgesia in the hospital setting, 2004.33

� American Society of Anesthesiologists (ASA): Practice
guidelines for acute pain management in the
perioperative setting: an updated report by the
American Society of Anesthesiologists Task Force on
Acute Pain Management.34

� Australian and New Zealand College of Anaesthetists
and Faculty of Pain Medicine: Acute pain
management: scientific evidence, 2nd edn, 2005.35

� Australian and New Zealand College of Anaesthetists
and Faculty of Pain Medicine: Guidelines on acute
pain management, 2007.36

� British Pain Society publication: Pain and substance
misuse: improving the patient experience, 2007.37

� PROSPECT: Procedure-specific postoperative pain
management.38
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The report of the Royal College of Surgeons and College
of Anaesthetists4 stated that an APS ‘‘should be intro-
duced in all major hospitals performing surgery in the
UK’’ and later recommendations from the Faculty of
Anaesthetists,23 AHCPR,25 and American Society of
Anesthesiologists26 agreed that all major acute care
centers should have an APS.

In part as a result of the earlier reports and guidelines,
as well as increasing awareness of the need to treat acute
pain and the potential benefits of providing good-quality
analgesia, the proportion of hospitals with APS has risen,
as has recognition of the need for an APS. Although the
model of APS may vary (see below under Organization of
acute pain services), in the UK39 and Canada40 around 90
percent of hospitals now have an APS. However, the
definition of what constitutes an APS can vary from
institution to institution. In a postal survey of APS in
hospitals in the UK (81 percent response rate), 86 percent
provided a weekday service with a reduced service at other
times; only 5 percent provided 24-hour service, seven days
a week.41

THE DEVELOPMENT AND GROWTH OF ACUTE
PAIN SERVICES

Advanced pain relief techniques, such as patient-con-
trolled analgesia (PCA) and epidural analgesia, had been
used for the management of acute pain for some years
before the advent of APS. However, their use in a general
ward setting did not become widespread until after APS
had been established.

While the idea for an anesthesiologist-led analgesia
team to supervise acute pain relief and take responsibility
for education, was mooted as early as 1976,42 the devel-
opment of these teams did not start until a decade later.
The landmark publication by Ready et al. in 1988,43 which
described the beginning of their APS in the USA and the
first 18 months’ experience, heralded the start of the rapid
development and growth of organized APS. Starting
within a short time after this and then increasing rapidly
over the next 20 years, other countries including Aus-
tralia,44, 45 the UK,46, 47, 48 New Zealand,49 Germany,50, 51

Canada,52 Ireland,53 Spain,54 Israel,55, 56 Belgium,57, 58

Italy,59 Norway and Switzerland,60 Sweden,61 Denmark,62

Poland,63 Saudi Arabia,64 Hong Kong,65, 66 Malaysia,67, 68

Singapore,69, 70 and Thailand71 followed suit.

The changing role of the acute pain service

The APS started by Ready et al.43 over 20 years ago aimed
primarily to manage acute postoperative pain using one
of the more ‘‘high-tech’’ methods of pain relief, such as
PCA and epidural analgesia. Changes over time have seen
APS play a major role in also improving the effectiveness

of more conventional ‘‘low-tech’’ methods of pain relief,
so that more patients in a hospital will benefit.72, 73

The concept of the APS, as a postoperative pain
management service, has also changed over that period,
both in the way that these services are run and in the
range of services they provide.

In the early days, the focus followed the excellent
recommendations in Pain after surgery4 summarized
below:

� responsibility for the day-to-day management of
acute pain after surgery;

� organization of services so that the level of care
and monitoring is appropriate for both the
clinical condition of the patient and the technique
involved;

� provision of in-service training for medical and
nursing staff involved in the management of
postoperative pain;

� establishment of programs for the diagnosis and
management of the complications and hazards of
particular forms of treatment;

� audit of the beneficial and detrimental outcomes of
existing methods of treatment and evaluation of new
techniques;

� clinical research into the relief of acute pain.

In recent years, APS have found themselves being called
upon to provide assistance in other areas of the hospital
where pain management is problematic, away from the
primary remit of managing postoperative pain. In many
hospitals, input from APS has facilitated improvements in
pain management for daycase surgery,74, 75 in emergency
medicine departments,76, 77, 78 and pediatric wards,79, 80, 81

and also pioneered techniques to manage procedural pain
in many situations.82, 83, 84, 85, 86, 87 In addition to these
roles, APS have come under increasing pressure to assume
a role in improving pain management on medical wards,
where poor pain relief remains a major concern.17, 88

Other developments in the understanding of pain
have demonstrated that acute pain and chronic pain are
not separate entities, but part of a pain continuum,
and that neuropathic pain is often a factor in the acute
pain setting. This requires APS teams to recognize
and implement early treatment using drugs and techni-
ques more traditionally associated with chronic pain
therapies.7, 89

Acute pain services are also called upon to deal with
increasingly more complex pain management issues, such
as acute on chronic pain, acute pain after spinal cord
injury, and other major trauma, and acute medical pain
(e.g. acute herpes zoster, sickle cell crisis, pain associated
with HIV/AIDS, cardiac pain) and increasingly more
complex patient groups (e.g. opioid-tolerant patients,
patients with a substance abuse disorder, the elderly, and
patients with obstructive sleep apnea).35, 72 In view of the
wider demands on modern APS, and the increased
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knowledge required by individuals previously seen as
acute pain practitioners, it might be that the term ‘‘in-
patient pain service’’ is now a more appropriate title than
acute pain service.

Finally, members of some APS teams are becoming
more involved in perioperative medicine15 and outreach
critical care services,90, 91 as well as accelerated post-
operative recovery programs following major surgery.
These fast-track programs rely heavily upon the provision
of effective analgesia and present new challenges in pro-
viding pain relief that facilitates early mobilization and
early oral intake.11, 15, 92

Models of APS organization

There has been some debate as to the best form of APS
and there is, as yet, no consensus about the best model or
even agreed definitions of what might constitute an APS.
Therefore, the structure of APS varies widely, depending
on local patients’ profiles, local traditions, and responsi-
bilities for care of surgical and medical patients. For the
purposes of training in multidisciplinary pain medicine,
the Faculty of Pain Medicine in Australia states that an
APS must have at least one specialist anesthesiologist
session (a session is a half day) and one nursing session
allocated each weekday, as well as 24-hour availability of a
specialist anesthesiologist for consultation.93 For training
in anesthesia, both the Royal College of Anaesthetists in
the UK and the Australian and New Zealand College of
Anaesthetists require all institutions with anesthesia
trainees to have an APS. Similar requirements exist in
Norway and the other Nordic countries. In Australia, 91
percent of training hospitals have an APS run by the
Department of Anaesthesia, with daily input from med-
ical staff (Australian and New Zealand College of
Anaesthetists, personal communication). A recent survey
of training hospitals in the in the UK showed that while
90 percent of hospitals reported having an APS, dedicated
medical staff sessions did not exist in 37 percent, were
limited to one to two sessions per week in 49 percent, and
in only 4 percent were there five or more sessions.39

Currently, APS structures vary from nurse-based/
anesthesiologist-led, without daily participation by an
anesthesiologist55, 73 to anesthesiologist-based/nurse-sup-
ported – anesthesiology leadership being common
because the knowledge required and techniques used are
similar to those used in anesthesia.43, 44, 49 All rely on APS
nurses and, regardless of the model chosen, an organized
team approach is essential.

The nurse-based, anesthesiologist-supervised model
described by Rawal73 seeks to involve all nurses in the
provision of better analgesia, regardless of technique used.
It proposes that improved education and regular mon-
itoring of pain and pain relief (‘‘making pain visible’’) will
lead to better analgesia for all patients. The anesthesiol-
ogist-led model of Ready et al.43 has been criticized as

being costly because only a small proportion of patients
receive its benefits.94 That is, it forgets the many patients
whose pain will be treated using one of the more con-
ventional analgesic regimens (e.g. intermittent intramus-
cular or oral opioids), prescribed by junior medical staff.
However, this need not and should not be the case (see
below under Selection of analgesic regimens).

Werner et al.95 performed a systematic review of arti-
cles relating to APS. Of the 73 articles they reviewed
which discussed organizational aspects, the APS was
physician-based (usually anesthesiologist) in 56 (77 per-
cent) and 17 (23 percent) were nurse-based. There was no
evidence to suggest that either model is superior.

Unfortunately, some anesthesiologist-based APS have
tended to concentrate on the high-tech approaches to
pain relief, placing less emphasis on improving simple
methods of pain relief throughout their hospital. This
approach benefits only a small proportion of patients.
This need not be the case, if, as with the nurse-based
service, the anesthesiologist-based APS assists in the
development of better protocols for all analgesic regimens
used throughout the hospital.72, 96

Story et al.90 reported on the results of a combined
physician-based critical care outreach and APS team
comprising both anesthesiologists and nursing staff. They
conducted a prospective, before-and-after trial of stan-
dard acute pain management followed by a period when
high-risk postoperative patients were reviewed for the
first three days after their return to a general ward by a
combined APS and medical emergency team they called
IMPACT (Inpatient Management of acute Pain and
Advice on Clinical Treatment). They showed that an APS
providing critical care outreach may improve post-
operative outcome: the incidence of serious adverse
events decreased from 23 events per 100 patients to 16
events per 100 patients and the 30-day mortality
decreased from 9 to 3 percent (p= 0.004).90

In the UK and Nordic countries, APS appear to have
developed following two basic models often determined
by the priorities of the physician originally directing the
service. Setting up an APS was undertaken in many
hospitals by clinicians already involved in chronic pain
work. Under these circumstances, provision of acute pain
management is under the umbrella of a comprehensive
pain service with the same nurses and doctors providing
input into both acute and chronic pain management.

In contrast, other services were initiated by clinicians
with an interest in improving perioperative care, seeing
pain as a crucial element in patient management during
this critical period. Such services have frequently developed
as distinct APS separate from the chronic pain service
(CPS) resources and personnel and often with links into
perioperative care initiatives, such as outreach critical care
services,97 which in the UK have developed using a nurse
practitioner model similar to that of many UK APS.91

Advocates of this latter model suggest that acute and
chronic pain management services do not sit comfortably
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together arguing that acute pain work is largely inpatient-
based, while chronic pain work is largely in outpatients and
that the urgency required in acute pain work is at odds
with the long review times for most chronic pain therapies.

However the APS is organized, cooperation between
acute and chronic sectors is crucial if appropriate man-
agement of complex patients is to be facilitated, as these
patients frequently require input from practitioners with
chronic pain knowledge during the inpatient phase of
their treatment and subsequent follow up as an out-
patient. It is also important to keep clear business
objectives for both arms of the service as the requirements
of each are often very different, and to ensure that staff
appointed to APS duties are not assimilated into running
CPS to the detriment of the APS (and vice versa). Clear
thinking, even to the point of submitting separate busi-
ness plans, helps to clarify the requirements of both ser-
vices and presents an opportunity to clarify the resource
requirements and objectives of the two services.

Regardless of the model chosen, the philosophy with
which to approach acute pain work is that of ‘‘working to
put the acute pain team out of business’’ by striving,
through education and training, to disseminate the work
of the team down to ward level. To some degree, this
philosophy has been successful with concepts such as
multimodal analgesia now being widely understood and
with PCA and epidural analgesia being largely managed at
ward level by ward staff. That said, it is unlikely that APS
will ever be unemployed due to the ever-increasing
demands brought on by the increasing number of com-
plex challenges (see above under The changing role of the
acute pain service).

Initiating an acute pain service

Initiating and developing an APS is a major undertaking
which requires the support of medical and nursing staff and
hospital managers. Also needed are all of the factors covered
below under Resources required which looks at organiza-
tion of an APS – education, appropriate selection of
analgesic regimens, provision of standardized protocols and
guidelines, and audit and quality improvement programs.

The management of this change can be difficult. For
further information on change management using the
establishment of APS as an example, see Chapter 48,
Acute pain services and organizational change.

RESOURCES REQUIRED

At an institutional level, a key factor limiting the effec-
tiveness of acute pain management is a lack of resources.
Such resources include adequate staffing (medical and
nursing) both within- and after-hours, the time and
personnel required for education of staff and patients,
the time and personnel required for assessment and

appropriate monitoring of patients, and the provision of
appropriate drugs and equipment.

It is also recognized that once established, an APS may
rapidly have requests to expand the service, for example
into daycase surgery,74, 75 emergency medicine depart-
ments,76, 77, 78 pediatric wards,79, 80, 81 procedural set-
tings,82, 83, 84, 85, 86, 87 and medical wards.17, 88

The director of the APS has to ensure that the work
being undertaken by the service does not exceed available
resources. It is, of course, desirable to run an APS that is
inclusive and able to deal with all aspects of pain man-
agement in the inpatient population, but this must be
tempered with common sense regarding priorities when
resources are limited – as they inevitably are. Patients in
severe acute pain in the early postoperative period must
continue to take precedence as this situation may lead on
to increased postoperative morbidity and possibly even
mortality. These patients may require urgent intervention
24 hours, seven days per week.

As the service expands its role, it is essential to identify
and highlight the increased resource requirements of
these developments well in advance so as not to under-
mine existing service provision. Service expansion is
inevitable and indeed desirable, facilitating improvements
in pain management in many sectors of the hospital, but
resources must be forthcoming. In order to ensure success
in developing resources, it is vital that the surgical and
medical staff, as well as the hospital administration,
understand and support the APS.

Benefits of an acute pain service

POSTOPERATIVE PATIENT OUTCOME

Randomized controlled trials looking at the benefits or
otherwise of APS have not been undertaken. However,
there are data from studies of lower methodological
quality that have attempted to compare pain relief and
other patient outcomes in patients under the care of an
APS with those patients who are not.

Although firm conclusions about the benefits of APS
are difficult to make because of the heterogeneity of APS
models, recent reviews have suggested that implementa-
tion of APS programs is associated with significant
improvements in pain relief and reduction in the inci-
dence of side effects after surgery.34, 95, 98

In the systematic review by Werner et al.,95 48 studies
containing outcome data were identified. Twenty-five
were prospective studies and of these, five were controlled
trials (including one using historical controls) and ten
analyzed outcome before and after provision of a formal
APS. Twenty-three of the studies included in the review
used retrospective data. The outcome variables most
frequently reported were pain ratings, treatment-related
side effects, and adverse events; less often the studies
reported on postoperative complications, cost, and length
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of hospital stay. In summary, the authors concluded that
implementation of an APS is associated with a significant
decrease in patients’ postoperative pain ratings and that
the incidence of nausea and vomiting may be reduced,
but that evidence for other benefits is weak.

As Werner et al.95 note in their paper, ‘‘segmenting the
effects of an APS from the effects of the increased
awareness of postoperative pain and/or improvements in
postoperative pain techniques by multimodal pain-
relieving techniques and improvements in surgical tech-
nique (minimal invasive surgery) is difficult.’’ Outcome,
such as postoperative morbidity and hospital stay, are
dependent on many other factors in addition to good
pain relief, including programs for postoperative care and
rehabilitation, orders for mobilization and oral nutrition,
and defined discharge criteria.

It could be argued that an APS ‘‘represents an instru-
ment to improve pain relief ’’95 and to assist in post-
operative rehabilitation and fast-track surgery programs.
It could also be argued that any improvement in pain is
due to the analgesic technique used, the general increase
in awareness of the importance of good pain manage-
ment, the use and increasing availability of improved
treatment regimens, and knowledge about and use of
better treatment strategies for analgesia-related side
effects, rather than the presence of the APS. However,
widespread use of some more sophisticated techniques
(e.g. epidural analgesia) in most institutions is only
possible because of supervision by an APS.

There are some individual studies that show better
outcome when use of a specific analgesic technique is
supervised by an APS. For example, when a comparison
was made between PCA managed by an APS or primary
ward doctor, the incidence of postoperative nausea and
urinary retention was less in APS-supervised patients,
despite an increase in opioid consumption.99 Similarly,
the incidence of epidural-related hypotension decreased
after the introduction of an APS45, 100 and pain relief with
PCA45, 100 and epidural analgesia45 improved. Input from
an APS can also significantly improve the effectiveness of
more traditional opioid analgesic administration.48, 101

Other individual studies showing marked improve-
ments in pain relief with fewer side effects after the
inception of an APS are those by Salomaki et al.102 and a
survey of 23 hospitals in the US, 49 percent of which had
anesthesiologist-based APS.103

Improved patient outcomes in terms of decreased
morbidity and mortality may also be seen if high-risk
postoperative patients are regularly reviewed by a com-
bined APS-critical care outreach team – see above under
Models of APS organization.90

REDUCTION OF PERSISTENT PAIN

A number of studies have shown association between the
intensity of acute pain (both postoperative and acute pain

from medical conditions) and the development of per-
sistent pain.10, 104, 105, 106, 107, 108, 109 There is no evidence
that treatment of acute pain, per se, will reduce the risk of
persistent pain.110 There is, however, some evidence that
more aggressive acute pain relief with epidural analgesia
started before surgery and continued after surgery
under the supervision of an APS may reduce the inci-
dence of persistent pain after thoracotomy106, 111 and
severe phantom pain after leg amputation,112 although
not the incidence of phantom pain overall.113 Ami-
triptyline given in the early stages of acute herpes
zoster may reduce the risk of chronic postherpetic
neuralgia.114 Members of an APS team may also be more
likely to recognize the onset of early neuropathic pain
associated with surgery, trauma, or medical disease, and
institute appropriate treatment with antihyperalgesic
drugs and techniques.110

ECONOMIC CONSIDERATIONS

Increasingly, healthcare decision-makers are using eco-
nomic analyses to help allocate limited healthcare
resources effectively. Unfortunately, as yet there are no
good data about the cost-effectiveness of APS or the
relative cost-effectiveness of the different models of APS,
despite the rapid increase and widespread availability of
APS in many countries (see above under The develop-
ment and growth of acute pain services).

A recent review of economic evaluations115 concluded
that there was a lack of high-quality economic studies to
support the cost-effectiveness and cost-benefits of APS,
that the cost of APS for surgical patients from direct and
indirect effects (improved pain management from edu-
cation in patients not receiving APS) varied from US$2.28
to US$5.08 per patient per day, and that there were
insufficient data to identify which APS model (anesthe-
siologist-based/nursing-supported or nurse-based/anes-
thesiologist-supervised) was more cost-effective. This cost
is similar to that estimated more than a decade before by
Breivik116 – US$2–4 per patient per day for a nurse-
based/anesthesiologist-supported APS.

Individual studies have, however, suggested that an APS
may be cost-effective. In one of these,51 a prospective
evaluation of the cost-effectiveness of an APS-supervised
multimodal epidural PCA program, an overall cost-saving
was seen because of a shorter stay in the high-dependency
wards, even though a greater degree of supervision was
needed for the patient-controlled epidural analgesia
(PCEA)-treated patients. The other study58 looked at cost-
effectiveness before and after the introduction of an APS;
pain ratings and the incidence of postoperative complica-
tions (after some surgery) related to inadequate acute pain
relief decreased, but there was no difference in duration of
hospital stay and postoperative mortality rate. There was
an increase in the cost per patient of 19 Euro per day.58

While this is not an insignificant amount, it is a direct cost;
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cost per patient per day would be less if indirect effects of
an APS on all patients were taken into account.116

ORGANIZATION OF ACUTE PAIN SERVICES

Education

One of the reasons for past and current deficiencies in the
management of acute pain is inadequate education of
medical, nursing and allied health staff and students,
patients and their families and friends. Inadequate
knowledge, misconceptions, and the persistence of some
of the myths that surround pain management continue to
result in barriers that prevent optimal analgesia in many
patients. Better education of all groups is needed, if more
sophisticated methods of pain relief (such as patient-
controlled and epidural analgesia) are to be managed
safely and effectively and if better results are to be gained
from conventional methods of pain relief.

PATIENTS

While the evidence for any benefit from preoperative
patient education is varied and conflicting in terms of
decreases in anxiety, analgesic use, and perceptions of pain
intensity,35, 117 it is only appropriate that patients who are
cared for by the APS be given information about the pain
relief methods that are available and the choices that they
have. In order to make the decision on whether to consent
to a treatment, they need the following information:

� likely benefits and the probabilities of success;
� risks and side effects;
� how their pain relief and its treatment (including any

side effects or complications that may occur) will be
monitored and assessed;

� a reminder that they can change their mind or have
a second opinion;

� where applicable, details of costs or charges that have
to be met.

Patients should know why effective analgesia is important
for their recovery, as well as their comfort and the benefits
of physiotherapy and early mobilization should be
explained. Information should be given to each patient
and tailored to the needs of that patient. It can be pre-
sented in a number of ways including verbally, in booklet
form, on a video/CD, or made available on the Internet.
Examples of the latter include:

� Australian and New Zealand College of Anaesthetists,
Faculty of Pain Medicine:
– Managing acute pain: a guide for patients

(available from: www.anzca.edu.au/resources/
books-and-publications);

� Royal College of Anaesthetists:
– Epidurals for pain relief after surgery (available

from: www.rcoa.ac.uk/docs/eprs.pdf);
– Nerve damage associated with a spinal or epidural

injection (available from: www.rcoa.ac.uk/docs/
nerve-spinal.pdf).

The accuracy of some information available to patients
remains limited, particularly in terms of risks associated
with techniques, such as epidural analgesia. Past studies in
this area, concentrating largely on epidural abscess for-
mation,118, 119, 120 suggested a complication rate between
1:800 and 1:10,000. However, more recent evidence from
the UK,121 and Australia122 suggests an incidence of major
complications (epidural abscess and hematoma) as high
as 1:1030122 to 1:660,121 although not all patients suffered
permanent neurological damage. Similar findings were
reported from Sweden.123 Clearly, this is one major task
of an APS: to secure a robust monitoring regimen, to be
able to discover early symptoms of impending major
complications, and then treating them before irreparable
damage can occur.60, 124 The Third National Audit
Project (NAP III) being undertaken by the Royal College
of Anaesthetists is studying the complication rates asso-
ciated with anesthetic and pain management neuraxial
procedures. It is expected to report on its findings in late
2008.

When needed, patients should be given information at
the time of discharge about ongoing pain relief at home,
as well as, in the case of patients who have had epidural
analgesia, the need to report back to the APS should they
develop signs and symptoms that could suggest the
onset of an epidural abscess. An example of a letter given
to patients at the time of discharge is shown in Box 47.1.

NURSING AND MEDICAL STAFF

Ward nurses and medical staff play a key role in ensuring
that analgesia, whether simple or sophisticated, is safely
and effectively managed. It is known that improvements
in the awareness and assessment of pain,48, 94, 101 as well as
improved postoperative pain relief and prescribing prac-
tices can result from staff education and the introduction
of medical and nursing guidelines.48, 101 Education and
accreditation programs are therefore essential.

All medical and nursing personnel should be aware of
the detrimental effects that unrelieved pain can have on
patient well-being and outcome after trauma and surgery
and understand the physiological and psychological
benefits of good pain relief. They should have a good
understanding of the techniques being used, potential
problems including drug interactions, and the recognition
and treatment of complications and side effects. They
should also understand issues arising from the treatment
of pain in cognitively impaired patients and in patients
from different cultures.
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Many APS require some form of certification or
accreditation before nurses can assume responsibility for
a patient using one of the more advanced methods of pain
relief, such as PCA and epidural analgesia. Education and
accreditation programs often consist of verbal and
written information (e.g. lectures or workshops and
booklets), written assessment (e.g. multiple choice ques-
tionnaires), and a practical assessment (e.g. demonstra-
tion of ability to program machines, administer epidural
bolus doses).72, 94 Reaccreditation every one to two years
will help ensure that knowledge and practices are reg-
ularly updated. Formal education programs need to be
supplemented with informal one-on-one bedside teach-
ing in the ward.

Anesthesiologists and trainees involved with the
APS must receive training and be made familiar with
local guidelines. Teaching should be offered to
medical students and doctors in training. It is important
that surgeons and physicians at all grades of seniority
are also offered continuing medical education in acute
pain.

Selection of analgesic regimens

SELECTION OF ANALGESIC TECHNIQUE

The selection of analgesic techniques to be used by an
APS is based on:

� availability of drugs, equipment, and expertise;
� risks and benefits of the drugs and techniques;
� operative procedure and associated risk factors,

particularly size and location of primary incision;
� patient factors, particularly medical comorbidity.

The decision to offer a particular method of analgesia
should be based on current knowledge of the benefits and
limitations of the methods available, patient case mix,
cultural differences, and staffing levels and training. In the
first instance at least, it may be best to introduce
just a small range of standard analgesic techniques, so
that staff become knowledgable about and confident in
their use.

Box 47.1 Example of letter given to patients after epidural analgesia

Postepidural infusion/injection patient instruction leaflet/discharge instructions

Serious complications from epidural analgesia are rare (1 in 10,000). Because the epidural space is close to the
spinal cord a collection of pus, or a blood clot can cause pressure on the spinal cord. In the unlikely event that
there is pressure on the spinal cord, it is crucial to diagnose and treat it as quickly as possible; this must be done
by expert hospital doctors to prevent delays in treatment and long lasting damage. This leaflet tells you what to
look for and what action to take if you think that you have a problem.

Assessment before the removal of epidural catheter

At the end of treatment with your epidural infusion, the team of doctors and nurses caring for you will examine
you to ensure that you don’t have any residual numbness or weakness of legs from the action of the drugs in your
epidural infusion. They will ask to you move your legs and examine you to make sure that the sensation in your
legs is as it was before the operation. It is important to remember that some operations can cause altered
sensation in the legs, therefore any changes experienced may be as a result of the surgery and not the epidural. If
you do have altered sensation when the epidural is removed, the attending team can discuss this with you.

If you experience any of the listed signs and symptoms (see list below) as a new problem, after your epidural
infusion has been stopped as an inpatient ask the nurse in charge of the ward to contact the pain team or on call
anaesthetist immediately.

If you have been discharged, it is important that you contact the on-call anaesthetist at the hospital
immediately. After speaking to the on-call anaesthetist, they will arrange to see you in the Accident and Emergency
department in order to examine you.

Signs and symptoms

� Redness, pus, tenderness, or pain at the epidural wound site;
� Feeling generally unwell, despite the fact that all seems to be well with the surgical wound;
� High temperature, neck stiffness;
� Numbness and or weakness in your legs/inability to weight bear;
� Difficulty passing water/incontinence of faeces.

Reproduced with permission of Wrexham Maelor Hospital, North East Wales NHS Trust. & North East Wales HNS Trust, UK.
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A detailed discussion of analgesic techniques, including
risks and benefits, is outside the scope of this chapter, but
the range of methods that could be used by an APS includes:

� simple multimodal analgesia including paracetamol
(acetaminophen), nonselective NSAIDs and COX-2-
selective inhibitors in selected patients – see Chapter
4, Clinical pharmacology: traditional NSAIDs and
selective COX-2 inhibitors, and Chapter 5, Clinical
pharmacology: paracetamol and compound
analgesics, in the Acute Pain volume of this series;

� optimized intermittent intravenous, intramuscular,
subcutaneous, and oral opioid analgesia – see
Chapter 3, Clinical pharmacology: opioids, in the
Acute Pain volume of this series;

� patient-controlled i.v. opioid analgesia – see Chapter
11, Patient-controlled analgesia, in the Acute Pain
volume of this series, and Chapter 24, Intravenous
and subcutaneous patient-controlled analgesia;

� epidural analgesia, including patient-controlled
epidural analgesia – see Chapter 13, Epidural and
spinal analgesia, in the Acute Pain volume of this
series, and Chapter 26, Epidural analgesia for acute
pain after surgery and during labor, including
patient-controlled epidural analgesia;

� single-dose intrathecal opioid analgesia – see Chapter
13, Epidural and spinal analgesia, in the Acute Pain
volume of this series;

� continuous or intermittent regional blockade (other
than epidural analgesia) – see Chapter 12,
Continuous peripheral neural blockade for acute
pain, in the Acute Pain volume of this series and
Chapter 23, Peripheral nerve blocks: practical aspects;

� premixed nitrous oxide and oxygen (Entonox);
� treatments for neuropathic pain (including ketamine,

antidepressants, anticonvulsants, and membrane
stabilizers) – see Chapter 6, Clinical pharmacology:
other adjuvants, in the Acute Pain volume of this
series, and Chapter 12, Antiepileptics,
antidepressants, and local anesthetic drugs;

� novel analgesic delivery systems, e.g. transdermal,
iontophoretic transdermal, intranasal – see Chapter
10, Routes of administration, in the Acute Pain
volume of this series, and Chapter 25, Alternative
opioid patient-controlled analgesia delivery systems –
transcutaneous, nasal, and others;

� nonpharmacological therapies, such as cognitive-
behavioral approaches, hypnosis, relaxation exercises,
and physical methods, such as transcutaneous electrical
nerve stimulation (TENS), acupuncture, and massage
– see Chapter 14, Transcutaneous electrical nerve
stimulation (TENS) and acupuncture for acute pain;
Chapter 16, Psychological interventions for acute
pediatric pain; Chapter 15, Psychological therapies –
adults, in the Acute Pain volume of this series; Chapter
17, Transcutaneous electrical nerve stimulation; and
Chapter 18, Acupuncture.

While many APS still regard the care of patients receiving
PCA, epidural analgesia including PCEA, single-dose
spinal opioid analgesia, and continuous regional techni-
ques as the bulk of their clinical work, it is inevitable that
the use of more complex therapies in more complex
patients will increase as the concept of a comprehensive,
multidisciplinary inpatient pain service matures.

A number of factors will influence the appropriateness
of a particular method of analgesia relating to the patient
and to the planned surgical procedure. Although analgesic
requirements vary from patient to patient, certain
operative procedures are usually more painful than oth-
ers. Thoracic and upper abdominal wounds tend to
be the most painful. The anticipated severity and duration
of pain will influence the choice of postoperative
analgesia.

Patient factors are also very important and it is
necessary therefore to take a careful history. The patient’s
underlying cardiovascular and respiratory status may
influence the choice of analgesia. Certain analgesics may
be inappropriate because of potential interactions with
concomitant drug therapy or renal, hepatic, or endocrine
disease. It is also important to ascertain the patient’s past
experience and expectations of pain relief and their pre-
operative use of opioids, alcohol, and other drugs, such as
cannabis, cocaine, amphetamines, and benzodiazepines.
Poor understanding or limited motor skills may limit the
use of patient-controlled techniques. While making these
assessments, it is possible to make some informal judg-
ments of the patient’s personality and coping style, which
also help determine the most appropriate method of
analgesia.

SELECTION OF EQUIPMENT AND DRUGS

The APS will require infusion pumps for the provision of
PCA, epidural analgesia, continuous regional blockade,
and the administration of drugs, such as ketamine. If
continuous infusions are to be used, it may also be safer
to use pumps where the rate of infusion can be capped
(i.e. rate-limited), so that inadvertent high infusion rates
cannot be delivered. Pumps used for epidural infusions
and PCEA must have a high pressure tolerance to facil-
itate delivery of a bolus dose through the high resistance
epidural filters and catheter without activation of the high
pressure alarm.

The pumps used for PCA and for PCEA need to be
portable and robust, easy to program, and lockable to
prevent tampering with the program or reservoir. These
lockable pumps may also be used to deliver continuous
infusions of other drugs where diversion of that drug may
be a risk (e.g. ketamine). The patient’s PCA control but-
ton needs to be large enough to be easy to use and
should have a retaining strap for less dexterous patients.
In some circumstances, an alternative to a hand-held
patient demand button may be needed (see Chapter 11,
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Patient-controlled analgesia in the Acute Pain volume of
this series). New developments in PCA technology may
make cumbersome PCA pumps unnecessary for some
patients, being replaced by adhesive iontophoretic PCA
systems using transdermal fentanyl.125, 126

Although individualization of treatment is important,
it is suggested that a limited number of drugs and drug
regimens for pain relief is agreed within the hospital. The
potential for error existing in a system where each anes-
thesiologist prescribes their own recipe for PCA, epidural
analgesia, or single-dose intrathecal opioids is immense.
Increasing evidence about optimal regimens of, for
example, epidural analgesia127 reduces the need for a wide
variety of epidural analgesic combinations. Limiting the
available regimens allows the hospital pharmacy to pro-
vide PCA syringes and infusion bags for epidural
analgesia, allows the ward staff to become familiar with
those techniques and their problems, and facilitates eva-
luation by the APS. Where possible, use of prefilled syr-
inges or other drug reservoirs will minimize the risk of
prescription errors and bacteriological contamination
(see Chapter 26, Epidural analgesia for acute pain after
surgery and during labor, including patient-controlled
epidural analgesia).

Standardization of protocols and guidelines

Standard orders and guidelines are commonly used for
the more advanced methods of pain relief such as PCA
and epidural analgesia (see Chapter 11, Patient-controlled
analgesia and Chapter 13, Epidural and spinal analgesia,
in the Acute Pain volume of this series). However, stan-
dardization may also help to make traditional methods of
pain relief, such as intermittent i.v. or i.m. opioid
analgesia, safer and more effective.48, 101, 124

Consideration should therefore be given to standar-
dizing a number of aspects of all acute pain management
regimens, regardless of drug or technique used and
regardless of whether the analgesia is considered simple or
advanced.72 These include:

� prescribing and documentation, for example:
– drugs used (analgesic and nonanalgesic, e.g. for

the treatment of nausea and vomiting);
– drug doses and drug concentrations;
– the use (if any) of concurrent anticoagulant and

antiplatelet drugs and the timing of removal of
epidural catheters in patients receiving such drugs;

– nondrug treatment (e.g. supplemental oxygen).
� assessment of pain and the response to inadequate

analgesia;
� monitoring for adverse effects and the response to

and treatment of side effects.

As with all guidelines, the aim is to try and improve
the quality of clinical decision-making and eliminate

inappropriate/reduce unnecessary variations in clinical
practice, not to dictate practice.

STANDARDIZED PRESCRIBING AND DOCUMENTATION

If the drugs and analgesic techniques can be agreed
upon, charts can be preprinted with the standard regi-
men (some centers may use adhesive labels with pre-
printed drug concentrations), thus avoiding transcription
errors. Similarly, guidance on alterations of doses, pro-
hibition of other opioids or sedatives, use of supple-
mental oxygen, monitoring requirements, management
of inadequate analgesia, recognition and treatment of
side effects, and who to call if there are problems, can all
be included in standardized orders. Examples of pre-
printed PCA and epidural analgesia standardized orders,
which incorporate a bedside flow chart, are shown in
Figures 47.1 and 47.2.

Standardized prescribing guidelines should not be
limited to techniques such as PCA and epidural analgesia.
An APS can help devise evidence-based guidelines for all
analgesic regimens, advanced or simple, used for acute
pain management.72 See examples of APS-initiated
guidelines for intermittent subcutaneous and oral opioid
in Figures 47.3 and 47.4.

STANDARDIZED ASSESSMENT OF PAIN

The International Association for the Study of Pain
defines pain as, ‘‘an unpleasant sensory and emotional
experience associated with actual or potential tissue
damage or described in terms of such damage.’’128 In
other words, pain is a subjective, highly individual
experience. Therefore, whenever possible, its assessment
should be by the person experiencing the pain.

Correlations between observer and patient assessment
of pain are usually low or moderate, even using specifi-
cally trained nursing staff with rationally derived rating
scales.129 Nurses consistently and significantly rate
patients’ pain lower than do the patients themselves.130

However, patients think that nurses do know how much
pain they are experiencing and this further impedes
communication and treatment.

The assessment of pain (as the fifth vital sign) is
therefore an essential component of acute pain manage-
ment and should be a routine part of clinical practice,
incorporated into standard nursing assessments and
recorded in conjunction with assessments of respiration,
blood pressure, pulse, and temperature measurements.

In the acute pain setting, unidimensional measures of
pain intensity are most commonly used, such as the Visual
Analog Scale, Verbal Numerical Rating Scale, and Cate-
gorical Rating Scale (using words to describe the pain).
Each of these methods is reasonably reliable as long as any
end points and adjectives employed are carefully selected
and standardized. While often used to compare levels of
pain between patients, these methods of scoring pain are
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probably of most use as measures of change in the level of
pain within each patient and the effectiveness of treatment
of that pain. The use of pain scores and other methods of
acute pain assessment are outlined in Chapter 2, Practical
methods for pain intensity measurements and Chapter 8,
Assessment, measurement, and history, in the Acute Pain
volume of this series.

It can be very difficult to get a meaningful and totally
subjective assessment of pain if the patient is acutely ill,
disorientated, is cognitively impaired, or if there are
language barriers to communication. Other methods of
pain assessment will then be needed (see Chapter 8,
Assessment, measurement, and history, in the Acute Pain
volume of this series).

Whatever scale is used, it is important to assess pain
intensity on movement as well as at rest, thus assessing
dynamic analgesia. Assessing pain only at rest can easily
give a false impression of comfort. It is important that
patients are able to deep breathe and cough in the early
postoperative period, to mobilize when required, and to
participate in other rehabilitation activities. Pain relief
can only be counted as fully effective if it allows the
patient to perform these activities; if they cannot, then
recovery will be impaired. Therefore an assessment of the
functional impact of pain is useful.

One way of assessing and documenting this has been
suggested – the Functional Activity Scale (FAS).131 The
possible scores are A, B, or C and the activity assessed is
determined on an individual patient basis – for example,
coughing may be an appropriate target after upper
abdominal surgery, but joint mobility and ability to
comply with physiotherapy an appropriate target after
knee or hip replacement surgery.

Using this simple categorical score:

A = no limitation (there is no limitation of activity due
to pain);

B =mild limitation (the patient is able to undertake the
activity, but experiences moderate to severe pain);

C = significant limitation (the patient is unable to
complete the activity due to pain).

It is also important to ensure that there is an adequate and
timely response to inadequate analgesia or functional
impairment. If patients are to gain maximum benefit from
any techniques, then attention to detail is paramount as is
the 24-hour availability of staff (medical and nursing), so
that inadequate pain relief can be managed quickly.

STANDARDIZED MONITORING

Patients with acute pain must be assessed at frequent
intervals in order to optimize analgesia and detect or
manage side effects or complications at an early stage.
Therefore, as well as regular assessments of pain, patients
should also be observed for the onset of side effects

and complications related to the analgesic technique
in use.

Such assessments need to be done using clearly
described and standardized criteria and tools. However,
there will be little benefit from this unless these assess-
ments are coupled with clearly defined trigger levels for
intervention, and strategies need to be in place to
manage deviation from expected values. Therefore,
requirements for monitoring and documentation should
be accompanied by guidelines for the recognition
and treatment of adverse effects and complications. As
well as orders for the treatment of common side effects,
such as nausea and vomiting, itching and hypotension,
there should be very clear guidelines that enable early
recognition and treatment of respiratory depression and
early recognition and notification of motor and sensory
deficit or increasing back pain associated with epidural
analgesia.

Respiratory depression

Fear of respiratory depression has limited the rational use
of opioid analgesia by any route for many years. However,
the incidence of respiratory depression after PCA and
epidural analgesia is no higher than that seen with
conventional as-needed intramuscular analgesia.35

There remains significant confusion about the best
method of monitoring for respiratory depression. Mea-
surement of arterial pCO2 levels is the most sensitive and
accurate, but not possible in most patients, particularly
on a regular basis. Therefore, reliance must be placed on
clinical measures.

It is well known that respiratory rate is an unreliable
guide to respiratory depression and hypoxemia;35, 132

indeed, respiratory depression can coexist with a normal
respiratory rate,72 but that increasing sedation almost
inevitably precedes significant respiratory depression. The
patient’s level of sedation should therefore be assessed on
a regular basis. One common sedation scoring system
used is that in Table 47.1. Note that it indicates that
patients should be roused to assess their level of sedation.
If this is not done, the early onset of respiratory depres-
sion can be missed, sometimes with fatal results.133 If a
sedation score of 2 or more is reported, a reduction in

Table 47.1 Sedation scores.

Score Description

0 Wide awake

1 Easy to rousea

2 Constantly drowsy, easy to rouse but unable to stay

awake (e.g. falls asleep during conversation); early

respiratory depression

3 Severe; somnolent, difficult to rouse; severe respiratory

depression

aSome centers also add a ‘‘1S,’’ which indicates asleep, but easy to rouse.
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opioid dose is mandated, regardless of the patient’s pain
score.72 If the patient is uncomfortable, alternative and
less sedating forms of pain relief need to be added to the
analgesic regimen.

The importance of increasing sedation as a clinical
sign of early respiratory depression was highlighted by
Vila et al.134 In an attempt to improve pain relief in a
cancer setting they introduced a numerical pain treatment

Figure 47.1 Example of preprinted (a) standard orders (continued over). Reproduced with permission of the Royal Adelaide Hospital,

South Australia.
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algorithm in which opioids were given to patients in
order to achieve satisfactory pain scores. A review of this
intervention showed a two-fold increase in the risk of
respiratory depression. Importantly, the authors noted
that respiratory depression was usually not accompanied
by a decrease in respiratory rate. Of the 29 patients
who developed respiratory depression (either before or
after the introduction of the algorithm), only three
had a respiratory rates of o12 breaths per minute, but
27 had a decrease in their level of consciousness. As well
as confirming that increasing sedation is a more reliable
way of detecting opioid-induced respiratory depression,
this study highlighted the risk of titrating opioid (or
other pharmacological therapies) solely to achieve a
desirable pain score without appropriate patient
monitoring.

Oxygen saturation (as measured by pulse oximetry) is
often used as an easy and noninvasive measure of blood
oxygen levels. However, care must be taken in the inter-
pretation of any readings. If the patient is receiving
supplemental oxygen, the added oxygen may mask

deterioration in respiratory function (i.e. ‘‘normal’’
oxygen saturation levels may still be seen).

Hypotension

The reported incidence of hypotension associated with
epidural analgesia varies widely135 and depends on the
dose of local anesthetic used and the criteria used to
define hypotension. It can be minimized if appropriate
dose regimens are used.72, 124

However, patients may become hypotensive in the
hours following major surgery for many reasons. Unfor-
tunately, if the patient is receiving epidural analgesia, the
first response of the ward staff may be discontinuation of
the epidural infusion, when the underlying cause is
usually hypovolemia.136 As a result, inadequate analgesia
may be added to the patient’s existing problems. In order
to prevent this happening, a program of education should
be introduced to all staff to help them differentiate
between common causes of hypotension – for example,
bleeding and relative hypovolemia in the presence of an
epidural block.

Figure 47.1 (b) Example of preprinted flow sheet for patient-controlled analgesia (continued).
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Recent studies have suggested a benefit from moderate
fluid restriction during and after some major surgical
procedures.137, 138, 139 After colorectal surgery, Brandstrup
et al.138 found that a restricted regimen aimed at

maintaining perioperative body weight resulted in sig-
nificant decreases in cardiorespiratory and tissue healing
complications. Similarly, Holte et al.139 reported an
improvement in pulmonary function – although it was

Figure 47.2 Example of preprinted (a) standard orders (continued over). Reproduced with permission of the Royal Adelaide Hospital,

South Australia.
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only transient (differences in forced vital capacity (FVC)
and forced expiratory volume (FEV) were significant at
six hours after surgery only); there was an increase in the
concentrations of cardiovascularly active stress response
hormones (renin, aldosterone, and angiotensin) and no
differences in the rate of overall recovery.

Adherence to restrictive regimens could further
complicate the provision of epidural analgesia and may
increase the need for vasoconstrictor use, which may not
always be to the patient’s benefit. The perioperative
period is extremely complex and the studies regarding
fluid restriction to date seldom make allowance for
conflicting issues such as the quality of analgesia, which
might also influence outcome; thus the case for such
regimens is not yet proven.140 That said, Holte et al.139

expressed some concern about the trend to more ana-
stomosis leakages in the patients on restrictive regimens,
so their suggestion that individualized goal-directed fluid
administration strategies (which could take into account
the use of epidural analgesia) may be the sensible way
forward.

Motor and sensory blockade and block height

A major concern about the use of epidural analgesia is the
risk of spinal cord compression and paraplegia from an
epidural hematoma or abscess. Although the risk is low
(see above under Organization of acute pain services),
early detection is the key to avoiding permanent neuro-
logical loss. Early diagnosis and, if indicated, immediate
surgical decompression, will increase the likelihood of
good neurological recovery.141 Ideally, this will occur
within eight hours of the onset of neurological symptoms,
but even then the degree of residual damage is determined
by the degree of compression and a complete recovery is
not assured.

It is therefore important to use epidural regimens
(drug doses and infusion rates) that minimize (ideally
avoid) motor and sensory deficit (see Chapter 26, Epi-
dural analgesia for acute pain after surgery and during
labor, including patient-controlled epidural analgesia). As
well as maximizing the chance of the development of an
abscess or hematoma being diagnosed at an early stage, it

Figure 47.2 (b) Example of preprinted flow sheet for patient-controlled analgesia (continued).
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will also help maximize the patient’s ability to move and
walk (both proprioception and muscle strength will be
preserved) and reduce the risk of hypotension. Note that a
patient with an epidural abscess may not be febrile.35

Also importantly, patients must be reminded (and
ideally given written information prior to discharge – see
example in Box 47.1) that they should contact the APS
urgently should they develop increasing (new) back pain
or motor or sensory loss after they have left hospital.
Signs and symptoms of epidural abscesses may not
develop until some time after discharge.122

Neurological deterioration in any patient with, or
having recently had, an epidural catheter in place should
prompt urgent radiological investigation to exclude
treatable cord compression. If a patient with epidural
analgesia develops motor or significant sensory block of
one or both limbs, it is important to exclude the presence
of epidural hematoma or abscess, or inadvertent sub-
arachnoid infusion, by switching off the infusion and
reassessing the patient regularly over the next one to three

hours for signs of resolution of the blockade. Failure of
the block to resolve should prompt early investigation by
magnetic resonance (MR) (preferably) or computed
tomography (CT) scan.

It is therefore essential that sensory and motor func-
tion should be tested informally (by inquiring if the
patient has any numbness and asking them to flex their
hip: movement at ankle or toes only is not sufficient72 or
formally (using a recognized scale such as that suggested
by Bromage142) on a regular basis. Testing should be
performed both during the time of epidural analgesia and
for a period after removal of the epidural catheter. One
should be aware that epidural hematoma and abscess may
occur subsequent to the removal of the catheter or even
several days later.

Regular monitoring of the level of block during epidural
analgesia has been common practice in many hospitals with
a block level above T4 mandating reductions in epidural
infusion rates. However, in modern practice with epidural
catheters sited at the upper dermatome for abdominal and

Figure 47.3 Example of guidelines for

intermittent subcutaneous opioids

administration (continued over). Reproduced

with permission of the Royal Adelaide

Hospital, South Australia.
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thoracic surgery, block levels above T4 are common and
should not be cause for concern in the absence of motor
loss or significant hypotension or bradycardia. Experience
in cardiac surgery, with blocks routinely sited at T4, have
demonstrated that respiratory function is maintained even
in the presence of demonstrable loss of power and par-
esthesia in the upper limbs leading to monitoring systems
based on arm power in different myotomes.143 This should
not be necessary in noncardiac surgery, but suggests that
monitoring for arm symptoms is adequate in everyday
practice, rather than assessing the formal level of block
which becomes increasingly unreliable the weaker the local
anesthetic used. In some centers, routine observations of
bilateral upper and lower sensory level for cold (ice-cube in
a glove) is done by nurses on the ward, in order to assist in
the earlier detection of a dislodged epidural catheter (see
Chapter 26, Epidural analgesia for acute pain after surgery
and during labor, including patient-controlled epidural
analgesia).124

Back pain

Patients should also be asked if they have any back pain as
increasing (and new) back pain may be the first sign of an
epidural hematoma or abscess following epidural
analgesia.35

Audit and quality improvement

The delivery of an APS is a high-volume activity and
patient safety is paramount. Errors occur and may have
serious implications, but understanding the causes of
errors are an important way of preventing repeat occur-
rences. Critical analysis of errors can be used to initiate
changes in patient care, equipment, and organization of
the APS.144 Efforts to improve pain management there-
fore involve much more than just improving pain
assessment and documentation, and an APS should
include the use of evidence-based treatment regimens,

Figure 47.3 Example of guidelines for

intermittent subcutaneous opioids

administration. Reproduced with permission of

the Royal Adelaide Hospital, South Australia

(continued).
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pain management quality improvement (QI) measures,
and increased patient involvement.145

Traditionally, three aspects of an APS can be audited:

1. Outcome – patient satisfaction, analgesic efficacy,
side effects (e.g. emesis, pruritus), critical
incidents, length of hospital stay, complications,
mobilization, bowel and bladder function;

2. Structure – staff, equipment;
3. Process – patients (e.g. number, origin, age,

surgical procedure), techniques (e.g. type,
duration, drug, failure rate), service (e.g. response
times, missed follow up), documentation (e.g.
pain, side effects).

Recommended quality indicators and suggested measures
for acute pain management have been published by the
American Pain Society145 and the Royal College of
Anaesthetists.146

The key to effective QI is the cycle whereby audit
information is collected, analyzed, and reviewed;
changes are then agreed and standards set; the changes are
implemented; and after a period of time the cycle
repeated. Institutional barriers to this labor-intensive QI
approach must be addressed in order for this process to be
effective. Such barriers include lack of administrative
support and resources for data collection, analysis, and
review of changes needed; a reliance on written informa-
tion rather than face-to-face information and education
sessions with staff in order to facilitate implementation of
change; and resistance to change (see Chapter 48, Acute
pain services and organizational change).145 Gordon
et al.145 also highlight the critical role of physician leader-
ship in QI programs and change, rather than just physician
involvement, and that an interdisciplinary team
approach is essential to change as an individual person or
discipline acting alone often fails to achieve the desired
outcomes.

Figure 47.4 Example of guidelines for

intermittent oral oxycodone (continued over).

Reproduced with permission of the Royal

Adelaide Hospital, South Australia.
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Regular audit of the activity and outcomes of an APS
will allow appropriate review and adjustment of manage-
ment protocols and continuing staff education. However,
this requires a reliable method of data collection.

In recent years, the use of personal digital assistants
(PDA) on APS rounds has become increasingly com-
mon.147, 148, 149, 150 Chan et al.148 compared a PDA-based
data management system with their previous paper system,
looking at factors such as ease of use, the time taken to
conduct the APS round, and the amount of paper saved.
While they found no difference in user satisfaction, there
was a significant saving in paper and man-hours with the
PDA system. Lee et al.147 also reported that a PDA system
resulted in much faster data management.

It is very difficult to maintain interest in reporting and
to achieve any degree of completeness over long periods
of time. Reporting procedures need to be available, sim-
ple, confidential, involve feedback, and result in effective

changes. An enthusiastic and vigilant coordinator is
essential.

Communication and collaboration

Within each institution there must be clearly defined lines
of communication and accountability for acute pain
management.145 Communication between the acute pain
team and the varied departments accommodating
patients is vitally important and can be facilitated by the
designation of nurse unit teachers or link nurses. These
can be involved in regular meetings with the APS and be
responsible for the two-way dissemination of information
between the APS and their clinical areas. The members of
the APS team should also meet regularly to review pro-
blems and progress and to revise management strategies
as needed. Surgeons and physicians responsible for other

Figure 47.4 Example of guidelines for

intermittent oral oxycodone. Reproduced with

permission of the Royal Adelaide Hospital,

South Australia (continued).
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clinical areas and administrative, medical, and nursing
managers need to be kept abreast of the APS develop-
ments through meetings and reports.

In addition, and in view of the complexity (medical
comorbidities and/or pain issues) of patients often seen by an
APS and the likelihood of shared care of a patient, members
of the APS team will need to communicate and collaborate
with members of other medical and nursing services. This
may include, but is not limited to, chronic pain clinics,
palliative care services, and drug and alcoholic services.

Arrangements for cover out of normal hours should be
detailed in the APS documentation and all staff made
aware of these. Different disciplines may be responsible
for different aspects of the service and lines of commu-
nication and continuity of care need to be clearly deli-
neated. This is also true for the relationship with and
responsibility for any chronic pain inpatients and for
other shared patients. Therapy commenced during the
inpatient phase of treatment is often aimed at dealing
with the immediate problem to facilitate discharge;
mechanisms to ensure appropriate follow up of these
patients is essential.

CONCLUSIONS

Acute pain services are essential to the organization of
care for patients who have acute pain following surgery,
trauma, or medical conditions. Their introduction has led
to improved pain relief as a result of a multidisciplinary
approach to education, training, and assessment and the
safe introduction of more effective methods of analgesia.

The role of an APS has changed significantly since the
first APS was implemented. APS teams now commonly
manage more complex pain problems and acute pain in
increasingly more complex patients. APS can also play a
significant role in admission planning by taking an active
part in preoperative assessment – not just in terms of
patient education and explanations about acute pain
management, but also in identifying those patients who
have high predictors for the risk of developing persistent
postsurgical pain or with more complex comorbidities
such as opioid tolerance, substance abuse disorders, or
chronic pain.

Although the early emphasis on acute pain manage-
ment alone was essential, experience over the last 20 years
has resulted in an increased awareness of two features of
treating this particular (acute pain) patient population
that would be improved by integration with other
clinicians and other clinical services.

The first is that treatment of pain per se will not
necessarily improve surgical outcome and that analgesia
should not be considered in isolation but as a component
of a multimodal clinical pathways approach to peri-
operative care to facilitate rehabilitation and recovery.2

Second, separation of APS teams from existing CPS
may result in a simplistic approach to pain relief,

emphasizing the treatment of the nociceptive element of
postoperative pain. This may result in the underdiagnosis
and undertreatment of neuropathic pain occurring in the
early postinjury period, with the subsequent development
of chronic pain states and referral to CPS. In addition, this
artificial distinction between the two types of services may
lead to suboptimal management of patients presenting at
the interface of acute and chronic pain management.

One possibility in the future is that pain services are
defined as inpatient and outpatient, rather than APS and
CPS to ensure appropriate resources for both arms of the
service whilst recognizing that pain has few, if any, artificial
boundaries and that a comprehensive approach to pain is
required in both circumstances. Whatever nomenclature is
used, services must be structured to allow flow between
inpatient and outpatient services and the training of
medical and nursing staff must reflect the wider range of
skills and knowledge required by inpatient clinicians
beyond the traditional need to manage only acute pain.

In addition to the need to ensure the development of a
comprehensive integrated pain service, one must not
forget the needs of perioperative patients and the need to
integrate pain management strategies with other over-
lapping issues, such as postoperative nausea and vomit-
ing, thromboprophylaxis, fluid and electrolyte
management, control of blood pressure, sepsis, and
hypoxemia and other respiratory complications. The
importance of the expertise gained by the members of
APS and their role in perioperative medicine, as part of a
fast-track team, and in the development of critical care
outreach teams is to be encouraged.
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KEY LEARNING POINTS

� Despite many reports and recommendations, acute pain

services have struggled to embed lasting changes in

routine postoperative pain management.
� The challenges that acute pain services face stem from

three inter-related aspects of organizational change: the

content, context, and process of change.

� Improving postoperative pain management will require

difficult and controversial changes in attitudes, beliefs,

and local practices.

INTRODUCTION

Recognition that postoperative pain management was
inadequate in many hospitals in the UK National Health
Service (NHS) led to the development of acute pain ser-
vices (APSs) in the 1990s, with successive reports over the
decade endorsing and developing the early recommen-
dations.1 Similar developments were also occurring out-
side the UK.2, 3, 4, 5 However, despite the hard work of
many committed individuals, successive studies1, 6, 7, 8, 9

show that services have struggled to secure funding and
recognition, and are sometimes unable to embed changes
in postoperative pain management practice across their
hospitals. This chapter is rooted in the experience of
implementing acute pain services in the UK, but many of
the problems described here are reflected in the experi-
ence of APSs in other countries.10, 11

The chapter examines why implementing acute pain
services in the NHS has been so difficult and suggests

areas that need to be addressed in order to make further
progress. It draws on research on NHS acute pain services
and on broader research on organizational change in
health care and other settings. The chapter will not deal
with the mechanics of setting up and running an acute
pain service as these issues have been comprehensively
covered elsewhere5, 12, 13 (see Chapter 51, Where does
pain fit within healthcare delivery systems and organiza-
tions? and Chapter 47, Organization and role of acute
pain services, and Chapter 17, Postoperative pain man-
agement following day surgery in the Acute Pain volume
of this series). Instead, it will shed light on some of the
underlying organizational factors that have undermined
efforts to implement acute pain services and improve
postoperative pain management.

The chapter will be structured in four parts. First we
will briefly review the policy background to acute
pain services in the UK NHS. We will then look at
what studies of pain services show about the problems



experienced in trying to implement these policies. The
third part of the chapter considers APS implementation
as an example of organizational change and uses insights
from the organizational change literature to explore
why implementation has been so challenging. Finally, we
suggest areas that will need to be addressed in order to
make further progress. While these conclusions will be
rooted in a detailed examination of NHS services, it is
our contention that the lessons drawn have wider
applicability.

THE POLICY BACKGROUND TO NHS ACUTE
PAIN SERVICES

Published evidence of under-treatment of postoperative
pain goes back at least as far as the 1950s14 but the pro-
blem was not formally acknowledged in the NHS until the
publication in September 1990 of the Report of the
Working Party on Pain after Surgery.15 Commonly referred
to as Pain after Surgery, the report is widely acknowledged
as having provided the impetus for the development of
acute pain services in the NHS.16 Pain after Surgery lacked
much detail on how the new acute pain services should be
implemented but the report nevertheless formally made
the explicit recommendation that ‘‘This service should be
introduced in all major hospitals performing surgery in
the UK’’.15 This recommendation was then further
endorsed by a series of documents published in the NHS
in the following decade by a range of bodies, including
government departments and professional organizations
(Table 48.1).

Although these UK policy documents varied in the
amount of detail they had, and there were few specific
details about the practicalities of service provision (e.g.
the number of nursing staff required per patient group),
there was nevertheless a set of broad expectations about
what acute pain services were intended to do in key

areas.17 For example, the acute pain service was to ensure
that the following were in place: a hospital-wide strategy
for acute pain management that would benefit all surgical
patients; a standardized approach to the routine assess-
ment of postoperative pain throughout the organization;
appropriate written and verbal information for patients;
and arrangements in place to ensure continuity of pain
control after discharge.

Despite the flurry of reports in the decade following
Pain after Surgery, implementing acute pain services was
far from complete by 2000. The most striking change was
in the number of hospitals with an acute pain service.
When Pain after Surgery was published in 1990, only
around 3 percent of NHS hospitals had an acute pain
service.18 By 1994, around 43 percent of hospitals had
some form of acute pain service,6, 18 and by 1997 there
was an acute pain service in the overwhelming majority of
trusts (88 percent).8 However, although many hospitals
had responded to the headline recommendation and set
up an acute pain service (in name at least), these services
were often struggling to implement the spirit and the
letter of the more detailed practice changes around
postoperative pain management.

IMPLEMENTATION PROBLEMS IN ACUTE PAIN
SERVICES

Acute pain services typically faced problems in four
related areas:

1. securing funding and recognition;
2. changing the attitudes of health professionals and

managers towards pain management;
3. encouraging effective working between health

professionals;
4. providing training to enable health professionals

to deliver high quality pain management.

Table 48.1 Main UK reports making recommendations on acute pain services and postoperative pain management published between Pain
after Surgery (1990) and 2000.

Published UK reports making recommendations on acute pain services and postoperative pain management

1992 Protocol for Investment in Health Gain; Pain, Discomfort and Palliative

Care

NHS Directorate, Welsh Office, Welsh Health

Planning Forum

1994 Guidance for Purchasers on Pain Management Services Royal College of Anaesthetists

1996 The Provision of Services for Acute Postoperative Pain in Scotland Scottish Office, Department of Health

1997 Provision of Pain Services Association of Anaesthetists/Pain Society

1997 Anaesthesia under Examination Audit Commission

1997 A Guide to Pain Management NHS Wales

1998 The Anaesthesia Team Association of Anaesthetists

1999 Guidelines for the Provision of Anaesthetic Services – Guidance on

Pain Management Services (update of 1994 document)

Royal College of Anaesthetists

2000 Services for Patients with Pain Clinical Standards Advisory Group
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These problems led to important gaps in services (Box
48.1): many acute pain services could only focus on the
care of patients who were using specialized forms of
analgesia; routine pain assessment was patchy; and
there were problems providing cover out of hours and
at weekends. Data from the most recent UK survey31

show the extent to which these problems are ongoing
(Box 48.2).

This faltering implementation of acute pain services
took place against a background of much debate about
the role, structure, and remit of such services. In the
discussion sections of empirical papers, in editorials, in
discussion pieces, and in the correspondence pages of
professional journals, acute pain clinicians wrestled with
such issues as the role of the acute pain service and the
key components of the service;18, 32, 33 the future devel-
opment of acute pain services and their relationship with
other acute services;34, 35, 36, 37, 38, 39, 40 and whether acute
pain services should exist as discrete services or whether
pain management should be delivered through integrated
pain services covering all types of pain.41, 42 It is possible
therefore that implementation was impeded at least in
part by the lack of clarity and consensus about these
issues, which created uncertainty and provided a ‘‘loop-
hole’’ for funders and professionals who did not want to

Box 48.1 Introducing acute pain services
to the UK: key problems

� Difficulties making documented pain assessment
a routine part of care for all postoperative
patients.

� Problems providing a service out of hours and at
weekends.

� Difficulties in providing a service for all
postoperative patients and not just patients
using specialized forms of analgesia (e.g. PCA/
epidural).

� Low level of formal involvement of other health
professionals (e.g. pharmacists, physiotherapists).

� Low levels of robust local audit; lack of national
standards against which local services could be
developed and audited.

� Education programs hampered by service
workloads and high turnover of some staff (e.g.
junior doctors).

� Problems developing high quality guidelines and
protocols.

� Lack of information for patients.
� Limited attention to arrangements for control of

pain after discharge home.

Derived from Refs 6, 7, 8, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29, 30.

Box 48.2 Improvements needed in
postoperative pain management:
main results from a UK survey31

Data were received on 325 hospitals out of 403
contacted (81 percent): 270 hospitals had an Acute
Pain Service (83 percent); 55 did not (17 percent). The
data below are from the 270 hospitals with an APS.

Availability of the pain service

� The majority of acute pain services (84 percent)
were only available in full during daytime hours
Monday to Friday.

� In the majority of hospitals (61 percent), the
only provision for pain services out of hours was
the on-call anesthetist.

Pain scoring

� Less than two-thirds of hospitals carried out
pain scoring with all surgical inpatients.

� Less than two-thirds of hospitals carried out
pain scoring as often as recommended (i.e. with
other observations or more frequently).

� Only one in six hospitals continued pain scoring
until discharge home.

� Pain scoring was no more established in day
surgery units: one in six DSUs carried out no pain
scoring at all; less than half carried out pain
scoring as often as recommended, and only a
third continued pain scoring until discharge home.

Management of postoperative nausea and
vomiting

� Only half of hospitals had a protocol/established
practice for postoperative nausea and vomiting
(PONV) management for all patients.

� In a quarter of hospitals, PONV management
was left to the individual doctor.

Pain control after discharge

� One in three hospitals provided day surgery
patients with less than three days supply of
analgesics.

� Only a third of hospitals advised day case
patients about over the counter (OTC)
analgesics; less than a quarter advised
inpatients about them.

� Less than half of hospitals gave day case
patients written information on pain control; less
than a third of hospitals did so for inpatients.
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introduce the full APS model or who wanted to delay
implementation pending further developments.

Despite the many areas of contention, there was some
agreement. In particular, it was agreed that improving
postoperative pain management was not necessarily a
question of developing new treatments and delivery
techniques.31 Many clinicians thought that improvements
could be made through organizational approaches to
make the best use of existing techniques and expertise.31

Taking this perspective and looking at improving
postoperative pain management as an organizational
problem, we are able to draw on the substantial organi-
zational literature. This literature contains many insights
into how organizations function, but is not always well
known or applied in health care. The next section uses
insights from part of this literature to explore APS
implementation problems further.

APS IMPLEMENTATION: INSIGHTS FROM THE
ORGANIZATIONAL CHANGE LITERATURE

Putting an innovation such as acute pain services into the
NHS is an example of a generic challenge faced by all
organizations, that of organizational change. The orga-
nizational change literature is vast and spread across a
range of organizational disciplines: the literature covers
behavioral, structural, and cultural approaches that each
have their own disciplinary roots and change focus.43, 44

In order to structure this part of the chapter, we will use
one influential framework which has been used by a range
of authors in looking at aspects of organizational change
in health care and in other settings.45, 46

The processual-contextual perspective or content,
context, and process (CCP) framework emphasizes the
interplay of three overlapping key aspects: the nature of
the change, the context in which it occurs and the process
by which change unfolds47 (Box 48.3). We will consider
the implementation difficulties of acute pain services
under these three headings of content, context, and
process.

Content issues

The content part of the content, context, and process
framework considers the nature and objectives of the
proposed change.

Looking at APS implementation, it is clear that one of
the reasons why acute pain services struggled was that the
nature and objectives of the changes were problematic.
This was not only because of the practice changes that
they entailed (on which individual health professionals
had differing views), but also because the scope of the
changes and the implementation mechanisms were not
well defined. As we have shown, services struggled with
such fundamental issues as the size and structure of an

acute pain service, the role of the specialist nurse, and the
relationship between the service and related services (e.g.
critical care outreach).

There is now a substantial body of research (see for
example Greenhalgh et al.49) that provides evidence that
certain attributes of an innovation like a new technology
or a new way of delivering services make it more likely
that the innovation will be successfully adopted. Key
attributes are listed in Box 48.4.

The APS recommendations lacked many of these
attributes. In particular, they lacked what many com-
mentators suggest is the key requirement for successful
organizational change, that of ‘‘relative advantage.’’ Rela-
tive advantage means that all key players accept that the
changes have clear unambiguous advantage (in terms of
effectiveness or cost-effectiveness) over the status quo.
The advantages of improving postoperative pain man-
agement were not accepted by all key players: as studies of
acute pain services clearly show, many policy-makers and
managers appeared to be indifferent to the role that good
postoperative pain management might play in improving

Box 48.3 The content, context, and
process framework

The CCP framework is one way of illustrating
important dimensions of organizational change. The
terms can be broadly defined as follows:

� Content – This refers to the nature (e.g. radical
or incremental) and objectives (e.g. to introduce
new technology for a particular procedure or to
change professional roles) of the organizational
change.

� Context: outer – This refers to the national
economic, political, and social context in which
the organizational change is taking place and
includes policies and events at national and
regional level (e.g. devolution, initiatives to
manage health service performance).

� Context: inner – This refers to the ongoing
strategy, structure, culture, management, and
political processes at local level (e.g. in the
health care organization).

� Process – This refers to the actions, reactions,
and interactions of the interested parties as
they negotiate around the proposals for
organizational change.

These dimensions are not separate or fixed: they
overlap and interact with each other and they
change over time (e.g. as local debates lead to
modifications to initial service plans). Source:
adapted from Pettigrew et al.48
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postoperative outcomes, and even many clinicians seemed
unconvinced.17 Acute pain services struggled to persuade
their colleagues about the benefits of good postoperative
pain management per se and about the need to improve
local services (see for example Mackrodt25).

Not only did the APS recommendations lack relative
advantage, they also lacked other important attributes.
For example, they did not have the attribute of ‘‘trial-
ability,’’ the potential to try them out on an experimental
basis before full adoption.49, 50, 51, 52, 53 Partial imple-
mentation was difficult because of the multiplicity of
departments and professionals involved, and because
success was largely dependent on such coordinated
working. For example, although methods of pain assess-
ment could be trialled on one ward, the effectiveness of
this would be compromised if patients returned from
theater without pain scores or with pain scores obtained
under a different scoring system (e.g. 0 to 3 rather than 1
to 10).

Planned dissemination programs need to include rig-
orous evaluation and monitoring against defined goals
and milestones.51, 54, 55, 56 This was absent in the case of
the APS recommendations: there was no national dis-
semination program or evaluation and although attempts
have been made to agree a national data set,57 there
remains as yet no national audit program on acute pain
management. In contrast, other service areas such as
cancer surgery did have such defined goals.

The APS changes therefore lacked many of the desir-
able attributes. Furthermore, even the desirable attribute
that they did have appeared to work against them. The
APS changes did have the positive attribute of ‘‘re-
invention’’ (i.e. the innovation can be adapted to suit local
needs).49, 50, 51 Certainly, the APS proposals were open to
local adaptation. Several of the policy documents and

commentaries placed emphasis on the extent to which the
recommendations could be modified and implemented
according to local circumstances, and indeed one such
commentary published a few years after Pain after Surgery
specifically recommended the ‘‘low cost’’ APS model as an
alternative to the full-scale model.58 However, this very
flexibility and adaptability in the absence of defined goals
or even broad specifications meant that it was difficult to
put a case to managers or commissioners for adequate
resources to introduce or develop an acute pain service.
The very adaptability of the APS recommendations to
local circumstances appears to have led, in some hospitals,
to an initial ‘‘lowest common denominator’’ approach
from which it was difficult to recover later in the decade
when national targets (focused on other service areas than
pain) began to dominate hospital agendas.

Thus by the late 1990s, the majority of hospitals pro-
viding surgery could claim to have adopted the proposals
in that, in name at least, they did have an acute pain
service. However, this implementation of the ‘‘headline’’
recommendation concealed significant variations in the
extent to which hospitals had been able to implement the
detailed recommendations aimed at improving post-
operative pain management.1, 7, 8, 9

In summary, the APS recommendations therefore
lacked a range of important attributes that are conducive
to innovation uptake. However, there are also other
considerations. The organizational change literature
emphasizes that it is not simply the attributes of the
innovation that matter. It is the innovation–context
interaction that determines whether and how an inno-
vation will be taken up59, 60, 61 and so the characteristics of
the adopting organization are also critical. We will now
consider some of the context issues that undermined APS
implementation.

Context issues

‘‘Context’’ in the content, context, and process framework
refers to the national and local political, economic, and
social contexts and encompasses specific local events (e.g.
a merger affecting particular hospitals) and broader social
processes (e.g. trends towards greater centralization in
government).

In organizational change terms, the APS changes had
two major difficulties in relation to context: firstly they
were being introduced into the NHS, which is recognized
(in common with other health services) to be a particu-
larly challenging organizational context, and secondly
they were introduced in a particularly turbulent phase of
NHS history. In particular, they suffered from two fea-
tures of this period: the large number of mergers and
ongoing service reorganizations, and the strong emphasis
on the performance management agenda. Although this
section describes some of the features of the UK NHS
context, acute pain services in other industrialized

Box 48.4 Key attributes of an innovation
(e.g. an acute pain service) that make it
more likely to be adopted

� Relative advantage: clear unambiguous
advantage that is accepted by all key players.

� Codifiability: the knowledge required to use the
innovation can be codified (as opposed to being
tacit).

� Trialability: can be experimented with by
intended users on a limited basis.

� Observability: the benefits are visible to
intended adopters.

� Reinvention: the innovation can be adapted to
suit the needs of the adopters.

� Rigorous evaluation against defined goals and
milestones.

Sources: derived from Refs 48, 49, 50, 51, 52, 53.
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countries have also been introduced against a background
of substantial health service change:62, 63, 64, 65

Health care reform has been one of the worldwide
epidemics of the 1990s (p. 299)64

THE NHS AS A CHALLENGING ORGANIZATIONAL CONTEXT

The organizational change literature acknowledges that
health services like the NHS represent a particularly
challenging context for organizational change (Box 48.5).
Processes in the NHS are affected by additional demands
and constraints to those found in industry. For example,
change in the NHS is affected by the need to provide a
year-round public service. In addition, the care process
involving any one NHS patient may be highly complex
and involve a range of different individuals and depart-
ments, drawing on a range of clinical skills and organi-
zational resources.46 For example, a patient who is
admitted for elective surgery will have some contact with,
or input from, a range of professionals including anes-
thetists, surgeons, outpatient clinic nurses, ward nurses,
theater staff, radiographers, phlebotomists, and pharma-
cists. The care process is complicated further when the
patient has multiple health conditions that may require
coordinated input from a wider range of specialists. Thus
there is limited scope for improving elements of a process
(such as postoperative pain management) in isolation
from the whole (i.e. the patient’s perioperative care).

APS IMPLEMENTATION TAKING PLACE AT A TURBULENT
TIME

Acute pain service implementation has taken place against
a backdrop of significant organizational turbulence in the

NHS. Firstly, the 1980s, the decade prior to the introduc-
tion of acute pain services, was a period of accelerating
change in the NHS74 with substantial restructuring and the
introduction of ‘‘general management’’ aimed at changing
‘‘not only the structure of the NHS, but also its ruling
assumptions and much of the service culture.’’48 Secondly,
acute pain services were introduced in the 1990s, a period
when the scale and pace of NHS change increased mark-
edly.75 There were marked shifts in policy direction, suc-
cessive structural reorganizations, and a plethora of diverse
and sometimes conflicting initiatives aimed at changing
aspects of the service.76, 77, 78 There are extensive and
ongoing debates in the literature about these changes: their
nature and scale (e.g. Robinson76); their potential dele-
terious effects (e.g. Iliffe and Munro,79 Smith et al.,80

Simoens and McMaster,81 Walshe82); and about the rela-
tionship between continuity and change. However, there is
strong agreement (e.g. Walshe,82 Ferlie83) that the period
has been one of rapid and highly turbulent change, par-
ticularly since 1997, and that there are few signs that the
process is slowing down.

Thus the period from 1990 was one of radical, exten-
sive, and often disordered organizational change in the
NHS. It was therefore a highly challenging time to be
introducing new services like the acute pain service and
for achieving the objectives of addressing long-standing
deficits in postoperative pain management.

Acute pain services were affected both by the ‘‘back-
ground’’ turbulence and also by specific aspects of the
NHS changes. Organizational turbulence in the NHS has
been widely acknowledged to have had a range of impacts
on different aspects of the service, including health pro-
fessionals readiness to engage with service change and
with other initiatives. It is argued that the turmoil has
prompted widespread ‘‘change fatigue,’’ encouraging a
‘‘wait and see’’ attitude and leading to a reactive rather
than proactive approach.63, 69, 80, 84, 85, 86, 87 Such an
approach may be characterized by organizational actors as
‘‘surviving’’ rather than developing, and is likely to have
had a considerable influence on responses to national
initiatives like the APS recommendations.

DELIVERING NEW SERVICES AMID MERGERS AND SERVICE
REORGANIZATIONS

The APS recommendations required effective commu-
nication and team working across health professionals in
perioperative care. These requirements did not therefore fit
well with the existing directorate-based and hospital-based
patterns of working, and APS implementation was often
hampered by the communication difficulties within hos-
pitals and across different hospitals within the same
healthcare organization. These problems were exacerbated
by the large number of mergers and service reorganizations.

There were 99 mergers of trusts (NHS healthcare
organizations) between 1997 and 2002,70 a process that

Box 48.5 Features of the NHS that make it
a particularly challenging context for
organizational change

� Complexity of care processes in a year-round
service.

� Multiple organizations and stakeholders in a
highly politicized environment.

� History of partially implemented mechanistic
top-down approaches to change.

� Major influence of health professionals in
mediating change.

� Continuing power struggles between managers
and some health professionals.

� General lack of resources for change initiatives.

Derived from Refs 62, 66, 67, 68, 69, 70, 71, 72, 73.
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forced staff in trusts that were used to working inde-
pendently and in different ways from neighboring trusts
to work together as colleagues.67 It is known that the
anticipated benefits of mergers are not always realized and
that mergers may lead to unintended consequences.88

Hospital mergers are acknowledged to be a particularly
problematic type of merger and may result in a range of
adverse consequences that have a negative effect on deli-
vering and developing services.70, 89, 90, 91, 92, 93 Indeed
‘‘Projects for ‘integration’ of services across sites were
more often than not seen as ‘disintegration’ by the people
involved in them’’ (p. 199).91 Organizational changes
including mergers and large-scale reorganization may
thus have hindered APS implementation by reinforcing
‘‘silo-based’’ working (e.g. in directorates or single pro-
fessions) and introducing new communication problems
across large merged organizations that had previously
worked separately.

DEVELOPING ACUTE PAIN SERVICES AT A TIME WHEN THE
NATIONAL PERFORMANCE AGENDA WAS FOCUSED ON
OTHER CLINICAL SERVICES

APS implementation was also hindered by the strong
emphasis on the performance agenda. This led managers
and health professionals to concentrate primarily on
certain clinical services that were the subject of specific
initiatives and performance management and meant that
other services (such as pain management) received less
attention.

Literature on NHS change makes clear that one of the
adverse effects of performance management is that atten-
tion is skewed towards the service areas covered by the
targets and that other services can be neglected94, 95

although the full impact is unknown.96 Organizational
change literature suggests that it is more difficult to secure
commitment to initiatives that appear to be unrewarded,
especially when the necessary effort may take resources
away from initiatives to which incentives or sanctions are
attached.97 Managers and clinical staff were concerned with
the task of meeting externally imposed targets and other
mandatory requirements in a resource-limited environ-
ment, and improving postoperative pain management was
seen as neither relevant nor useful to this task.97

The concept of change taking place along the path of
least resistance98 suggests that had the APS recommen-
dations fitted with other performance targets, there might
have been less difficulty in implementation. However, the
APS recommendations were not part of the performance
agenda and in many ways conflicted with it. For example,
time taken by anesthetists on pain management (e.g. on
pain ward rounds) reduced time available for them to
administer the anesthetics needed to ‘‘get through the
waiting list,’’ while time spent siting epidurals in theater
lengthened the time needed per case and thus reduced the
number of operations that could be carried out in one
staffed theater session.

The literature on innovations suggests that political
mandates (making the innovation compulsory) increase
the motivation (but not the capacity) of an organization
to adopt the innovation.49 However, there were no poli-
tical mandates attached to improving postoperative pain
management. Paradoxically, ‘‘performance’’ in surgical
care or ‘‘delivering the service’’ did not explicitly include
good postoperative pain management. Nor did the stat-
utory duty to monitor and improve ‘‘quality’’ imposed on
NHS organizations through the 1990 NHS Act and later
under clinical governance99 explicitly include pain man-
agement. There was no national service plan on acute
pain (as there was for other clinical areas, e.g. coronary
heart disease),78 no reference to pain in the criteria for
awarding ratings to hospitals,100 and no targeted funding.

Not only did the APS recommendations not feature in
the main performance agenda targets, but the recom-
mendations were also out of step with other drivers
because they appeared to be so different. In an environ-
ment in which increasing emphasis was placed on per-
formance targets and on measurement, there was much
about pain management that appeared to be subjective,
difficult to measure, and hard to evaluate.

To summarize, acute pain services were introduced in
an unreceptive and even resistant context: health profes-
sionals and managers were preoccupied with multiple
successive reorganizations and with a range of quality and
performance initiatives that did not include postoperative
pain. Against this background, the APS changes were
further undermined by some of the responses and actions
of health professionals in perioperative care. We will now
consider these ‘‘process’’ aspects.

Process issues

Process factors in the content, context, and process fra-
mework are concerned with the ‘‘actions, reactions, and
interactions’’ of interested parties in relation to the
organizational change.48 Such actions and reactions are of
course related to the content and context of the change.

An important attribute of successful innovations
identified in the literature is compatibility,50 defined as
the extent to which the proposed innovation is compa-
tible with the values, norms, and perceived needs of
intended adopters.49 In fact, the APS changes were not
always fully compatible with the values and norms of
intended adopters and this therefore affected how they
were received.

Firstly, the APS changes cut across views that were
strongly held by many health professionals in periopera-
tive care about the nature of postoperative pain and about
responsibility for its management. Secondly, the APS
changes entailed working effectively across the different
professions in perioperative care, and so they challenged
the long-established boundaries within and between
professions that governed daily clinical practice.
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CHALLENGE TO EXISTING VALUES AND NORMS

The APS changes therefore presented a profound chal-
lenge to many aspects of existing values and norms
among health professionals in perioperative care (Box
48.6) and were met with varying degrees and types of
resistance that hindered their implementation. For
example, some doctors were unwilling to take advice from
specialist pain nurses; many health professionals had
doubts about the validity of patients’ self-report of pain in
pain scoring; and some were reluctant to take action
based on patients’ scores or advice from other profes-
sional groups.

Acute pain services were not unique in facing these
challenges. The literature on organizational change in
healthcare settings provides strong evidence that many
healthcare innovations are resisted because (among other
reasons) they disturb traditional divisions of labor between
nursing and medical staff and challenge deeply-rooted

aspects of professional identity (e.g. doctors’ autonomy to
prescribe as they wish).47, 101, 102

� Many evidence-based healthcare innovations involve
disturbing a division of labor traditionally agreed
across occupational groups (e.g. between nurses and
doctors) and it can be very difficult to cross these
boundaries.

� Such innovations also threaten professional
autonomy and can result in turf-defending activities;
there is therefore only limited scope for managerial
control of the implementation process.

� Doctors’ views of their own clinical world are
shaped by a strong sense of their own autonomy
to develop practice in accordance with their
experience.

� The ability to respond selectively to peer influence is
seen by many doctors as a marker of professional
independence.

DIFFICULT INTER-PROFESSIONAL WORKING

Problems with inter-professional working (both within
professions and between members of different profes-
sions) and the effects of these problems on providing care
and changing practice are well documented (Box 48.7).

Box 48.6 Examples of ways in which the
APS changes challenged existing values
and norms

The changes:

� challenged long-standing and deeply-rooted
beliefs about the meanings of pain (e.g. about
the normality of a degree of postoperative
pain);

� challenged long-standing beliefs about the side
effects of analgesics (e.g. the belief that the risk
of patient addiction was greater than the risks
of untreated pain) and fears about the risks of
adopting more ‘‘aggressive’’ pain management
regimens;

� required health professionals to acknowledge
that current practice was unsatisfactory;

� entailed actively seeking the patient’s self-
report of pain and accepting this as the basis
for action by health professionals;

� challenged the belief that postoperative pain
management could remain the ‘‘special interest’’
of a few individuals rather than being an
integral part of all perioperative care;

� challenged existing notions of division of labor
(e.g. between HDU nurses and ward nurses) and
entailed working across professional boundaries
in ways that went against established norms
(e.g. nurses challenging the practice of doctors);

� activated individual health professionals’
concerns about their own competence or that of
colleagues in relation to more complex methods
of analgesia (e.g. epidurals).

Box 48.7 Key themes from the literature
on nursing and medical boundaries and
inter-professional working

� Differing interpretation between nursing
and medical professions of key concepts
such as ‘‘collaboration’’;

103, 104, 105

‘‘cooperation’’;106 and what is central to
‘‘treating patients.’’107

� Divisions within individual professions into
‘‘camps.’’

108, 109, 110

� Differences between professions in styles of
learning, career patterns, models of working,
regulatory mechanisms, etc.

109, 111

� Inequality between medical and nursing
professions.

112, 113

� Issues of power (e.g. members of powerless
groups belittling each other).

114, 115, 116

� Skill substitution driven by the needs of the
medical profession and not by the nursing
profession.

117, 118

� Bullying in nursing
119 and in perioperative care

settings in particular.120

� Differences in culture between medical
specialties.

121

� The impact of medical dominance in decision-
making around patient care.

104, 122
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The APS studies show many acute pain examples: anes-
thetists express frustration at working with surgical and
anesthetic colleagues who have different views on the
importance of postoperative pain management; acute
pain specialist nurses struggle for recognition by medical
staff; ward staff often do not carry out pain scoring and
see pain management as the responsibility of the APS.
This is reflected in a typical comment made in one recent
survey:17, 31

Difficulty in persuading our surgical colleagues about
the importance of good pain management post op,
and maverick prescribing of oral analgesia by them
despite an agreed protocol causes some tensions –
not always in the patient’s best interest

Anesthetist

A major factor undermining APS implementation was,
therefore, the ‘‘bedrock’’ of traditional boundaries and
professional norms that affected who could do or say
what in relation to postoperative pain management, and
influenced health professionals’ responses to APS efforts
to change practice. Although professional boundaries are
acknowledged to present an ongoing and significant
barrier to service change, strategies to overcome such
barriers and to improve dysfunctional relationships are
less well identified.123, 124, 125, 126

APS implementation was also undermined by an
unintended consequence of introducing acute pain ser-
vices: the tendency for some health professionals to ‘‘pass
the buck’’ and to refer all postoperative pain problems to
the acute pain service. It is well recognized in the orga-
nizational change literature (e.g. Armenakis and
Bedeian,45 Harris and Ogbonna,127 Hammersley128) that
unintended consequences will arise in all forms of plan-
ned organizational change, and that the range of effects of
new policies or new practices will encompass intended
and unintended, foreseen and unforeseen effects.50, 128

While Pain after Surgery aimed to address the lack of ‘‘an
identifiable individual or group with responsibility for the
relief of acute pain,’’15 this designation of an identifiable
individual and group may have had the unintended
consequence of legitimizing47 postoperative pain man-
agement as the ‘‘special interest’’ of a few health
professionals.

In summary then, reactions to the APS changes were
affected by the ways in which the changes challenged
existing values and norms among health professionals in
perioperative care. The changes conflicted with strongly
held views about responsibility for postoperative pain
management, and the requirement for effective inter-
professional working did not fit well with long-established
boundaries within and between professions. In addition,
in some hospitals, the development of acute pain
services had the unintended consequence of encouraging
some health professionals to delegate all responsibility

for postoperative pain management to the acute pain
service.

ADDRESSING THE IMPLEMENTATION
CHALLENGES

Looking across the three categories of the ‘‘content,
context, and process’’ framework of the dimensions of
organizational change, the APS changes were hampered
because they were:

� not universally accepted as necessary and not well
defined in terms of the nature and objectives of the
change (content);

� introduced in a turbulent environment in which
attention was focused elsewhere and in which rapid
local organizational changes were hindering effective
communication (context);

� not always fully compatible with the deeply rooted
norms, practices and beliefs of many health
professionals (process).

It is therefore not surprising that the organizational
change of implementing acute pain services has been so
challenging and that many of the improvements that
acute pain services have achieved in routine postoperative
pain management have been patchy and hard to sustain.
Much has been achieved however, and official reports and
respondents in research studies rightly pay tribute to the
commitment and hard work of members of acute pain
services. Nevertheless, the insights from the organiza-
tional change literature suggest that there are key areas
that need to be addressed if acute pain services are to
make further progress in improving postoperative pain
management for all patients (Box 48.8). These issues will
be discussed under the three separate categories (content,
context, and process) for convenience but we emphasize
that they are closely interlinked in practice. We also
emphasize that while they are discussed only briefly here,
each of these challenges would require considerable
ongoing effort for clinicians, policy-makers, and
researchers in devising, testing, implementing, and eval-
uating policy and practice initiatives.

Content issues

We discussed earlier how acute pain service implementa-
tion lacked key attributes that are known to be conducive
to successful organizational change. The most significant
deficit was that of ‘‘relative advantage’’: the absence of clear
agreement among the key people involved (managers,
health professionals, policy-makers, and patients) about
the need to improve postoperative pain management and
about the benefits (e.g. in terms of effectiveness of pain
management, cost-effectiveness of services, and use of
resources) that the changes would bring.

612 ] PART IV ORGANIZATION OF MULTIDISCIPLINARY PAIN MANAGEMENT TEAMS



A range of strategies is needed to secure active agree-
ment about the importance of good postoperative pain
management. These might include:

� addressing the current gaps in the research base;
� attending to the existing literature on ‘‘what works’’

in diffusing and sustaining innovations in health
services (e.g. Greenhalgh et al.,49 Dopson and
Fitzgerald,101 Grol et al.129);

� using insights from other fields (e.g. marketing) to
‘‘sell’’ postoperative pain management to skeptical
policy-makers, managers, and health professionals.

Acute pain services have also struggled from the lack of
clarity about the form and function of an acute pain
service and its relationship to other services (e.g. critical
care outreach), and this has led to much duplication of
debates and ‘‘experiments’’ at local level, and to difficul-
ties in making the case for adequate resources. Strategies
to address these problems might include:

� devising clear national specifications for acute pain
services (e.g. about appropriate staffing levels) that
could be used for standard-setting, resource
allocation, benchmarking, and evaluating progress;

� formal evaluation of the role of acute pain services in
relation to other related services (e.g. critical care
outreach).

Context issues

In addition to suffering (with other services) from what
has been described as ‘‘the re-disorganisation of the
NHS’’80 in the 1990s, acute pain service implementation
has also been at odds with the performance management
agenda on which much attention has been focused.

The organizational change literature argues strongly
that for successful organizational change in health ser-
vices, it is essential to have a multilevel approach with
coherence between policy at the different levels (e.g.
national, regional, and local).62, 72, 130 In order to make
further progress it will therefore be necessary to ensure
that the wider NHS context at national and local level
supports the contributions of individual health profes-
sionals and acute pain services in improving post-
operative pain management.

This might include:

� reducing the number and frequency of mergers and
service reorganizations and taking steps to ensure that
the unintended adverse consequences are minimized;

� ensuring that good postoperative pain management
is recognized and funded as an explicit part of
providing surgery and is mandatory for securing
training approval;

� introducing defined goals and milestones to evaluate
improvements in postoperative pain management;

� recognizing the adverse impact that performance
measurement is known to have on nontargeted services
and ensuring that performance measurement systems
support good clinical care across the whole service.

Clearly these are substantial policy changes that are not
under the control of local acute pain services.

Process issues

Acute pain service implementation has been hampered
by: attitudes towards postoperative pain management and
its management; poor working relationships between
some health professions and individuals; and by the
tendency of some health professionals to hand over all
responsibility for postoperative pain management to the
acute pain service.

This means that the following need to be considered in
order to make further progress:

� strategies to reduce the impact of the long-standing
beliefs, attitudes, and fears that impede good
postoperative pain management and that lie behind
some of the reactions of health professionals to the
changes;

Box 48.8 Implementing acute pain services
and improving postoperative pain
management: key lessons from the
organizational change literature

� Achieving even relatively small changes in
complex health service organizations is very
challenging: there are many interacting
organizational factors and hence no easy or
permanent solutions.

� Improving postoperative pain management will
need health professionals, managers, and policy-
makers to address a range of complex
challenges.

� Three key areas are:
– health professionals and managers need

actively to agree about the need to improve
postoperative pain management and about
the benefits that improved services will bring;

– the wider health service context at national
and local level (e.g. performance
measurement, education, and training) needs
to support and facilitate improvements in
postoperative pain management;

– strategies are needed to reduce the impact of
long-standing beliefs, attitudes, and fears
among health professionals that impede good
postoperative pain management.
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� strategies to promote good working relationships
between and across professions;

� understanding and addressing the unintended and
dysfunctional consequences of specialist teams.

These are long-standing and generic problems that are
not readily amenable to change, but acknowledging them
is an essential starting point.

CONCLUDING REMARKS

Many of the problems we have described in this chapter are
reflected in the experience of acute pain services outside
the UK, including acute pain services in other European
countries, in the US, in Australia, and in New Zealand.131,
132, 133, 134, 135 Making further progress and addressing the
areas that we have outlined above will be very challenging.
First, with regard to the substantive nature of the values,
beliefs, and attitudes informing postoperative pain man-
agement, the literature on pain management and acute
pain services shows that attitudinal barriers in relation to
pain and its management have been part of health services
throughout the world for at least 50 years.14, 136, 137, 138, 139

Second, the organizational change literature makes clear
that achieving even relatively minor forms of incremental
change is not straightforward (e.g. Dawson,44 Rosenfeld
and Wilson140), and the task is compounded when work-
ing in large and complex multilevel political organizations
like health services. Third, changing attitudes, beliefs,
and values that affect how health professionals work
together (i.e. cultural change) is characterized as second
order transformational change,141, 142 the most radical,
controversial, and demanding form of change in scale and
scope:

y it is the ‘intangible’ components of [those]
organizations that may yield the greatest threat to or
facilitation of organizational change.143

It is also a major challenge because it is ongoing. Each
acute pain service has constantly to adapt to changes in
local circumstances (e.g. loss of key individuals, changes
in local facilities, local networks forming and dissolving).
Acute pain services as a whole also have to adapt. The
effective management of postoperative pain in the future
(whether through acute pain services, integrated pain
services, or something quite different) will need to
respond to future changes in the social and healthcare
environments.64, 144, 145 These may include regulatory
changes (e.g. in relation to the availability of opiates and
other drugs or to the practice of health professionals);
changes in the organization of health services (e.g.
increasing diversity of providers, changes in hospital
organization and governance); changes in clinical care
(e.g. new drugs, changing patterns of surgery); demo-
graphic changes (e.g. age distribution of population,

changes in levels of literacy); and advances in technology
(e.g. new analgesic techniques, advances in information
technology).

Although there is much about the future that is
uncertain, it is clear that difficult and controversial cul-
tural changes will be needed: widespread changes in
attitudes and practices around postoperative pain and its
management. Further structural and incremental change
alone is unlikely to be sufficient to achieve the goal of
effective pain management for all postoperative patients.
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KEY LEARNING POINTS

� Comprehensive pain rehabilitation programs are

effective when cost and outcomes are measured.
� Components of effective programs are difficult to

define, but are included in published criteria.
� The Commission for the Accreditation of Rehabilitation

Facilities (www.carf.org) has guidelines for the United

States, Canada, and other countries.

� The Institute for Clinical Systems Improvement

(Minneapolis, Minnesota, USA: www.icsi.org) has

guidelines primarily for local consumption.
� Interventional pain management modalities are largely

unstudied, unregulated, and have a paucity of

cost–benefit analysis.

INTRODUCTION

The concept of pain as a malignant force is as old as
humankind itself. An efferent control system in the pain
system was postulated by Melzack and Wall1 in their gate
control theory of pain in 1965. This was one of the stimuli
for an explosion of scientific interest in nociception and its
neurophysiologic mechanisms. Unfortunately, there has
not been a corresponding translation into clinical practice.
There are few scientific studies that have demonstrated
adequate management of any acute or chronic disease
state. It is usually not possible to practice contemporary
‘‘evidence-based medicine’’ with respect to chronic pain

states because of lack of evidence and lack of political will.2

Patient advocacy groups and private websites bemoan the
parlous state of pain relief available to the general public.
This dismal state of affairs was recognized by the United
States Congress, which declared the ‘‘Decade of pain
control and research,’’ which began on 1 January 2001.3

The concept of pain as a biopsychosocial disease rather
than a hard-wired function is relatively recent. John
Bonica4 formalized the idea of pain management as a
multidisciplinary diagnostic and therapeutic endeavor in
his seminal opus in 1953. This concept has been generally
accepted since that time, and pain clinics and centers have
been established with this model as the basis.5

www.icsi.org
www.carf.org


The Bonica model of multidisciplinary pain manage-
ment has come under increasing scrutiny from payers,
patients, and regulators in the US. The following factors
are among those that have changed in the 20–30 years of
the development of the model.

� Increasing emphasis on evidence-based medical
practice.6

� Increasing emphasis on cost–benefit considerations of
a particular therapy.7

� Decreasing emphasis on return to work as a
criterion.

� Increasing emphasis on quality of life and other
psychosocial measures.

� Increasing emphasis on decreasing medical utilization
as a long-term goal.

� Decreasing emphasis on the physician as ‘‘captain of
the ship.’’

� Increasing recognition of the patient needing to be
an informed participant in the process.

� Increasing recognition that medications (even
opioids) have a place in chronic pain management.

� Recognition that medicolegal issues do not
necessarily prohibit rehabilitation.

These factors have influenced the philosophy and practice
in management of chronic pain, at least in the United
States.

CHRONIC PAIN PROGRAMS

There was a proliferation of chronic pain programs in the
early 1970s. The Bonica model was widely accepted, and
programs were designed to include all the specialists
deemed necessary to address the complex consequences of
chronic pain8 in a particular patient in a particular setting
(Box 49.1). A history of the evolution and development
of a noted pain clinic has been recorded by one of the
most successful protagonists of the multidisciplinary
model.9 A typical multidisciplinary pain clinic evaluation
could involve as many as a dozen medical and allied
health specialists. A patient would be evaluated in turn by
each of these clinicians independently from her/his point
of view. The group (clinicians, patient, significant others)
would then typically meet for at least an hour for each
patient for the initial planning session to arrive at a
consensus diagnosis and management plan. The plan
would be implemented, often in the context of a multi-
disciplinary pain program. The sine qua non of the pro-
cess was that there was no specific ‘‘curative’’ treatment
for the underlying pathology, if any. Plans were typically
developed to address the consequences of the chronic
pain state. In the absence of evidence to the contrary (and
there were very few data in the first three decades of
chronic pain programs), each patient was admitted to the

particular program, and standard protocols were used for
all patients admitted. Such programs were financially
viable at that time because of the prevailing ‘‘fee for ser-
vice’’ payment mechanism. Under such a system, every
interaction with the patient by every clinician was
potentially reimbursable.

It was assumed that all patients would benefit from a
general physical and psychological retraining program.
Early clinical impressions of outcomes appeared to justify
their use of this empiric model. Unfortunately, even now
there are still too few data to justify this assumption in all
varieties of pain services. Turk10 critically examined the
question of customizing treatment more than a decade
ago without being able to arrive at definite conclusions
regarding the optimal combination of modalities for a
particular patient/client.

Box 49.1 Signs and symptoms of the
chronic pain state, leading to an overall
reduction in quality of life

� Physical deconditioning:
– reduction in muscle tone, strength,

endurance;
– reduction in aerobic capacity;
– reduction in joint flexibility;
– chronic sleep deprivation;
– fear of additional injury.

� Psychological deconditioning:
– depression;
– anger;
– anxiety;
– irritability;
– anhedonia;
– guilt.

� Behavioral deconditioning:
– development of abnormal illness behaviors;
– loss of self-esteem;
– irritability;
– secondary gains.

� Inappropriate medication use.
� Work and vocational deconditioning:

– loss of job, work status.
� Family issues:

– loss of companionship;
– loss of libido and potentia.

� Financial issues:
– loss of salary;
– medical expenses.

� Legal issues:
– worker compensation issues;
– social security disability issues;
– personal injury issues.

� Inappropriate medical system utilization.
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There was usually emphasis on return to work, and
some programs used this as the major outcome measure
and for economic justification. The number of patients
returning to the same work was usually small.11 ‘‘Return
to work’’ is a difficult concept, as it has different meanings
to different stakeholders. There are variables that might
be out of control of the patient and program. For
example, the patient might not have the skills required in
the workforce, full-time work might not be possible or
available, and the original job would often become
unavailable.

There was also usually emphasis on ‘‘detoxification,’’
with reduction or elimination of all medications. There
seemed to be lower successful completion of rehabilita-
tion in oxycodone users,12 but with few initial data
indicating sustained improvement in function. These
initial pain rehabilitation programs were usually of three
to four weeks duration, full-time, and in the inpatient
setting. There was little emphasis on cost–benefit issues,
as third-party payers seemed to accept the novelty of the
treatments and their empirically attractive concepts. Even
now there are few data available on tracking of sub-
sequent health care utilization. Payers do not make these
data available and the use of unprescribed alternative and
complementary modalities are usually not included in
such analyses. When such data are available, as discussed
in the American Pain Society (APS) study, they are
strongly supportive of the long-term savings obtained
after a successful chronic pain rehabilitation program.

Turk revisited the subject in 2002.13 He concluded that
there were difficulties in interpreting results within and
across studies. Variables might include:

� differences in inclusion and exclusion criteria for
admission;

� comparability of treatments;
� definition of ‘‘chronic’’;
� comparability of drug doses and equianalgesic

potency;
� differences between pain syndromes;
� definition of ‘‘success’’;
� societal differences.

Pain programs were not shown to eliminate pain, or even
reduce the reported intensity, but there were sometimes
statistically significant changes on more sophisticated
instruments. Whether such changes are clinically sig-
nificant is hotly debated.

These programs appeared so intuitively correct in
their approach to the multifactorial problems that there
was very little close scrutiny of them by the patients,
providers, or payers. There were early outcome studies,
of course, that appeared to justify the results.14 With the
advent of improved evaluation tools, a better under-
standing of the issues has been possible. However,
even then, the outcome data have to be interpreted
cautiously.15

Components of an ‘‘ideal’’ program are mentioned in
detail below. It is not possible to discuss each in detail.
They are listed because of their intuitive correctness, not
necessarily because there is scientific evidence for their
validity. Not every program addresses all areas of putative
dysfunction. Review of this literature is difficult because
the specific components of the subject program are rarely
defined.16, 17, 18

PHYSICAL RECONDITIONING/REHABILITATION

Some chronic pain patients may find themselves in a
vicious cycle of pain, inactivity, loss of physical condition,
fear of musculoskeletal pain and reinjury with the per-
formance of ‘‘usual’’ physical activity (kinesiophobia),19

with consequent inhibition of physical activity, and
accelerated deconditioning. These are difficult attitudes
and behaviors20 to change. The patient has to be reassured
that physical activity is beneficial and not harmful: in the
vernacular ‘‘use it or lose it; no pain, no gain.’’ The
rehabilitation program has to be planned to increase the
loads gradually, with time-contingent and not symptom-
contingent progress. The exercise program has to be
emphasized so that the patient will maintain and increase
the level of physical activity and function after discharge
from the program. The separate components of muscle
tone, strength, endurance, aerobic capacity, and joint
function are likely to be of variable importance and may
need different emphasis in the two groups. It is likely that
baseline evaluations of these variables are essential for
monitoring progress, as it is assumed that improvement
in overall function will be related to improvement in these
also. Few programs make appropriate before and after
measurements of musculoskeletal or cardiovascular
function.21

PSYCHOLOGICAL RECONDITIONING

Controversy surrounds the interactions between chronic
pain and depression (addressed in Chapter 18, Chronic
pain and depression in the Chronic Pain volume of this
series). It is not clear whether there is a cause-and-effect
relationship or whether both represent a common bio-
chemical change, manifested in 5-hydroxytryptamine
(5-HT)/norepinephrine (noradrenaline; NE)/dopamine
(DA) depletion. Suffice it to say here that the use of
relatively small doses of selective or nonselective 5-HT/NE
reuptake blockers may produce a significant reduction in
the perception and/or report of pain.20

Anger often accompanies chronic pain,22 and it would
be reasonable to address this aspect of psychological
functioning, either individually or in a group setting. It
must be remembered that there is often cause (in the
patient’s mind) for the anger – hostile work environment,
unsympathetic employer, incompetent physician, the
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adversarial legal system, an apparently unfeeling spouse.
Creative and constructive avenues to express and reduce
this anger have to be identified. There is good evidence
that childhood or current physical or sexual abuse is
associated with an increased incidence of chronic pain
and increased utilization of medical resources.23, 24, 25

Anhedonia is often related to the pain and depression,
and may be expected to improve with effective treatment
of the depression, pain, and insomnia. Loss of libido in
any pain patient and decreased potentia (in males) may
be related to the pain or depression, or to opioid
analgesics, and may also be expected to resolve as the
syndrome is successfully treated.26 There may be no
specific treatment, but urological evaluation may be
necessary.

BEHAVIORAL ADJUSTMENT

Chronic pain states contribute to the development of
abnormal illness behaviors.27 These include any unpro-
ductive behavior with respect to that person’s health.
There are significant other adjustment disorders in
chronic pain states.28 Cognitive/behavioral therapies are
therefore based on the assumption that maladaptive
attitudes and behaviors are learned, and can therefore be
modified by new learning experiences.29

Turner and Keefe30 have reviewed the history and
theoretical basis of cognitive-behavioral therapy (CBT) in
chronic pain management. They also reviewed evidence
of efficacy and found that the evidence was not yet good,
and that firm conclusions were difficult to justify. More
recent studies have been much more encouraging.2, 31

There have been reports of specific symptom control
with CBT, for example insomnia,32 back pain,33 and
musculoskeletal pain.34

MEDICATION ISSUES

Attitudes to the use of scheduled medications in chronic
illness of nonmalignant origin have been negative, if the
medications do not produce satisfactory functional
improvement. Chronic pain is becoming accepted as a
disorder of the neuromatrix with defined structural,
chemical, and functional changes, and not a voluntary
defect of personality. There has been a corresponding
change in the attitudes of the various regulators, assisted
in part by statements from the American Academy of Pain
Medicine, American Pain Society, and other professional
organizations. Similar changes are beginning to occur
elsewhere.35 As noted by Long,9 pain clinics originally
intended to ‘‘detoxify’’ all patients by elimination of ‘‘all
narcotics, sedative-hypnotics, or other potentially harmful
drugs.’’ However, it was recognized even then that
anxiety and depression might need to be treated
pharmacologically.36, 37, 38

With the increasing use and acceptance of opioids for
the long-term alleviation of nonmalignant pain has come
the increasing recognition of the interaction of chronic
pain behaviors and substance abuse/addiction39 (see also
Chapter 46, Pain management and substance misuse in
the Chronic Pain volume of this series). The consensus
panel of the American Academy of Pain Medicine and the
American Pain Society introduced the concept of ‘‘pseu-
doaddiction’’ to define the state of drug-seeking that
accompanies untreated or undertreated pain.40 The
American Society of Addiction Medicine has also pro-
mulgated position statements regarding the rights and
responsibilities of physicians who use opioids for the
treatment of pain.41 Portenoy42 had previously defined
the rights and responsibilities of patients who are candi-
dates for long-term opioid therapy, leading to the devel-
opment of ‘‘opioid contracts.’’43 These various incentives
have led to regulatory changes that make well-docu-
mented and medically defensible prescribing of opioids
less onerous.44 Various states have enacted intractable
pain legislation to reduce the onus on appropriate pre-
scribers. It must be recognized that particular care must
be taken to establish the veracity of the patient, as there
are certain patients who will not report medication and
substance use accurately.45 It is becoming clear that the
treatment of acute or chronic pain and addiction in the
same patient have to be considered as separate but
interrelated exercises.46

Addicted patients must not be denied appropriate
acute pain management, even though it will probably
include opioids.47 The situation is more complex when an
addicted patient also has complaints of chronic pain.48

Hooten and his colleagues showed that under
certain situations in carefully selected patients opioid
withdrawal could be accompanied by favorable out-
comes.49 Patients with symptomatically severe and dis-
abling pain while taking maintenance opioid therapy
experienced significant improvement in physical and
emotional functioning after the pain rehabilitation pro-
gram that incorporated opioid withdrawal. There was
undoubtedly selection bias, as patients knew that opioid
withdrawal was a major component in the program. The
subjects were predominantly female, highly educated, and
compliant. They were highly motivated, but had not
improved with other interventions. Long-term follow-up
is not yet available.

WORK ISSUES

Return to work is a difficult concept to measure. A recent
review evaluated 4124 papers and only found ten of
sufficient quality to include in the study.50 This found
that there was strong evidence that work disability
duration was significantly reduced by work accom-
modation offers and contact between healthcare provider
and workplace. In the adversarial system in the United
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States, the healthcare provider is usually prohibited from
direct contact with the employer. There was moderate
evidence that a return to work coordinator was helpful.
In the United States, this is usually the qualified rehabi-
litation counselor (QRC), employed by the insurance
company.51

One implication of many studies is that there will be
return to the same work without restrictions at the same
reimbursement. There are other return to work scenarios:
same work with restriction, different work with lower
reimbursement, full-time and part-time options. Dur-
ability of the return is of critical importance. A three-year
follow-up study from one pain clinic indicated that only
about one-third of participants maintained their original
improvement.52 About half of a cohort of patients treated
more than a decade previously reported gainful employ-
ment, although 68 percent reported significant pain.53

In another study, actual return to work and long-term
outcome appears to be determined largely by pain
variables.54

FAMILY ISSUES

As discussed above, family issues are important factors in
both the maintenance and rehabilitation of abnormal
illness behaviors.55 The spouse or other caregiver has to
be taught that the patient has to become more self-
sufficient. Children and adolescents have to be taught
healthy behaviors, to prevent pain-related disability.56, 57

FINANCIAL ISSUES

There is no doubt that chronic pain imposes both direct
and indirect financial burdens on patients and families.58

These costs may include:

� decreased income;
� increased insurance premiums;
� physicians’ fees;
� hospital fees;
� medical supplies;
� prescription and over-the-counter medications;
� emergency room and urgent care visits;
� travel and accommodation for physician and hospital

visits;
� unreimbursed expenses;
� alternative and complementary therapy costs;
� legal expenses.

These are a source of hardship and stress,59 and may be
difficult or impossible to deal with. For example, even
though a patient is theoretically protected by the Amer-
icans with Disabilities Act (ADA), it is most unlikely that
a worker who has had back surgery will ever be employed
in the blue-collar sector again. Although it is illegal to

consider health issues in employment, other reasons not
to hire a person are usually found.

MEDICAL UTILIZATION

Economic evaluation of chronic pain intervention costs is
difficult.59 However, durable reduction in medical utili-
zation is an important outcome of a chronic pain reha-
bilitation program. It indicates that there has been a
measurable change in the patient’s abnormal illness
behavior. This change has direct benefits to the patient,
medical providers, and payers. There are indirect benefits
to the patient’s self-esteem and independence.60 Unfor-
tunately, such data are regarded as proprietary by the
payers, and are not available for publication in the United
States.

COMPREHENSIVE PAIN REHABILITATION
ACCREDITATION

It has been very difficult to define on evidence the
optimal model for a comprehensive pain rehabilitation
program in the light of these various considerations.
In the absence of evidence-based outcome data, the
default standards are those derived from expert
consensus. The Commission on Accreditation of
Rehabilitation Facilities (CARF; www.carf.org) is a
nongovernmental not-for-profit organization that has
accredited general rehabilitation programs in the United
States for the last 35 years. It is an organization com-
posed of representatives of the rehabilitation community
and other stakeholders in the rehabilitation process.
These include representatives of relevant medical socie-
ties and allied health organizations, the insurance
industry, the hospital industry, patient/public advocacy
groups, and public members.

Accreditation criteria are developed and administered
by CARF by a complex process involving expert com-
mittees and input from active programs in the commu-
nity. National advisory committees (NACs) of experts
involve providers, payers, persons served, and accredita-
tion specialists from CARF. The final consensus product
(‘‘standards manual’’) is updated as required. NACs are
convened at least every third year for each major section.
Consensus is achieved where there are inadequate
scientific/outcome data.

CARF interdisciplinary pain rehabilitation
programs

The CARF definition (Section 3.C, 2007) states:

An interdisciplinary pain rehabilitation program pro-
vides outcomes-focused, coordinated, goal-oriented
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interdisciplinary team services to measure and
improve the functioning of persons with pain and
encourage their appropriate use of health care sys-
tems and services. The program can benefit persons
who have limitations that interfere with their phy-
sical, psychological, social, and/or vocational func-
tioning. Information about the scope of the services
and the outcomes achieved is shared by the program
with stakeholders.

The interdisciplinary team is determined by the needs of
the person served, and, at a minimum, includes personnel
with the competencies necessary to evaluate and facilitate
the achievement of predicted/desired outcomes in the
following dimensions:

� functional;
� medical;
� physical;
� psychological;
� social;
� vocational.

The team therefore should include:

� the person served;
� the pain team physician;
� the pain team psychologist;
� dependent on the assessed needs of the person

served, individuals from, but not limited to, those
listed below who will assist in the accomplishment of
functional, physical, psychological, social, and
vocational goals:
– biofeedback therapist;
– case manager;
– exercise physiologist;
– nurse practitioner;
– occupational therapist;
– pharmacist;
– physical therapist;
– physician assistant;
– psychiatrist;
– registered nurse;
– social worker;
– therapeutic recreation specialist;
– vocational specialist;

� other stakeholders, as appropriate.

CARF is aware that data are currently not available to
provide guidelines regarding team size.7 Until recently,
the pain team was defined as a minimum of five in
number. This was clearly more expensive than the present
recommendation as there were no data indicating that
five were more effective or cost-effective than the current
three. The person served and two specialists are, by
definition, the minimum needed to provide an
interdisciplinary function.

The increasingly important issues of clinical effective-
ness and cost-effectiveness were addressed by Turk.13 He
reviewed representative published studies that evaluated
the clinical effectiveness of pharmacological treatments,
conservative (standard) care, surgery, spinal cord stimu-
lators, implantable drug delivery systems, and pain
rehabilitation programs.

One estimate suggested the cost of lost productivity
alone might be of the order of US$60 billion per year.61

Direct costs are also difficult to estimate, but it is thought
that both prescription medications and over-the-counter
medications cost several times this amount. Stanos and
Houle5 have suggested the current costs are in the
US$70–120 billion range.

Comprehensive pain rehabilitation programs account
for a relatively small proportion of the total US pain
treatment costs. It is not possible to obtain accurate
numbers, either of programs or of patients treated. For
example, the United States CARF lists 79 CARF-accre-
dited programs in 2007; 52 of these are in the state of
Texas, 6 in Washington State, and the remainder in 16
other states. There is an unknown number of pain reha-
bilitation programs that are not accredited by CARF, for
example, at the Mayo Clinic.

It is also difficult to estimate the number of modality-
based ‘‘interventional practices’’ in the United States.
Current estimates are that there may be some 7000
interventional practitioners in the USA (MA Huntoon,
personal communication, 2007). The website of the
American Society of Interventional Pain Physicians
reports more than 3200 active physician members who
provide ‘‘interventional’’ pain management in the form of
injections, nerve blocks, radiofrequency neural ablations,
implantation of spinal pumps and stimulators, and other
invasive procedures (www.asipp.org). The International
Spinal Intervention Society (which began as the Inter-
national Spinal Injection Society) currently has active
members in the United States providing interventional
pain management (www.spinalinjection.com). The
American Society of Regional Anesthesia and Pain Med-
icine has several thousand members, many of whom are
interventionists (www.asra.com). However, it is evident
that there are far more of these facilities than CARF-
accredited ones in the US. This may be a reflection on
reimbursement policies rather than the practice of evi-
dence-based pain medicine and thorough cost-benefit
analysis.

Dr Dennis Turk, then president of the American Pain
Society, convened a Task Force on Comprehensive
Pain Rehabilitation, chaired by Dr Robert Gatchell.
The charge was to develop a report of published results
that support the clinical and cost-effectiveness of com-
prehensive pain programs. The report appeared in the
Journal of Pain.62 The authors confronted the difficulties
of estimating direct and indirect costs of chronic
pain. They reported a crisis in much of the developed
world (United States, The Netherlands, New Zealand,
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Australia, Denmark, Canada, Spain, and Italy). It is very
difficult to estimate direct and indirect costs of chronic
pain to Americans, but it is suggested that it may be
more than US$150 billion per year. Healthcare expen-
ditures themselves may make up only 10 percent of the
costs of chronic pain in the United States, the authors
concluded. It is even difficult to estimate medication
costs. Scheduled analgesic medications (primarily
opioids) have more than 150 million prescriptions
written each year, and this number is rapidly increasing,
according to the Drug Enforcement Administration
(www.usdoj.gov).

The concept of treatment ‘‘success’’ was discussed, as
defined by the various stakeholders in the patient’s illness:
the individual with the chronic pain, healthcare providers,
insurers, attorneys, and ‘‘society’’, which ultimately pays
for much of the cost. The only treatment models that
could be defined as attempting to estimate costs and
benefits were the comprehensive programs. They reported
on suboutcomes such as pain, quality of life, healthcare
utilization, and disability claims. They concluded that this
model provided the most efficacious treatment for per-
sons with chronic pain. This model was shown to be more
cost-effective than ‘‘conventional’’ serial medical inter-
ventions. The numbers were impressive considering that
chronic pain rehabilitation programs are often the ‘‘last
resort’’ when all other approaches have failed, or the
insurance company refuses to pay for any more
treatment.

They concluded that it is indeed unfortunate that these
programs are not used early in an illness, before mala-
daptive behaviors on the part of patients, significant
others, physicians, attorneys, and insurers all conspire to
condemn the patient to a lifetime of misery.

Robinson et al.63 reviewed the data of 2032 injured
workers between January 1991 through May, 1993. Of
these, 1226 were treated and 776 were evaluated only.
They found that pain center treatment did not produce
significant beneficial effects on time loss outcome. How-
ever, they identified limitations including the retro-
spective nature, nonrandomized assignment, nonspecific
diagnostic categorization and the use of the unvalidated
time loss status as the outcome measure. They justified its
use on the grounds that it is an unambiguous adminis-
trative measure available on 100 percent of claimants.
Return to work measures are less reliable and not neces-
sarily related to the original injury. They subsequently
confirmed their earlier finding that there was no evidence
that pain center treatment affected either disability status
or clinical status of injured workers.64 The authors were
aware of the opposite confounding factors to the Hooten
et al. study,49 and that this study was not likely to be
generalizable either.

Hatten et al.65 studied a different group of patients
using different outcome measures. Traditional cost-utility
analysis (CUA) supplemented with conversion of SF-36
data into quality-adjusted life year data. They reviewed a

consecutive sample of 121 patients with a primary diag-
nosis of chronic spinal pain. Four groups were identified:

1. interdisciplinary management alone (I), n= 59;
2. interdisciplinary1anesthesia procedures (I = P),

n= 22;
3. medications alone (M), n= 16;
4. medications1anesthesia procedures (M1P)

n= 24.

They found that the groups M and M1P reported sig-
nificantly higher pain intensities that the other groups.
They also found that the order of increasing effectiveness
(median incremental cost/QALY gained) was able to be
calculated only for the groups that included inter-
disciplinary management, because the medication groups
had decreased QALY. Patrick et al.33 indicated that the
favorable outcomes may be quite durable, at least over
13 years.

Attempts have been made by the Institute for Clinical
Systems Improvement (www.icsi.org) which has pub-
lished ‘‘evidence-based’’ clinical guidelines for both acute
and chronic pain management on its web site.

CONCLUSIONS

Comprehensive interdisciplinary pain rehabilitation pro-
grams have matured beyond those originally conceived by
Bonica. Evidence has accumulated that the current con-
cept of individualized programs may be more robust from
both cost–benefit and cost-effective standpoints. Unfor-
tunately, factors such as the political climate and reim-
bursement priorities have a more profound impact on
treatment options than outcome data and patient need.
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KEY LEARNING POINTS

� Effective treatment of children’s pain is a basic standard

of care.
� Pain management in children is suboptimal in many

hospitals.
� Biological, developmental, psychological, and parental

factors distinguish children from adults, and influence

organization and service delivery.
� Institutional and departmental support is vital to

establish an effective pediatric pain service.
� A goal-orientated approach helps prioritize the

introduction of new initiatives.

� Available resources must be considered prior to

introducing new analgesic techniques to maintain

patient safety.
� Barriers to effective pain management must be

identified.
� Regular pain assessment and its documentation as the

fifth vital sign increases the likelihood that poorly

managed pain is treated.
� Education, quality improvement, and research are

important roles of a pediatric pain service.
� Utilizing existing resources can save time and effort.

INTRODUCTION

There are many analgesic drugs, routes for their admin-
istration, and nonpharmacological techniques available to
treat pain in children. The challenge is in organizing the
safe and rational provision of effective analgesia in an
individual institution.1 This chapter will address histor-
ical aspects and describe what constitutes a comprehen-
sive pediatric pain service. It is important to recognize
that wide differences exist worldwide and that diverse

local environments, economics, and culture influence
organizational aspects of pediatric pain service provision.

HISTORY

The last 30 years have seen a major cultural change take
place. For many years, pain was considered inevitable and
of no consequence, and pain relief dangerous by medical
and nursing staff. Pain assessment and analgesia were low



priorities for hospitals, surgeons, anesthesiologists, and
nurses.2 More importantly, no healthcare provider was
accountable for poor analgesia.

For many years we relied upon surgeons, usually their
junior inexperienced residents who received little if any
undergraduate education in pain management,3 to pre-
scribe and manage postoperative analgesia. Analgesia was
safer to prescribe in small doses, and infrequently, to
avoid side effects such as opioid-induced respiratory
depression. We relied upon ward nurses to assess that the
child was in enough discomfort to deserve its adminis-
tration. Nursing education systems also provided little, if
any, education in pain assessment and management.4

Rather than focus on providing effective analgesia,
staff ’s responsibilities were absolved by providing some,
albeit insufficient, pain relief without killing the child or
discharging them as an opioid addict.5 Sadly, this is still
the case in many countries.6, 7 A recent survey of 383
German anesthesia departments of hospitals in which
pediatric surgery was performed revealed that 20.9 per-
cent never administered intravenous opioids to children
and that 15.4 percent regularly prescribed intramuscular
analgesia.8

THE BIRTH OF PAIN SERVICES

The first multidisciplinary pain clinic for adults was
established by Bonica at the University of Washington,
Seattle, in 1961. Concerns regarding the treatment of
acute postoperative pain were voiced in an anonymous
editorial9 published in 1976. In 1983, a survey of adults
undergoing general surgical procedures showed that
one-third experienced moderate, severe, or unbearable,
unalleviated pain. Such surveys led to the introduction
of continuous intravenous opioid infusions and more
frequent use of regional analgesia in adult teaching
hospitals.10, 11 Subsequently, the development of an
anesthesiology-based postoperative pain management
service was described in 1988.12 National guidelines fol-
lowed. In 1988, the National Health and Medical Research
Council in Australia published guidelines for the man-
agement of severe pain.13 These were followed by guide-
lines published by The Royal College of Surgeons of
England and the College of Anaesthetists in 199014 and by
the US Department of Health and Human Services in
1992.15 Although national guidelines may influence the
accreditation of teaching hospitals for training,16 they do
not ensure the commitment of all hospitals.17, 18 In the
USA, the Joint Commission on Accreditation of Health-
care Organizations (JCAHO) is an independent not-
for-profit organization that sets healthcare standards.
JCAHO standards require that hospitals assess, treat, and
document patients’ pain, guarantee the competence of
their staff in pain assessment and management, and
educate patients and families about effective pain man-
agement.19 Adherence to these standards determines, in

part, accreditation of healthcare facilities. In contrast to
the flurry of activity to conform to the JCAHO guidelines
in the US,20, 21, 22, 23, 24 17 percent of UK National Health
Service hospitals performing more than 1000 operations
annually do not have an acute pain service.17 It would
seem that the most effective way to effect organizational
change is therefore to institute standards that hospitals
must adhere to in order to achieve and maintain
accreditation. These standards strongly indicate that the
assessment and treatment of acute pain is no longer
optional. It is a basic standard of care.

THE BIRTH OF PEDIATRIC PAIN SERVICES

Documentation of how and when pain services for chil-
dren and adolescents first began is sparse.25, 26 In most
locations where organized pain services exist, one can trace
back the origins of acute pain services to individual anes-
thesiologists who provided more vigilant aftercare when
using more effective and complex analgesic techniques
such as continuous intravenous administration of opioids
and epidural analgesia for adults12, 27 and children25, 26, 28,
29, 30, 31, 32 undergoing major surgery. Children benefited
from more effective methods of analgesic administration.33

Early audit studies that demonstrated many children often
did not receive analgesia,34, 35, 36, 37 or received less than
adults undergoing similar surgery,37, 38 overwhelmingly
supported this notion. Underlying these observations were
outmoded beliefs including the following.

� Newborn infants do not experience pain.39

� Children rarely required drugs for pain.36

� Pain is merely a symptom, and not necessarily
harmful in itself.40

� Effective analgesia makes diagnosis difficult or
impossible.41, 42

� Effective analgesia delays discharge.

In turn, that led to variability in prescribing practices.43

� Postoperative analgesia was frequently not prescribed.
� Prescribed doses were too small or too infrequent.
� Prescribed analgesia was not administered by nursing

staff, often because children preferred to suffer pain
than receive intramuscular analgesia.

CHANGING ATTITUDES AND BARRIERS TO
CHANGE

Fortunately, attitudes to pain relief were changing
rapidly.44 A survey of members of the Association of
Paediatric Anaesthetists in the UK and Eire, published in
1988, found that 13 percent thought that newborn infants
do not feel pain and 23 percent were undecided.39 Only
10 percent, however, prescribed opioid analgesia for
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major surgery in the newborn. A repeat survey in 199544

revealed that there was almost universal agreement that all
age groups perceived pain. Although 91 percent of
respondents prescribed opioid analgesia in 1995, 31 per-
cent cited the lack of a designated pain service as a factor
limiting analgesia prescribing.

Early concerns limiting analgesia prescription centered
around safety – remember there were no published
dosage guidelines available for children, sedation scores
were not recorded, the use of pulse oximeters was not
widespread, and nurses were unfamiliar with these new
techniques.31, 32 Children receiving specialized analgesic
infusions were nursed in high dependency units, if
available.45 In order to safely provide effective analgesia to
children, it was clear that prescription and monitoring
guidelines, staff and parent education, equipment pur-
chases and standardization within an institution, and
availability to troubleshoot and guide treatment were
necessary. Clearly this was beyond the scope of what the
interested anesthesiologist could take on in addition to
their clinical workload.46 In order to effect these changes
and establish a sustainable model of service delivery, acute
pain services, comprising initially anesthesiologists
and later nurses, were established in leading pediatric
centers.47 Other centers rapidly followed in providing
pain management programs,48 although most acute pain
services limited their service to children receiving patient-
controlled analgesia (PCA) or regional analgesia and did
not obtain funding for a multidisciplinary acute and
chronic pain service until some years later.

For years, anesthesiologists were consulted sporadically
by pediatricians, oncologists, and surgeons to help man-
age children with persistent pain and cancer pain because
of their ability to perform nerve blocks and their famil-
iarity with analgesic drugs. Over time, the role of other
healthcare providers from various disciplines including
psychologists, physiotherapists, occupational therapists,
psychiatrists, oncologists, neurologists, rheumatologists,
pediatricians, and surgeons evolved. There was greater
appreciation of the biopsychosocial factors that con-
tribute to, and maintain, persistent pain in children and
adolescents, leading to the establishment of integrated
pediatric multidisciplinary pain services.48

Procedural pain management services were also pro-
vided in some centers from the mid-1980s.48 These centers
utilized nonpharmacological techniques49 and/or provided
pharmacological sedation.50 Despite these initiatives, the
management of procedural pain in neonates and older
children remains problematic today.51, 52[IV]

In 1987, the first International Symposium on Pedia-
tric Pain was convened in Seattle. This conference is
now held triennially, addressing all aspects of pediatric
pain management including basic science research, acute,
persistent, procedural, and cancer pain (for future
meetings see: www.childpain.org).

From an organizational perspective, it is useful to
separate acute, persistent, procedural, and cancer pain as

the demand, skills, and resources for each differs. Fur-
thermore, poorly resourced fledgling pain services cannot
realistically encompass all successfully. Acute pain man-
agement requires the least resources and the referral base
is usually finite, limited to pain secondary to surgery,
trauma and, less commonly, medical conditions such as
sickle cell disease or mucositis. With adequate resource
and direction, integration of these services is beneficial,
facilitating strategic planning, research, and consistency
within an institution, with the potential for economic
benefits from streamlining clinical service delivery.

ACUTE PAIN

The principle objective of a pediatric acute pain service is
the safe provision of effective analgesia (often utilizing
specialized techniques) in the hospital environment whilst
minimizing side effects. An acute pain service must also
keep abreast of new developments, deliver education and
training to medical, nursing, and allied health staff, and
parent and child education. Ideally, an acute pain service
should also conduct research and engage in audit and
quality assurance. Whilst these goals are similar for adult
pain services, there are important differences that must be
considered in the pediatric setting that influence service
delivery.

� Biological factors
– Size: adjusting the amount of drug in any given

volume as a multiple of the child’s weight results
in standardized infusion rates in all children,
reducing the likelihood for calculation error
(Figure 50.1a).

– Immaturity of physiological systems: neonates and
infants have immature enzyme systems that reduce
drug clearance, influencing, for example, the safe
duration of the administration of local anesthetic
drugs.53

– Anatomy: caudal epidural catheters can be
threaded cephalad in neonates and infants to the
thoracic region.54

– Pathology: children with cerebral palsy often
undergo orthopedic surgery that results in painful
muscle spasms.55

� Developmental factors
– Cognition: influences the choice of pain

assessment tool, pain behavior, and the age at
which patient-controlled devices can be used.

– Verbal ability: pain behavior may be difficult to
distinguish from other causes of distress in
nonverbal children.

– Emotional development: nursing and medical staff
must consider the child’s emotional development.
Play and music therapy and distraction techniques
appropriate to the child’s developmental stage can
reduce procedure-related distress.
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� Psychological factors – children with chronic illnesses
often require repeated hospitalization. Previous
experiences associated with poor analgesia (failure of,
or delays in its administration), suboptimal and
distressing routes of administration (e.g. repeated
intramuscular injections or rectal suppositories) or
side effects such as nausea and vomiting may cause
anticipatory fear during subsequent admissions.52

� Parental factors – parents may have fears regarding
the use of opioid or epidural analgesia. Parents’ own
emotional distress around their child’s pain and
suffering can influence the child’s pain behavior.56

[III] Parents may also draw upon past traumatic
experiences of their own or of their children.57[III]

� Regulatory constraints – many drugs are not licensed
for use in children.58

� Segregation of child and adult health care – a
recently published survey on acute pain services in all
hospitals performing more than 1000 operations
annually in the UK excluded those concerned solely
with pediatric services17 without any explanation
why.

These considerations demonstrate that the optimal
provision of effective pain relief in children requires
specialized knowledge and organization.

THE IDEAL COMPREHENSIVE PEDIATRIC ACUTE
PAIN SERVICE MODEL

An acute pain service has many tasks and responsibilities,
including clinical service provision, education, quality
improvement, and research. A significant administrative
workload accompanies these. An ideal pediatric acute
pain service model is described below.

Clinical service delivery organization

AVAILABILITY

The acuity, unpredictable nature, and unpleasantness of
inadequate analgesia and its side effects demand
immediate action. New referrals may occur at any time, as
may queries related to analgesia after hospital discharge. It
is therefore essential that acute pain service staff are
available 24 hours per day, seven days per week.59

In teaching hospitals, after-hours cover for the acute
pain service is often provided by anesthesiology staff who
are required to be present in hospital at all times.60

Competing demands for their attention in the operating
theater may result in delays in responding to pain service
calls. Some hospitals allocate separate staff to answer pain
calls.61 In private hospitals or smaller hospitals without
resident medical staff, the anesthesiologist who treated the
patient or the surgeon is responsible.

CONTACTABILITY

Clear guidelines must be established so that nursing and
medical staff know whom to contact and how. Providing
easy ‘‘one number at all times’’ contact, either via mobile
phone or a pager that the duty physician carries, facil-
itates prompt notification of pain issues and response.
This has the additional benefit that adequate handover
from one duty physician to the next occurs. Hospitals that
enter patient information into a database can print out
lists of patients, their location, and the analgesia pre-
scribed to facilitate handover and communication of pain
management issues.

REGULAR PATIENT REVIEW

Twice daily ward rounds, including weekends, ensures a
review of patients who most recently underwent surgery
and the response to interventions instituted on earlier
rounds.

It is the responsibility of the pain service to ensure that
analgesia is prescribed in appropriate doses and admi-
nistered by an appropriate route. If side effects of
analgesia occur, they should be treated or alternative
effective analgesia should be substituted.

Direct prompt communication with the surgeon
responsible for a patient’s care is necessary if a serious
adverse event related to analgesia occurs or if unexpected
increasing analgesic requirements require exclusion of a
surgical complication such as compartment syndrome.

Blocks of service by pain service personnel facilitate
continuity of care allowing day-to-day comparison of
each patient’s progress and assessment of their response to
therapeutic interventions. The clinician’s knowledge of
what analgesia is required after certain procedures
improves, whilst building rapport with the child, their
parents or guardian, and the primary healthcare team
caring for the child. This is advantageous in more com-
plex patients who require acute pain service input for
more than a few days.

WHICH PATIENTS ARE REVIEWED BY THE ACUTE PAIN
SERVICE?

Some acute pain services routinely review only those
patients receiving PCA or epidural analgesia. This
approach trivializes the assessment and treatment of pain
in the most vulnerable children, those that are unsuitable
for PCA, the very young, and the cognitively impaired. All
patients prescribed non-oral analgesia and those requiring
titration or weaning of strong analgesia should be
reviewed by the acute pain service.

CAPTURING REFERRALS

There must be clear communication to the acute pain
service that a patient has been referred. At the Royal
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Figure 50.1 (a) RCH opioid prescription chart. Note that the range of hourly rate of infusion is standardized regardless of patient

weight by diluting the opioid according to weight (continued over).
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Figure 50.1 RCH opioid prescription chart (continued). (b) The reverse side of this chart were changes in infusion rate and bolus

administrations, why the changes were instituted and the child’s response to these measures are recorded.
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Children’s Hospital in Melbourne, anesthesiologists pre-
scribe the postoperative analgesia and simultaneously
complete an acute pain service referral form (Figure
50.2a). This form includes relevant demographic details,
patient location, relevant medical history, the procedure
they underwent, what analgesia and antiemetics were
administered in theater, and what has been prescribed
postoperatively. This form is placed in a tray in the
recovery room. The forms are collected prior to each
acute pain service ward round by the pain service
personnel and are easily accessible if required afterhours.

WHO CAN REFER PATIENTS?

Only medical staff should refer patients to the acute pain
service. Patients are admitted to hospital under one
doctor who is ultimately responsible for their manage-
ment. If referrals are accepted from nursing staff, allied
health staff, and medical staff, the potential for conflict
arises. Some problems include:

� multiple referrals for the same patient;
� surgical or medical review of the patient may not

occur if the primary team have not been informed
that the patient has pain;

� resident and registrar doctors become less skilled at
pain management;

� primary team may not wish for pain service
involvement.

Nonmedical staff should contact the primary team to
review the patient’s medical or surgical condition, their
analgesia and, if necessary, make a referral to the acute
pain service.

CHARTING AND DOCUMENTATION

Clear prescription and documentation assist acute pain
services to fulfill their responsibilities to the child and
their parents, as well as to the hospital and its staff. It is
important to consider these when establishing and
reviewing an acute pain service as they can guide direc-
tion, continuing improvement, and development.

DOCUMENTATION OF PATIENT OBSERVATIONS

Pain and sedation scores

Provision should be made on the main patient observa-
tion chart for pain and sedation scores. The regular
assessment of pain at rest, with movement, and its doc-
umentation as the fifth vital sign increases the likelihood
that children and adolescents receive effective and
appropriate analgesia. In addition to recording respira-
tory rate and oxygen saturation, sedation scores should
also be documented as increasing sedation usually
precedes respiratory depression.40[IV]

Treatment plan

A clear treatment plan should be written for each patient
after pain service review to facilitate communication
between the acute pain service, nursing, and medical
teams. This records that the patient was reviewed, what
was found, and the management plan.

It is important to distinguish inadequate analgesia
from the development of surgical complications, as
escalating analgesic requirements may herald the onset of
a surgical complication hitherto unsuspected. Increasing
pain is often the first and most prominent symptom of
developing compartment syndrome, preceding changes in
neurovascular observations. Should the latter be sus-
pected, the surgeon should be notified and a record of this
made in the treatment plan.

PRESCRIPTION CHARTS

Clear prescription charts should be designed for specia-
lized analgesic techniques offered by the acute pain ser-
vice. Liaison with chart committees and pharmacy
representatives ensure pain service charts comply with
hospital standards.

Printed dosage guidelines and standardization of the
delivery systems and the preparation of analgesic solu-
tions minimize the potential for errors in prescription
(Figures 50.1a, 50.3a, and 50.4a). In addition to the
analgesic prescription, reversal agents should also be
prescribed on the same chart in the event that they are
required urgently.

Safe prescribing includes ensuring that children do not
have multiple orders for analgesia prescribed on separate
prescription charts that could lead to side effects, overdose,
or drug interactions. Computerized prescribing reduces the
likelihood of this. In the absence of computerized pre-
scribing at the Royal Children’s Hospital, an adhesive strip
along the left margin of an analgesic prescription chart is
used to stick the analgesic attachment chart to the main
prescription chart. Multiple analgesic charts can be
attached (e.g. Figures 50.1, 50.3, and 50.4). The prescrip-
tion and administration of all medications is clearly visible
on one chart thereby reducing the potential for error.

Regular (annual) review of charts should occur with view
to modification to ensure clarity and ease of prescription.

ALGORITHMS

Certain situations lend themselves to algorithms to pro-
mote safe, timely, and effective intervention that improve
analgesia and management of side effects. Examples
include:

� Intravenous morphine bolus administration (Figure
50.3a):
– facilitates dose titration;
– standardized volume regardless of age and size;
– facilitates administration after acute trauma.62
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� Management of breakthrough pain, for example
the rapid optimization of analgesia should be
facilitated by the prescription of bolus doses
and increased infusion rate if appropriate.
If pain remains unrelieved despite the prescribed
interventions, the acute pain team and surgical
teams should be notified to review the analgesic
technique and to exclude surgical
complications.

� Postoperative nausea and vomiting: its effective
management may be delayed considerably if the
antiemetic drug prescribed postoperatively was
ineffective or not prescribed at all. Prior to the
introduction of an algorithm to manage
postoperative nausea and vomiting, the following
illustrative example was a common scenario. A child
would return from theatre and vomit. No antiemetic
was prescribed. The ward nurse would call a junior
doctor on-call after hours who was busy and unable
to attend immediately. The doctor was not familiar
with the patient and not prepared to give a phone
order. On attendance, an antiemetic was prescribed
and eventually administered. This was ineffective.
The cycle would resume or the nurses would
readminister the same antiemetic that had been
ineffective when it was due again. Prescribing
several antiemetics to be administered in an order
decided upon by the anesthesiologist (Figure 50.4)
facilitates more rapid control of postoperative nausea
and vomiting, overcoming the delays outlined above
and reducing the risk of side effects from the
repeated administration of an antiemetic that has
clearly been ineffective.63, 64 In addition, if
postoperative nausea and vomiting persist after
trying a number of antiemetics, medical review is
encouraged.

� It has been suggested that a visual analog scale (VAS)
pain score above 3 be promptly treated.65 This
approach lends itself to algorithm management,
although it does not take into consideration
interindividual variability and patient satisfaction. An
alternative and preferable approach is to ask the
patient if they desire an intervention to improve
analgesia.

DISCHARGE ADVICE AND FOLLOW-UP

Written discharge advice for parents is desirable to inform
them what analgesia should be administered after hospital
discharge, when to give it, how to obtain it, where to
obtain further prescriptions if required, and what to do if
pain relief is inadequate.

Specific discharge advice regarding potential compli-
cations following major regional techniques and their
symptoms should be given to parents and the family
general practitioner should also be notified. A discharge
letter for the general practitioner should also include the

postoperative analgesic plan following major procedures
where children are likely to require analgesia for some
time, facilitating its prescription.

Phone follow-up with the child and their family after
major procedures where oral opioid titration is required
after hospital discharge, for example after scoliosis
surgery, is good practice.

Administrative aspects relating to clinical
service delivery

CHOOSING PAIN ASSESSMENT SCALES

Age and cognition appropriate pain assessment tools
must be used (see Chapter 38, Pain assessment in chil-
dren). A multitude of pain assessment tools exist.66 It is
important to standardize the tools used within any
institution to facilitate staff proficiency in their use.

CHOOSING ANALGESIC TECHNIQUES AND DRUGS

Nursing staff competency, the nurse:patient ratio, and the
availability of equipment and monitoring will determine
which analgesic techniques can be safely administered in
any given hospital environment.

There are an increasing number of opioids, non-
steroidal anti-inflammatory drugs (NSAID), and local
anesthetic agents available and suitable for systemic,
regional, and oral administration in children. It is pre-
ferable to limit the number prescribed routinely. The
likelihood of prescription and administration errors is less
when nursing and medical staff are familiar with drugs,
their dose, and route of administration. There is also the
potential to reduce costs by decreasing the workload for
the hospital pharmacy and negotiating discounts with
pharmaceutical companies.

PROTOCOLS AND GUIDELINES

Clear dosage, prescription, administration and monitor-
ing protocols, and guidelines must be published for
available analgesic therapies. These should include which
patient observations should be monitored, how these
should be recorded, and their frequency for various
modalities. The nurse:patient ratio, the availability of
monitoring, and staff competency will also influence in
which ward environment specialized analgesic techniques
can be utilized safely.

Guidelines should standardize the dose prescribed, the
dilution and volume of drugs, and the delivery system
and its labeling. They should include reference to the co-
prescription of medications with the potential for inter-
action, such as benzodiazepines and opioids. Protocols
and guidelines should be reviewed annually.
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Figure 50.2 (a) RCH acute pain service referral form. This serves to summarize the anesthetist’s intervention intraoperatively, what

analgesia has been prescribed postoperatively, and functions as a referral form satisfying the Health Insurance Commission’s

requirements (continued over).
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Figure 50.2 RCH acute pain service referral form (continued). (b) The reverse side serves as the Acute Pain Service paper record of

daily visits to the patient.
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Figure 50.3 RCH intermittent intravenous morphine bolus administration chart. This was designed to facilitate the timely

administration and titration of effective analgesia in situations such as drain tube removal or the initial management of acute trauma

pain. Note the prescription for naloxone and the capacity to use the order on more than one occasion to treat intermittent procedural

pain (continued over).
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Figure 50.3 RCH intermittent intravenous morphine bolus administration chart (continued).
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Figure 50.4 RCH postoperative nausea and vomiting chart. This chart was designed to overcome barriers to the timely administration

of antiemetics such as the availability of an alternative prescribed antiemetic should one be ineffective, variability in prescribed doses,

the unpredictable availability, willingness and knowledge of ward residents to prescribe antiemetics when required (continued over).
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Figure 50.4 RCH postoperative nausea and vomiting chart (continued).
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CHOOSING AND MANAGING EQUIPMENT

Pumps for intravenous continuous or intermittent infu-
sion should be standardized throughout the hospital to
reduce the potential for programming error. Some pumps
allow programming of named drugs that comply with the
local hospital dilutions and administration guidelines. The
decision regarding which pumps to purchase is best made
together with the hospital bioengineering department.

Pumps for epidural or regional local anesthetic infu-
sions should be distinguishable from intravenous infusion
pumps with distinctly colored tubing to reduce the like-
lihood of inadvertent connection to an intravenous
cannula.

An adequate number of pumps must be purchased.
Consideration must be given to repair and maintenance
of pumps that necessitate them to be taken out of service.
It is important to identify whose responsibility it is, and
where disused pumps must be returned to, in order to
effectively manage the equipment pool. Logistics systems
can be employed to keep track of equipment whereabouts
and availability.

PERSONNEL

The administrative aspects, clinical workload, and the
complexity of medical and surgical conditions treated
necessitate adequate staffing, office space, and equipment.
The principal objective is to create a capable team that
can work well together and be entrusted to provide a
comprehensive clinical service and fulfill its adminis-
trative, quality improvement, and research responsibilities
and activities.

CORE STAFF (EMPLOYED BY THE PAIN MANAGEMENT
SERVICE)

Director of pediatric pain management

A director of pediatric pain management should be
appointed to provide leadership, coordinate and be
responsible for service provision. As with any leadership
role, consideration should be given to leadership and
management training and succession planning.

Core acute pain management staff should be respon-
sible to the director whilst the resources of others could
be utilized as needed.

Anesthesiology and pain medicine

The anesthesiologist is ideally placed to lead an acute pain
service because of their training and understanding of
pharmacology and pain management techniques, their
relationship with surgeons and ward nurses, and their
technical ability to perform specialized analgesic techni-
ques. The anesthesiologist’s perspective on perioperative
care is helpful, starting preoperatively when the decision
to employ specialized analgesic techniques is made after

discussion of the risks and benefits, and continuing
through to the intraoperative and postoperative periods,
when these are implemented.

Communication with other anesthesiologists is easier,
facilitating individual feedback when insufficient analge-
sia has been prescribed or complications from analgesia
arise. Furthermore, anesthesia department morbidity
and mortality meetings provide an opportunity to raise
concerns amongst peers and discuss complications.

In many countries, only medical practitioners can
prescribe drugs. In addition, knowledge of medical and
surgical complications, withdrawal syndromes, and spe-
cialized analgesic techniques is essential. Involvement in
an acute pain service provides trained anesthesiologists,
and those in training, with an opportunity to follow-up
patients postoperatively, assess the quality of analgesia
initiated intraoperatively, and an appreciation for what
analgesia is required after each surgery and its duration.

Nursing

Nursing staff can lead clinical service provision, provide
education, and advocate and deliver quality patient care.67,
68 Furthermore, there are economic advantages. Some
countries have developed nurse practitioner/advanced
practice nurse roles and these nurses can prescribe a lim-
ited range of drugs.

Secretarial

Adequate secretarial support is necessary.

CORE STAFF APPRAISAL

Job satisfaction is paramount to provide excellent service,
encourage innovation, research, and good staff morale.
Staff appraisal gives each staff member the opportunity to
voice any issues, ideas, and criticisms they may have, and
allows their manager an opportunity to air and resolve
issues and discuss staff development and aspirations.
Many hospitals have structured formats to aid conducting
appraisals.

Adequate provision must be made to share the clinical
workload and perform administrative duties to avoid staff
burnout. Professional development must be supported
and adequate provision for leave (annual, sickness,
maternity, paternity, study, conference, and sabbatical
leave) should be made. Adequate staffing should be
planned for as the workload increases.

NONCORE STAFF WHOSE SERVICES CAN BE ACCESSED
WITHOUT BEING EMPLOYED BY THE PAIN MANAGEMENT
SERVICE DIRECTLY

Pharmacists

A good working relationship with the pharmacy depart-
ment is helpful. Many advantages are apparent including
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the economical choice of drugs, ensuring drug availability
in the hospital and on wards, the establishment of hos-
pital-wide analgesia guidelines, the participation in hos-
pital staff, child and parent education, and the
standardization of available preparations when available
in different concentrations, for example oral paracetamol.

Psychologists

Psychological support is often neglected in the setting of
acute pain service provision. Children may have post-
traumatic stress disorder following accidents, burns, and
poorly managed procedural pain.69, 70[III] Pain itself may
cause anxiety, fear, and depression.

It is extremely important to address issues relating to
some children perceiving pain as punishment.

Concurrent issues may benefit from counseling, for
example parental separation. In adults, relaxation train-
ing, procedural information, cognitive coping methods,
and behavioral instruction have been shown to improve
pain intensity and reduce analgesic consumption.71

Child life specialists, play therapists, and music
therapists

Nonpharmacological strategies can diminish the pain
experience.72[III]

IT support

This is required to establish, maintain, support, update
and upgrade databases, online competencies, and
websites.

Accounting

In some centers, billing for services provided is necessary
to maintain the viability of the service. Some centers are
required to submit business plans.

Education

NURSING

Teaching hospitals affiliated to schools of nursing or
universities employ educators who, in conjunction with
pain service staff, can devise a curriculum for under-
graduate and postgraduate pediatric nurses. Education
packages should be delivered prior to undertaking com-
petency assessment. Attending acute pain service ward
rounds and pain clinics provides valuable practical
experience.

Pain resource nurse programs

The pain resource nurse program requires the more
intense training of a select number of nurses from each
surgical ward who then function as a resource that other
nurses can call upon for pain management advice.68 This
type of program inspires confidence in nurses’ ability to
manage and troubleshoot pain management issues,

reduces the number of calls to an acute pain service, and
encourages nurses to improve specific pain management
practices on their ward whilst providing practical
experience otherwise unavailable.

Competencies

Existing and newly employed nursing staff should
undergo annual competency assessment that reinforces
the need for pain assessment, its documentation, and
treatment.

At the Royal Children’s Hospital in Melbourne, an
online secure system has been developed that can be
accessed by nursing staff from any computer terminal
connected to the intranet. This system is:

� convenient – allows completion of part or whole of
each nursing competency package at any time;

� time and labor saving – competency package is
marked online;

� efficient – automatic feedback reports to acute pain
service and area unit managers which staff have or
have not completed their competency package;

� confidential – nurses are each provided with a
unique access code.

Separate competency packages have been designed for
intravenous opioid, epidural and regional analgesia, and
nitrous oxide administration.

MEDICAL

A pediatric pharmacopoeia that details analgesic drug
dosage should be distributed to junior doctors.

New junior medical staff usually commence work at
predictable times of the year. Orientation for these staff
should include information on pain assessment and its
management within the institution. Orientation provides
an opportunity to explain the hospital’s commitment to
pain management, what the pain service does, and how to
contact them.

Anesthesiologists in particular must appreciate what
postoperative analgesia is required to decide what
analgesia is administered intraoperatively and prescribed
postoperatively for any given surgical procedure. Atten-
dance on the daily acute pain service rounds provides
invaluable experience and opportunity to observe and
document adverse outcomes that might otherwise not
reach their attention.

Ideally, senior medical and surgical staff should also
receive education regarding pain and its management. In
large hospitals, this can be difficult to achieve due to the
busy schedules of senior staff. However, new appointees
could receive this information as part of an orientation
package, familiarizing them with the resources available
and the culture of the organization regarding pain
management.
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PHYSIOTHERAPISTS

Educating physiotherapists regarding the timing of and
administration of analgesia prior to physiotherapy has the
potential to reduce movement-related pain and facilitate
rehabilitation. Communicating analgesia issues to the
acute pain service should be encouraged.

PARENTS AND CHILDREN

Preoperative education regarding postoperative pain, how
it will be managed, what to do if analgesia is inadequate,
and what resources are available to manage pain should
be communicated to parents and children. This infor-
mation can be reinforced through the provision of child-
friendly and age-appropriate information leaflets
explaining analgesic techniques for children and infor-
mation leaflets for parents that include potential risks and
benefits.

QUALITY IMPROVEMENT AND RESEARCH

It is essential to periodically assess whether the acute pain
service is providing a satisfactory service to identify its
strengths and weaknesses and strategies for future devel-
opment and improvement.46 Opinion should be sought
from hospital staff, parents, and children.

The provision of an acute pain service does not ensure
that all patients are receiving optimal analgesia, that
analgesia is adjusted and titrated as required, or that
patients and/or their parents are satisfied with the service
they receive. One must differentiate between the advan-
tages of the analgesic techniques themselves and those
conferred by the increased specialist supervision and
education provided by the dedicated staff of an acute pain
service.73

Audit

Audit is essential to monitor and maintain standards in a
clinical service. A cumulative sum technique has been
described to monitor the performance of an acute pain
team, in particular the failure rate of epidural analgesia, in
a teaching hospital environment.74 This type of analysis
can be incorporated into a database, generating regular
audit cycles and systematically identifying unexpected
deviations in local practice. Auditing of calls after hours
may help identify the need to change staffing practices as
the pain service gets busier.

The following can be used as benchmarks for quality
assurance:

� documentation of pain and sedation scores;
� variability of analgesic prescription by doctors –

prescription of mediocre, but not overtly dangerous
analgesia may identify need for targeted education;

� audit of nurse competency assessment completion;
� parent and child satisfaction surveys which may

include promptness of response to complaints of
unrelieved pain.

Databases

Databases can be time-consuming and costly to design,
and data entry is labor-intensive regardless of whether
information is recorded prospectively at the bedside using
palm-held devices or retrospectively at a desk. Establish-
ing what information an acute pain service wishes to
extract from the database will determine which fields need
to be included and how the information should be
entered to enable meaningful results from a query. It is
easy to record too much and irrelevant information in a
format that will not provide meaningful data later or that
will never be used. The more labor-intensive it is to
record and enter data, the less likelihood of compliance in
completing each field. Box 50.1 outlines further benefits
of establishing a database.

Significant advantages exist in combining data from
various centers. The French-Language Society of Pediatric
Anesthesiologists published data from a one-year pro-
spective survey that demonstrated a low complication rate
following regional techniques in children; 51 percent of
their membership responded.78[IV] The UK National
Paediatric Epidural Audit is an initiative whereby all
pediatric hospitals prospectively record the same data for
all children receiving epidural analgesia and submit these
to a nominated coordinating center that collates data.
Data were collected from over 10,600 patients over five

Box 50.1 Benefits of establishing a
database for an acute pain service

An acute pain database can be used to:

� record acute pain service activity;
� audit analgesia use and its complications;

74

� document side effects and establish their
incidence;

75

� assess changes in the incidence of side effects
and complication after the introduction of new
initiatives;

76

� document outcomes;
76

� document staff, parent, and child satisfaction;
� generate active patient lists to facilitate

handover and review by afterhours staff;
� generate patient accounts;
� store information as part of computerized

patient record;
77

� facilitate time-efficient and useful data
extraction.
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years, that can be used to establish the incidence of rare
complications and facilitate benchmarking between
institutions.79

FREQUENT FLYER CONCEPT

Some children and adolescents undergo multiple surgical
procedures. Implementing an alert system whereby
patients attending frequently have recorded details of
previous analgesia problems77 encourages better pain
relief by avoiding:

� medications that may not work (e.g. codeine);80

� techniques that have not worked (e.g.
radiographically demonstrated epidural septum
resulting in unilateral analgesia);

� medications associated with side effects in that
patient:
– for example pruritis with morphine but not with

fentanyl;
– opioid analgesia causing severe constipation.

Adverse events

An adverse events reporting system should be established.
Adverse events including prolonged inadequate analgesia;
side effects and complications should be discussed in
regular morbidity and mortality meetings with a view to
identifying why a problem occurred and how it may be
prevented from recurring.

Complaints

Complaints and comments regarding the pain service
should be acknowledged and investigated.

HOW TO ESTABLISH AND PROVIDE AN ACUTE
PAIN SERVICE

Institutional support

Institutional support is less likely to be a barrier to
establishing an acute pain service in some countries, for
example the USA where accreditation of each hospital is
based on the institution’s compliance with JCAHO pain
management guidelines.19

In other countries, national guidelines may exist
but do not compel individual hospitals to provide an
acute pain service. It is important to raise awareness
of the importance of providing a pain service at the
highest level within the hospital (Chief Executive Officer
(CEO)), to ensure institutional commitment to children’s
pain management. Obtaining funding, resources, and
establishing institutional pain management guidelines

will be very difficult without this high-level institutional
support.81

System of governance

Clearly established systems of governance ensure that
responsibility for the pain service rests with individuals
appointed to manage the institution. Problems en-
countered can be communicated to the next level of
management (Figure 50.5).

In establishing an acute pain service and its govern-
ance, it is important to consider whether the primary
responsibility for the provision of analgesia rests with the
acute pain service or with the primary team responsible
for the patient’s management.

A team of healthcare providers whose role within a
hospital is solely the assessment and management of pain,
will develop specialized knowledge and clinical acumen
that is beyond the scope of pre- and postgraduate medical
and nursing curriculums.

This is not always feasible. In smaller hospitals, private
hospitals, and in pediatric hospitals with limited resources
and where surgeons, pediatricians, and anesthesiologists
visit sporadically, the clinician under whom the patient is
admitted takes responsibility for prescribing analgesia.7, 82

Ward nurses and doctors

Ward nurse manager

Clinical nurse consultants

Anesthesiologists

Pain medicine specialists

Acute pain service director

Anesthesia department director

Nursing, medical, and surgical division directors

Hospital CEO

Hospital board

Figure 50.5 Pain service governance.
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In smaller organizations

In smaller organizations, one person (e.g. the director of
nursing) should be appointed to assume responsibility for
appointing a multidisciplinary committee (that could
comprise nursing staff, surgeons, anesthesiologists, phar-
macists, and pediatricians) that delegates responsibility for:

� obtaining information from external sources
(guidelines, protocols);

� regular pain assessment and its documentation
utilizing appropriate pain assessment tools;

� disseminating hospital guidelines after
multidisciplinary committee deliberation;

� quality improvement;
� regular review of guidelines and protocols.

STAFFING

The full-time or sufficient part-time employment of
anesthesiologists or pain medicine specialists is not fea-
sible in many hospitals due to either financial con-
straints83 or the sporadic attendance of doctors that are
renumerated by private insurers rather than the hospital.

Several models have been described and shown to be
effective, including pain services led by surgeons in Ger-
many,84 nurses and clinical pharmacists in community
hospitals, and large referral centers in the USA.21, 24, 85

[IV] It is important to consider that some children, often
those with pain unrelated to surgery, consume most of
the pain physician’s time.86

Goal-orientated approach

The list of tasks and responsibilities of an acute pain
service outlined above can only be achieved with adequate
staffing and financial support. Each hospital should
identify and prioritize their objectives according to their
pediatric case load and specify realistic timelines to
achieve them. Box 50.2 lists the minimum requirements
that all hospitals should provide.

UTILIZATION OF EXISTING RESOURCES

Major centers are more likely to have resources to for-
mulate guidelines and protocols that can be adapted by
smaller hospitals in the same region subjected to the same
laws and regulations regarding prescription, nursing
care, etc. An acute pain service should be available to
advise community pediatricians, anesthesiologists, general
practitioners, and nurses regarding analgesia for children.

Establishing a pain service is time-consuming. Indivi-
duals asked to be involved should ensure that adequate
time is allocated for this purpose if existing resources are
utilized.

Existing guidelines, charts, and protocols from
other institutions can be adapted for use. The following
Internet links may be useful:

� pediatric pain assessment tools: www.medal.org (click
on pediatrics);

� pediatric pain protocols, policies, and pamphlets:
www.pediatric-pain.ca;

� pediatric pain protocols and charts (PCA, opioid,
ketamine, and regional infusions): www.rch.org.au/
anaes/pain.

PROCEDURAL PAIN MANAGEMENT

Painful medical procedures are performed every day and
throughout a hospital by a wide range of staff with varied
experience and knowledge regarding pharmacological
and nonpharmacological pain management. Repeated
attempts at intravenous cannulation on a single occasion
or repeated procedures over time, such as intramuscular
botulinum toxin injections for children with cerebral
palsy or lumbar puncture and bone marrow aspiration in
children with cancer, are distressing and traumatic for the
child and their parents, and more so if physical restraint is
required.52[IV] The effective management of procedural
pain is important to minimize distress at the time and to
reduce the likelihood of adverse long-term psychological
consequences and hospital and needle phobia.87 Poor

Box 50.2 The minimum provisions by an
acute pain service applicable in any
hospital that treats children

� Regular pain assessment and its documentation
(fifth vital sign).

� Institutional agreement regarding which pain
assessment tools to use.

� Analgesia guidelines and algorithms to ensure:
– safe prescription of adequate analgesia;
– assessment of pain treatment and timely

revision if necessary;
– discharge analgesic medication and parent

education.
� Equipment to administer prescribed analgesia.
� Nurse education (pain assessment, preoperative

education regarding unrelieved pain, and
analgesia).

� Nursing competency regarding pain assessment
and management.

� Education of anesthesiologists, surgeons,
pediatricians, and ward doctors (analgesia
prescription).
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procedural pain management may diminish the effect of
adequate analgesia in subsequent procedures.88[IV]

In order to identify the organizational changes that
need to take place, it is important to understand why
procedural pain continues to be poorly managed in many
hospitals.

In a review of pediatric pain management at the Royal
Children’s Hospital in Melbourne, 454 staff members
were interviewed. Many staff commented on the ‘‘culture’’
of the hospital with reference to:

� an unchanging culture – whereby the tendency for
beliefs and practices to prevail for long periods
legitimized inadequate pain management;

� the ‘‘Nike’’ or ‘‘just do it’’ culture – whereby time
constraints (often due to inadequate planning) or a
perception that there was no alternative resulted in
the use of forcible physical restraint to perform
procedures;

� the ‘‘don’t ask’’ culture – whereby junior medical
staff perceived a culture against asking for help from
senior or more experienced colleagues.

A number of barriers to improving care were identified
including:

� variability in practice – both nursing and junior
medical staff identified that variability of beliefs and
practices amongst senior medical staff influenced
procedural pain management;

� outmoded beliefs – that included notions that infants
do not feel pain in the same way as adults, that
children forget pain, that children are distressed and
anxious rather than in pain, and that the risks
associated with analgesia outweigh the benefits of
effective pain management;

� inadequate knowledge and skills with regards to
optimization of pharmacological and
nonpharmacological options;

� inadequate time – this included insufficient time to
prepare children and their parents for procedures;

� insufficient resources.

Changing the culture of an organization requires support
of its leadership. The stated support of the CEO and
financial support to employ a Project Officer to improve
procedural pain management have led to a growing
awareness amongst staff of the institution’s commitment
to change.

Parental empowerment can also drive organizational
change. Described as a media and health system-wide
campaign directed towards improving pain management
for children during all phases of illness or injury, The
Children’s Hospital of Wisconsin developed a program
called ‘‘The Comfort Zone’’ that resulted in a number of
improvements in pain management. An important con-
cept was the pledge by the hospital and therefore an

expectation of hospital staff to provide effective pain
management. Another early initiative was ‘‘The Ouchless
Place,’’ an innovative program established at the St Francis
Hospital and Medical Center in Hartford, Connecticut, a
community hospital with a small pediatric inpatient unit,
that demonstrated effective procedural pain management
is achievable in smaller hospitals.89 Isolated islands of
informed practitioners can drive reform and advocate for
their patients. The challenge however, lies in isolating
recalcitrant practitioners who hold on to outmoded
beliefs to the detriment of children under their care. Both
‘‘The Comfort Zone’’ and ‘‘The Ouchless Place’’
empowered parents to advocate for their child’s comfort.

A project officer was appointed at the Royal Children’s
Hospital to oversee, coordinate and implement proce-
dural pain management initiatives after it became clear
that the work required was too great to be added to
existing busy clinical work schedules. Through organiza-
tional support and commitment, staff, parent and child
education, establishment of hospital guidelines by
multidisciplinary committees for sedation, and pharma-
cological and nonpharmacological procedural pain
management and their implementation, a tidal wave is
sweeping the organization driving improvements and
cultural change.

Procedure specific guidelines outlining acceptable
management for example intravenous cannulation reflect
the multiple recommendations.

� Topical local anesthetic cream should be applied one
hour prior to intravenous cannulation:
– in a region where veins are clearly visible to a

nurse;
– or by the proceduralist themselves if the veins are

not immediately obvious.
� Nonpharmacological techniques including

positioning for comfort, distraction, and parental
coaching should be employed wherever possible.
Sitting the child on a parent’s lap allows the child’s
arm to be placed behind the parent’s back, so that
the child can be distracted whilst intravenous
cannulation is painlessly performed out of their
direct line of sight.

� Thoughtfulness regarding the anxiety provoking
performance ritual – preparing needles and syringes
in front of the child and over-zealous skin
preparation prior to intravenous cannulation
heighten the child’s expectation that something
terrible is about to happen.

� Each proceduralist is allowed a finite number of
failed attempts at cannulation before calling upon
more senior staff to help out.

Recalcitrant healthcare providers will stand out; quality
assurance and adverse event reporting of inadequate pain
management for procedures will force a response that
may require individual counseling and education.
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PERSISTENT PAIN

Whereas most, if not all, hospitals that treat children
should have an acute pain service, the management of
children with persistent pain is:

� multidisciplinary;
� labor-intensive;
� preferably managed outside of the acute hospital

environment;
� involves smaller numbers of patients;
� requires specialized skills.

Children referred for management of persistent pain fall
into three broad categories:

1. persistent pain with no clear diagnosis from
clinical examination and investigations, for
example recurrent abdominal pain;

2. persistent pain with identifiable pathology, for
example hip pain in children with cerebral palsy;

3. sympathetic maintained or neuropathic pain.

The role of persistent pain clinics includes the diagnosis
and management of the presenting pain complaint and the
functional disability that commonly results. Children will
often have undergone assessment, multiple investigations,
and treatment prior to referral;90 those in whom pain
persists are then referred. Some adolescents by this stage
have ‘‘retired from life,’’ avoiding school and social activi-
ties with their peers. The complexity of persistent pain
in childhood mandates comprehensive multidisciplinary
assessment and treatment (see Chapter 44, Chronic pain in
children, in the Chronic Pain volume of this series).

An interdisciplinary model in which a team of diverse
specialist healthcare providers integrate information
about the child and their family, and jointly develop a
comprehensive treatment plan, affords synergistic benefits
over a multidisciplinary approach with serial involvement
involving the same disciplines.91

The interdisciplinary approach acknowledges that
persistent pain in childhood and adolescence may be
caused, contributed to, and maintained by a diverse range
of biopsychosocial factors. Elucidating their relative
contribution helps formulate an integrated, individua-
lized goal-orientated treatment plan that, delivered with
intensity, constitutes a therapeutic tidal wave.

Some key differences exist between persistent pain and
its management in adults and children providing
opportunities for intervention.

� Parents and schools are usually motivated to be
included in the treatment plan.

� The school year provides useful incentive for health
care providers, children, and their families if children
are to pass the school year along with their peers.
Staying down a year can be detrimental to self-
esteem and make the child vulnerable to teasing.

Referrals

In Australia, only medical practitioners can refer patients
to medical specialists. This is advantageous because:

� the referral is made by the doctor coordinating that
child’s medical care;

� the child may already be under the care of one or
more practitioners from disciplines that comprise the
multidisciplinary pain team. There is potential:
– to overwhelm the child and family with

appointments;
– that therapists may undermine each others work.

Who should be involved?

TEAM GOVERNANCE

A director of the multidisciplinary team must be
appointed to oversee the administrative aspects that may
include:

� seeking adequate funding for clinical service
provision including secretarial and receptionist
support;

� seeking adequate consulting and office space;
� coordination and triage of appointments;
� establishing a booking system that minimizes

disruption to schooling and family commitments;
� coordinating staff leave;
� facilitating communication within the team and with

medical practitioners, including general practitioners
and specialists, other healthcare providers, and
schools.

MEDICAL PRACTITIONERS

It is important for the therapists, the child, and their
family that any hitherto undiagnosed treatable condition
that may be responsible for persistent pain has been
excluded. Some parents are clearly unhappy about the
explanations offered so far (often a problem of commu-
nication or compounded by the accusation that the pain
‘‘is in their child’s head’’) or harbor lingering suspicion
that doctors have missed an organic problem responsible
for their child’s pain. Encouraging self-efficacy to manage
persistent pain is contrary to, and undermined, by spe-
cialists who continue, ‘‘for the sake of completeness,’’ to
serially order further investigations they do not really
believe will reveal a cause for the pain complaint.

In organizing interdisciplinary team composition, a
balance must be struck between involving too many
subspecialties and inefficient use of their resource and the
benefits of a broad knowledge base. The pain medicine
physician has comprehensive knowledge of pain assess-
ment, diagnosis, and treatment whilst other specialists
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can provide complementary specific and specialized
diagnostic skills.

Interdisciplinary pain assessment is a scarce and time-
consuming resource. A triage system has worked well at
the Royal Children’s Hospital in Melbourne whereby
children with recurrent headaches, for example, first
consult a neurologist who then refers the child to the pain
clinic if required. By the time the child is seen in the pain
clinic:

� appropriate investigations will have been performed
and their results available;

� parents have been reassured sinister causes such as a
brain tumor are not responsible for their child’s
symptoms;

� multidisciplinary treatment can be started
immediately.

Thus, not all children with headaches are referred to the
clinic, effectively reducing the waiting times for initial
assessment whilst selecting those who may benefit most
from the pain program.

An alternative would be to include a neurologist or
neurosurgeon as part of the interdisciplinary team. The
limited availability of medical and surgical specialists to
assess the child and to attend team meetings make it less
likely for this to work in the Australian system.

Including a child and adolescent psychiatrist as part of
the team is, on the other hand, useful. We have found
their input invaluable in assessing and treating depres-
sion, anxiety, and other conditions such as Asperger
syndrome. The psychiatrist works closely together with
the psychologist in an advisory capacity and to provide
individual and family therapy when required.

PSYCHOLOGIST

A psychologist is an essential team member. Individually
they coordinate behavioral programs, conduct learning
assessments, and teach children coping skills to deal with
family and peer issues such as bullying at school. They can
devise and implement strategies to optimize the school
and family environments.

PHYSIOTHERAPISTS

A physiotherapist possesses diagnostic and treatment
skills that can be effective for the primary problem that
has resulted in pain as well as addressing secondary
deconditioning.

OCCUPATIONAL THERAPIST

An occupational therapist assesses fine motor skills and
ergonomic issues such as school desk, chairs, and lighting,
establishes goal setting for individual patients and, in our

institution, provides pain education for children and their
families and relaxation training.

NURSES

In some pain clinics, nurses are employed to respond to
calls from patients and their families regarding medica-
tion or other issues and to coordinate the clinic.

How the staff should be employed

Utilizing the services of the therapists available through
the hospital may help initially establish a pain clinic.
Competing demands for therapists’ time, however, makes
it difficult to provide coordinated care. Many pain clinics
now employ the therapists ensuring their availability for
pain clinic assessment, treatment, and meetings.

Staff selection

Treating children with persistent pain and their families
requires therapists who are motivated to treat this
population. They must be capable of being firm, com-
passionate, clear communicators and above all able to
function within a team environment.

Practical issues

The process at the Royal Children’s Hospital in Mel-
bourne is described below to illustrate some important
points.

INITIAL ASSESSMENT

Each child is accompanied by one or both parents to the
initial assessment. The child and their parent(s) are seen
by a:

� pain physician;
� psychologist and psychiatrist jointly;
� physiotherapist and occupational therapist jointly.

The above then meet as a team outlining the relevant
history, examination findings, and investigations before
jointly formulating a treatment plan. A case manager is
appointed who is responsible for making future appoint-
ments. The case manager is also the person that the family
contact if the need arises. The pain physician then meets
with the child and their parent(s) to present the team’s
findings and suggestions. The pain physician then writes to
the referring doctor summarizing the assessment findings
and outlining the treatment plan. Copies of this letter are
forwarded to the referring doctor, general practitioner, and
other relevant healthcare providers.
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FOLLOW-UP APPOINTMENTS

An important treatment goal is to restore normal func-
tion, including school attendance. The case manager
coordinates interdisciplinary team follow-up appoint-
ments to occur on the same day and, where possible, after
school.

TEAM COMMUNICATION

The team meets regularly to discuss each child’s progress.
Treatment goals are reset as necessary. Each team member
summarizes their involvement.

DISCHARGE

Once treatment goals have been achieved, the child is
discharged from the clinic and referred locally for com-
munity services if necessary. A discharge summary letter
is sent to the referring doctor, the general practitioner,
and other relevant healthcare providers.

CANCER PAIN

Children with cancer pain may experience acute pain,
persistent pain, and procedural pain (see Chapter 25,
Pediatric cancer pain in the Cancer Pain volume of this
series). Integrating pain services into pediatric oncology
seems logical.92 On the other hand, singling out children
with cancer may be seen to trivialize the pain experiences
of other children with lifelong conditions necessitating
frequent operative and procedural intervention such as
those with cerebral palsy or cystic fibrosis. Hospital pro-
grams to identify children with a pain-sensitive tem-
perament could help target those most in need of early
intervention.93

LESSER DEVELOPED COUNTRIES

The large proportion of the world’s children and adoles-
cents live in lesser developed countries where analgesic
drugs and basic medical care are limited or simply
unavailable. Local barriers include political instability,
corruption, warfare, distance and isolation, the avail-
ability and cost of medication, opioid-phobia, and cul-
tural practices that involve the mutilation of children,
often without anesthesia or analgesia. The considerations
outlined earlier in this chapter are different in these
populations.94

The relief of pain in children and adolescents in lesser
developed countries should be considered important by
governments and relief and aid organizations. Non-
pharmacological pain strategies can be taught and
implemented for little cost, whilst nonexpensive opioid

analgesics such as morphine should be made available to
relieve acute and cancer pain. To achieve change, local
doctors who can influence policy and practice must be
persuaded of the benefits of providing good analgesia.

Initiatives such as sponsoring delegates from lesser
developed countries to attend conferences for pediatric
pain, such as the triennial ISPP meeting, could help
generate enthusiasm. The Society of Paediatric Anaes-
thesia of New Zealand and Australia (www.spanza.org.au)
sponsors a delegate from a lesser developed country to
attend its annual scientific meeting each year with good
results, fostering the potential for collaboration with
established centers.95
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KEY LEARNING POINTS

� Pain should be considered the fifth vital sign, in

addition to pulse, blood pressure, core temperature, and

respiration.
� One of the best assessment methods of pain is the

patient’s self-report of pain, measured unidimensionally as

pain intensity, or multidimensionally (e.g. functional status

and psychosocial well-being, in addition to pain intensity).
� The biopsychosocial model of pain posits an interaction

among physiological, psychological, and social factors;

each of these factors play a role in exacerbating and

perpetuating the experience of pain. The interactions

among these factors become more complex, and harder

to treat, as pain progresses from the acute to the

chronic stage.
� Multidisciplinary pain management is the best

evidence-based model for treating pain, and has

demonstrated improved treatment outcomes and is

significantly more cost-effective compared to single

discipline treatment modalities.
� Levels of care for pain can be divided into three

broad categories (primary, secondary, and

tertiary care), differentiated by the patient’s

level of physical deconditioning and psychosocial

comorbidity. Within each level of care, a psychosocial

component is required, varying only in intensity of

intervention that increases from primary to tertiary

care.
� Increased efforts on education about the efficacy

and cost-effectiveness of multidisciplinary pain

management are required for personnel at all

levels within healthcare organizations and delivery

systems.

INTRODUCTION

Pain is the most commonly reported symptom in the
primary care setting, and has been estimated to account
for more than 80 percent of all visits.1, 2 Healthcare
costs related to back pain alone was estimated at upwards
of $90 billion in 1998.3 The experience of pain is now

known to be associated with several other factors, includ-
ing psychopathology (such as depression and anxiety),
poor occupational and psychosocial functioning, and
lower quality of life in general. Such factors play a major
role in indirect costs, such as lost productivity, greatly
increasing the total costs related to pain in an exponential
manner.1, 4



Due to the major impact of pain on the healthcare
system, as well as its related socioeconomic costs, greater
attention and resources have been devoted to under-
standing pain and its related impact on patients as well as
the healthcare system. The importance of pain treatment,
research, and control is underscored by the International
Association for the Study of Pain’s (IASP’s) declaration of
the Global Year Against Pain, with the year from Sep-
tember 2006–October 2007 declared as IASP’s Global Year
Against Pain in Older Persons. In the United States, the
106th Congress passed H.R. 3244, signed into law by
President Clinton, declaring the Decade of Pain Control
and Research starting from January 1, 2001.5 In addition,
the Joint Commission on Accreditation of Healthcare
Organizations (JCAHO) has issued guidelines requiring
that pain be considered the fifth vital sign, in addition to
pulse, blood pressure, core temperature, and respiration.6

As a result, several clear guidelines have emerged on
how pain fits within healthcare delivery systems and
organizations.

Given the importance of the role pain plays within
clinical settings, attention to pain should be a part of
every level within healthcare systems. The clinical focus
would be differentiated by levels of care depending on the
severity of patients’ pain symptoms and the extent of
physical and psychosocial comorbidity. The first step
would of course be a reliable, and preferably multi-
dimensional, assessment of pain and its related symp-
toms. Following assessment, relevant treatment can be
efficiently planned based upon Von Korff ’s7 stepped-care
framework to reflect the level of care required based on
pain symptom, extent, severity, and related comorbidity.
Central to both the assessment and the clinical inter-
ventions for pain is a firm understanding of the biopsy-
chosocial perspective of pain, and the process of
progression from acute to chronic pain. Thus, a review of
these and their underlying characteristics is warranted.

BIOPSYCHOSOCIAL PERSPECTIVE OF PAIN

The traditional focus on pain was based on the philoso-
phy of biomedical reductionism, which proposed a
mind–body duality. A consequence of this was that
medical assessments only focused on identifying a phy-
siological basis for pain. When none could be found, as is
the case with many chronic pain conditions, the pain was
attributed to psychological causes with no real basis for
treatment with the usual medical regimens. This duality
greatly diminished the understanding of pain symptoms
and their related phenomena, since pain often triggers
psychosocial responses, and, more importantly, these
psychosocial responses, in turn, affect how pain is
perceived.

When Melzack and Wall8 formulated their gate control
theory of pain, it was the first evidence-based model that
elaborated on a physiological basis for the role played by

psychosocial factors in pain perception.9 The biopsycho-
social approach to medicine was first formulated by
Engel,10 and it conceptualizes physical disorders
(including pain) as a complex interaction among phy-
siological, psychological, and social factors. Each of these
factors may play a role in exacerbating and perpetuating
the disorder; resulting in distress, maladaptive behavior,
and the adoption of a sick role. Since then, the biopsy-
chosocial approach has been applied in the research and
treatment of various disorders, including pain, and has
now replaced the biomedical reductionism paradigm.
This new paradigm has resulted in a greater under-
standing of pain and its related phenomena, but more
importantly it has provided an effective treatment model
for dealing with pain.

PROGRESSION OF PAIN

The progression of pain from acute to chronic is best
described by Gatchel’s11, 12 three-stage model. The acute
phase of pain is described in stage 1, and consists of the
normal reactions to pain, and serves as a protective
function that motivates the individual to reduce or
remove the pain, by seeking medical attention for
example. These responses of general psychological distress
include:

� fear;
� anxiety;
� worry.

Stage 2 of the model describes the situation in which pain
has persisted beyond the duration of what is considered
the normal healing period (two to four months), and
indicates the beginning of the development of a chronic
pain condition. This stage is marked by the exacerbation
of physiological and behavioral problems. The nature and
extent of the progression in stage 2 is dependent upon
preexisting factors, such as an individual’s personality and
psychosocial health, as well as socioeconomic and envir-
onmental conditions. Common symptoms observed
during stage 2 include:

� learned helplessness;
� anger;
� somatization;
� substance abuse;
� psychophysiological disorders;
� emergence of personality disorders.

Continued exacerbation and the feedback loop between
physiological and psychosocial symptoms eventually lead
to Stage 3 of the progression model. At this stage, the pain
is chronic in nature and is more strongly driven by psy-
chological factors and psychosocial barriers than it is by
any identifiable physiological problem. An individual at
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this stage will often develop the sick role, which is char-
acterized by:

� focus on pain;
� development of secondary gains;
� avoidance of responsibility;
� poor occupational and social functioning.

Understanding the progression of pain from acute to
chronic, and the underlying characteristics in each stage,
allows for reliable assessment and planning of treatment.
Furthermore, it highlights the importance of addressing
pain during the acute stage and preventing the compli-
cations of various complex and interacting factors found
in chronic pain conditions.

ASSESSMENT

Present guidelines in the United States require physicians
to document pain severity using a pain scale.6 These
self-report measures can be obtained using tools such as
a pain numeric rating scale or a visual analog scale.13

Such measures provide a number, usually ranging from 0
to 10, reflecting the severity of pain according to the
patient. Additionally, there are various multidimensional
measures, such as the McGill Pain Questionnaire14 and
the Brief Pain Inventory,15 that allow scaling of multiple
dimensions of subjective experience of pain and its
related impact on activities of daily living and fun-
ctional status.16 In addition to the measure of pain
severity, the JCAHO guidelines also require the following
assessments:

� pain described in patient’s own words;
� duration and location of pain;
� associated aggravating and alleviating factors of pain;
� present pain management regimen and its

effectiveness;
� effects of pain;
� patient’s pain goal;
� physical examination.

The above guidelines constitute the assessment of pain
during an initial evaluation, and are applicable to both
malignant and nonmalignant pain, as well as across
treatment settings and levels of care.17 Clinicians
should also be able to assess pain in populations where
verbal communication or ability to provide numerical
ratings may not be possible. For example, facial expres-
sions in response to pain can be observed and scored
in patients from such clinical subpopulations, such as
children.18, 19

One crucial aspect of reliable assessment at the pri-
mary care level is the ability to determine the risk of acute
pain developing into a chronic pain condition for any
given patient. In addition to the unpleasantness

experienced by the patient, the complicated interactions
among the various factors characteristic of chronic pain
would require more healthcare resources for treatment,
thus increasing costs. Identifying high-risk patients allows
the clinician to administer early/preventative interven-
tions to prevent development of chronicity. Risk can be
determined using predictive algorithms based upon
multidimensional assessments of psychosocial function-
ing.20 The benefits of early intervention for pain condi-
tions in high-risk patients are well documented, resulting
in better occupational and functional outcomes in high-
risk acute low back pain patients,21 and reduced pain
levels and improved psychosocial functioning in high-risk
acute temporomandibular disorder patients.22 Addition-
ally, early intervention for acute pain patients (regardless
of risk) have also demonstrated better outcomes com-
pared to controls who had no early intervention. These
benefits include:

� improved occupational and functional outcomes;23, 24

� reduced risk for disability;25

� improved psychosocial well-being and quality of
life.26

Once a reliable assessment has been made, the appro-
priate level of treatment for the patient can be
determined.

LEVELS OF CARE

Levels of care are categorized into primary care, secondary
care, and tertiary care. This categorization reflects a
progressively increasing level of intensity in treatment
approach commensurate with the severity of pain symp-
toms and any comorbidity. In addition to treatment
intensity, this distinction among the three levels of care
also reflects the different types of biopsychosocial
approaches that need to be incorporated into the treat-
ment regimen.12

Primary care

In general, primary care is designed to efficiently deal with
pain of limited severity during the acute stage. The main
goals in primary care are to control the symptoms of pain
and to set the stage for adequate healing of the patho-
physiology to prevent deconditioning.27 Additionally, the
clinician should address any psychosocial barriers to
recovery, such as anxiety about the pain, by reassuring the
patient that acute pain is temporary and will soon be
alleviated. As mentioned earlier, pain is the most com-
mon symptom presented at the primary care setting. As
such, this setting is a crucial step in being able to identify
the extent of the problem and to provide referrals and
subsequent management of specialty care services beyond

656 ] PART IV ORGANIZATION OF MULTIDISCIPLINARY PAIN MANAGEMENT TEAMS



the primary care level. In order to better provide pain
management services within the primary care setting,
there should be efficient integration and coordination
between a psychosocial component and the traditional
primary care setting. One way to achieve this is by having
a clinical health psychologist as part of the primary care
team.17

A useful assessment and treatment model for pain in
the primary care setting is the stepped-care frame-
work developed by Von Korff.7 While Von Korff ’s
original conception of this model was developed for
managing low back pain in the primary care setting, it is
applicable to dealing with pain symptoms in general.17

This stepped-care framework consists of three steps of
progressively increasing intervention commensurate with
the severity of the presenting symptoms (including
comorbidity). Table 51.1 details the three steps in Von
Korff ’s model. Step 1 is the lowest intensity of treatment,
and is provided in complement to standard primary care
treatment modalities for pain control. This level of
treatment includes addressing possible psychosocial bar-
riers, such as anxiety about the pain, while offering
education and advice about self-care and resuming
activities of daily living. Step 2 of this framework is tar-
geted at patients who continue to suffer from pain six to
eight weeks after the initial episode of pain, and who start
demonstrating functional limitations and some psycho-
social barriers to recovery. Step 3 of this framework
addresses the complicated and interacting factors of
physical and psychosocial deconditioning in a chronic
pain patient.

It should be noted that steps 2 and 3 are analogous to
the distinctions of levels of care for secondary and tertiary
care interventions (to be discussed below under Second-
ary care and Tertiary care). Von Korff suggests a stratified
approach in order to match the patients to the appro-
priate level of care depending on symptom severity,
without necessarily requiring the patient to progressively
go through each step of the model.7 If a patient arrives at
a primary care setting demonstrating advanced physical
deconditioning and psychiatric comorbidity, the appli-
cation of step 3 may be warranted without necessarily
going through steps 1 and 2.

Secondary care

Secondary care is targeted at patients who do not recover
after the timeframe of the normal healing process, are
presenting with psychosocial barriers to recovery, or
require additional interventions for helping with the
transition from primary care (or surgical intervention) to
resuming activities of daily living or return to work. The
goal of secondary care is reactivation of the area of injury
and to prevent the development of long-term physical
and psychosocial deconditioning. Treatment modalities
here usually include structured exercise programs, func-
tional training for improving general health and work
capacity, and cognitive-behavioral interventions designed
to address psychosocial barriers to recovery that play a
role in the development of chronicity. Previous studies
found that the control of the pain level, optimization of
workload, and balanced lifestyle are important factors for
achieving the therapeutic goals.13, 28

Health care at this point should involve an inter-
disciplinary team consisting of clinical psychologists,
physical therapists, occupational therapists, and nurses or
health educators, in addition to the primary care physi-
cian. There is evidence-based support for the efficacy of
an interdisciplinary approach for pain interventions at the
secondary care level.29 The benefits of such a secondary
care approach have also been evaluated in several ran-
domized controlled trials.24, 30, 31, 32 Benefits include:

� reduction in occurrence of daily and bothersome
pain;

� improved general health and self-efficacy;
� increased treatment satisfaction;
� lower healthcare costs;
� improved return-to-work outcomes.

Tertiary care

For patients who do not respond well to primary or
secondary care interventions, and present with significant
psychiatric comorbidity, tertiary care is required to pre-
vent permanent disability. Treatment at this level is more
complex and requires a multidisciplinary healthcare team

Table 51.1 Elements of intervention recommended by Von Korff’s stepped-care framework.

Step 1 Step 2 Step 3

Address fear/avoidance

beliefs

Structured exercise programs Address psychiatric comorbidity

Education Cognitive-behavioral interventions Address secondary gain issues

Information Extended or multiple visits Address physical deconditioning

Advice Interdisciplinary intervention

recommended

Multidisciplinary intervention

required

Initial primary care visit
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to plan and implement a tailored intervention to address
physical and psychosocial deconditioning, as well as
psychosocial barriers to recovery such as secondary gains
that play a role in perpetuating pain-related disability and
the sick role.33 Healthcare team members should include
clinical psychologists or psychiatrists, physical therapists,
occupational therapists, disability case managers, and
nurses or health educators in addition to the primary
physician. Usually, such services may not be provided
at a primary care setting and may require referral to a
specialty pain management program.

Treatment modalities in tertiary care can take two
broad approaches. The overlapping goals of these
two approaches are in managing pain and associated
disability, while the differences are in terms of treat-
ment intensity and the focus on improving function.
The ultimate goal of such an approach, besides managing
pain and its associated disability, is preparing the patient
for full or partial/modified resumption of occupational
status and activities of daily living. One example
of the more intense approach is functional restoration34

and return-to-work programs.35 These programs
include:

� narcotic detoxification;
� cognitive-behavioral therapy;
� disability and occupational case management;
� psychotropic medication for any psychiatric

comorbidity;
� structured graded exercises aimed at improving

functional capacity;
� work hardening and skills training aimed at

improving work capacity and employability;
� individual placement and support for returning to

work.

The other approach to tertiary care is palliative pain
management, the goal of which is simply to manage pain
without any focus on restoring functional status.27

Treatment modalities include pain-relieving narcotics,
psychotropic medication for any psychiatric comorbidity,
and psychological interventions aimed at increasing pain
and stress management and coping techniques. The latter
is useful in helping patients deal with a lifestyle of reduced
function.27, 36

Cohort studies and randomized controlled trials pro-
vide evidence for the benefits of tertiary care approaches
such as functional restoration.34, 37, 38, 39, 40 Positive
outcomes include:

� increased return-to-work rates;
� increased resumption of activities of daily living;
� decreased healthcare utilization;
� reduced levels of pain intensity;
� improved readiness to change;
� improved psychological well-being;
� resolution of outstanding medicolegal issues.

These findings were also consistent in a two-year post-
treatment follow-up study.41 Additionally, the efficiency
of such an approach has been shown to be generalized
across markedly different economic and social conditions
as well as medicolegal systems.42, 43, 44, 45 The multi-
disciplinary intervention for chronic pain also results in
better outcomes compared to standard conservative care,
pharmacological treatment, surgery, spinal cord stimula-
tors, and implantable drug delivery systems.4, 46 Finally, it
should also be noted that intensive multidisciplinary
approaches to managing chronic pain have also been
demonstrated to be cost-effective compared to standard
conservative treatment.4, 47, 48

HEALTHCARE DELIVERY SYSTEMS AND
ORGANIZATION ISSUES

Education of healthcare providers and
organizations

A chapter on where pain fits within healthcare systems
and organizations will not be complete without addres-
sing issues related to education in pain management and
adherence to treatment guidelines and protocols. Several
studies have documented the fact that medical school
education in pain management and residency training has
not been adequate.49, 50 Within healthcare settings, several
studies in the last decade have also found deficits in
proper knowledge of pain management.51, 52, 53, 54 Despite
the increased attention and research findings on pain
within the last six years, a recent study found that many of
the deficits in proper pain management still hold true.55

This study on clinical nurses’ pain assessment indicated
that:

� patients’ self-report of pain were ignored (except for
older patients);

� pain assessment influenced by patients’ age;
� pain assessment influenced by patients’ behavior

(grimace);
� nurses were reluctant to administer appropriate doses

of analgesia (fear of respiratory depression).

These deficits in knowledge, however, can be reversed
with proper training and educational programs for
healthcare professionals. This should also be mandated
for third-party payers who have the responsibility of
authorizing assessment and treatment requests in an
educated manner based upon the best evidence-based
data available. Education on up-to-date pain manage-
ment techniques has been shown to result in significant
gains in knowledge, adopting of appropriate attitudes
regarding pain management, and improved self-efficacy
among the targeted healthcare professionals.56 Education
and training aimed towards improving assessment of
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postoperative pain in surgical wards have also resulted in
significantly greater adherence to protocols in assessing
pain, as demonstrated during annual audits over a period
of three years.57 This study suggests the following
elements within an in-house training and education
program for pain management:

� mandatory training;
� regular staff meetings;
� regular audits;
� feedback to staff members based on audit.

The major problem of treatment ‘‘carve out’’
practices of managed care organizations

As Gatchel and Okifuji4 and Gatchel et al.58 have recently
highlighted, a major obstacle to the employment of
effective multidisciplinary pain programs is the lack of
understanding by third-party payers who often refuse to
cover such programs. Efforts by third-party payers to
contain costs have paradoxically steered patients away
from treatments that demonstrably reduce healthcare
utilization and towards more expensive therapies with
poorer outcomes. As noted by Turk,59 (page 13) ‘‘Greater
collaboration is required among professional groups,
consumers of healthcare services, governmental agencies
and third-party payers to ensure that the more clinically
effective and cost-effective treatments are provided to all
likely to benefit from them’’.

Unfortunately, managed care organizations are cur-
rently ‘‘carving out’’ portions of comprehensive multi-
disciplinary programs (i.e. sending patients to different
providers for their various needs outside of the compre-
hensive programs), thus diluting the proven successful
outcome of such comprehensive programs, in an effort to
cut costs.60, 61, 62 In the long run, however, such ‘‘cost
cutting’’ efforts are counterproductive because they sig-
nificantly reduce the ability of patients to resume pro-
ductive lives, and are actually less cost-effective from the
perspective of healthcare, tax, legal, and economic factors.
Indeed, in a recent study by Hatten et al.,63 the cost-utility
(expressed in cost/quality-adjusted life years (QALY)) of
multidisciplinary programs for chronic spinal pain was
evaluated. The calculation of QALYs involves the costs of
a specific intervention, relative to the desired improve-
ment in health (in this case, increased functioning and
decreased pain). Results of the study revealed that, relative
to a ‘‘carve out’’ unimodal medication treatment with or
without anesthetic procedure, the multidisciplinary
treatment was associated with a better QALY. Such cost-
utility findings again indicate that such comprehensive,
non-carve-out treatment programs are both less costly
and more effective than the other options.

In addition to cost-utility issues, there is evidence that
such ‘‘carve-out’’ practices result in poorer clinical out-
comes among patients. For example, patients who linger

within the healthcare system without adequate multi-
disciplinary pain management will develop very complex
psychosocial disorders characteristic of stage 3 chronic
pain, as described above under Progression of pain. When
such patients eventually reach a medical and financial end
point, and receive multidisciplinary pain management at
the tertiary care level, the increased chronicity has been
found to be associated with poorer rehabilitation out-
comes.64 Additionally, undertreated pain, as a result of
noncomprehensive pain management programs, has been
identified as a risk factor for increased abuse of pre-
scription opioids.65 The resulting opioid dependence has
also been identified as a risk factor for poorer rehabili-
tation outcomes, even when chronic pain is later
addressed within a multidisciplinary pain management
setting.66 Finally, comprehensive pain management
approaches that address psychosocial barriers to effective
pain management have been shown to increase the
effectiveness of pharmacological interventions.67

CONCLUSION

Research on pain has made great advances over the last
decade, and is still making continued immense progress.
While the fruits of pain research have been successfully
applied to treatment modalities and protocols to control
and alleviate pain in clinical settings, research findings
have also indicated that there is a need for improvement
‘‘across the board,’’ including education of patients,
healthcare providers, managed care organizations, and
governmental or regulatory agencies. The key component
in facilitating the appropriate position of pain within
healthcare organizations and delivery systems is the
recognition of pain as a multidimensional phenomenon
that is moderated by biological, psychological, and social/
environmental factors. Thus, there is no ‘‘one-size-fits-all’’
approach in dealing with pain, without taking into
account the various predisposing, co-occurring, and
consequent factors associated with pain. This biopsy-
chosocial perspective of pain is the best evidence-based
model to date, resulting in greater treatment satisfaction,
improved patient outcomes, and greater clinical- and
cost-effectiveness, compared to the traditional unimodal
approaches of dealing with pain in clinical settings.
Appreciation of this model and its successful imple-
mentation should be a part of every level of healthcare
organizations and delivery systems, from the primary care
setting to specialty pain management facilities.
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KEY LEARNING POINTS

� Evidenced-based clinical practice guidelines (CPGs) have

been developed in a number of countries to improve the

effectiveness and safety of acute postoperative pain

management.
� Despite the development and dissemination of these

CPGs, the undertreatment of acute postoperative pain

remains a significant clinical problem worldwide.
� Studies need to be carried out to determine the most

effective approaches to change clinicians’ behaviors to

be in concert with recommendations in CPGs.

� While no perfect measures of quality exist, longitudinal

data support the validity of a core set of quality

indicators that could be used to obtain benchmark data

for quality improvement (QI) initiatives in pain

management.
� Additional studies are needed to determine which

indicators are most effective in determining the quality

of postoperative pain management.

INTRODUCTION

While the total number of surgeries performed worldwide
is not known, recent surveys from the United Kingdom,
Sweden, Norway, Germany, Italy, Switzerland, the United
States, Australia, Asia, and Africa demonstrate that the
undertreatment of postoperative pain remains an inter-
national problem.1, 2, 3, 4, 5, 6, 7, 8, 9 In fact, in a recent
review10 it was noted that approximately 70 percent of
patients experienced moderate to severe pain following
surgery. The consequences of unrelieved postoperative
pain can be serious and include increased morbidity and

mortality, the development of chronic pain, increased
hospital stay, and decreased quality of life.

GUIDELINES FOR POSTOPERATIVE PAIN
MANAGEMENT

Over the past 15 years, attempts have been made to
improve postoperative pain management through the
publication and dissemination of clinical practice guide-
lines (CPG). This work began in the USA with the
development of a CPGs Program by the Agency for



Health Care Policy and Research (AHCPR). Based on
recommendations from the Institute of Medicine, evi-
denced-based CPGs were defined as systematically
developed statements that were to be used to assist
practitioners and patients in making decisions about
appropriate health care for specific clinical circum-
stances.11 One of the first CPGs published by the AHCPR
was entitled Acute pain management: operative or
medical procedures and trauma.12

While the federal government in the US no longer
develops CPGs, this work sparked the development of a
number of CPGs for postoperative pain management
throughout the world. Most of these CPGs were devel-
oped by professional organizations or by professional
organizations in collaboration with federal governments.
Four of these CPGs for postoperative pain management
that are representative of international efforts to improve
postoperative pain management are:

1. Acute pain management in the perioperative setting –
American Society of Anesthesiologists;13, 14

2. Acute pain management: scientific evidence –
Australian and New Zealand College of
Anesthetists and Faculty of Pain Medicine;15

3. Pain management services – good practice – The
Royal College of Anesthetists and The Pain
Society16 and Guidelines for the provision of
anesthetic services – The Royal College of
Anesthetists;17

4. Postoperative pain management – good clinical
practice – European Society of Regional
Anesthesia and Pain Therapy.18

Acute pain management in the perioperative
setting – American Society of
Anesthesiologists

In 1995, the American Society of Anesthesiologists pub-
lished evidence-based Practice guidelines for acute pain
management in the perioperative setting.13 This CPG was
updated in 2004.14 The purposes of this CPG are to: (1)
facilitate the efficacy and safety of acute pain management
in the perioperative setting; (2) reduce the risk of adverse
outcomes; (3) maintain the patient’s functional status;
and (4) enhance the quality of life for patients with acute
pain during the perioperative period.13, 14 The 2004
update provides recommendations on a wider range of
pain management techniques, including:

� institutional policies and procedures for providing
perioperative pain management;

� preoperative evaluation of the patient;
� preoperative preparation of the patient;
� perioperative techniques for pain management;
� multimodal techniques for pain management;
� patient subpopulations.

Acute pain management: scientific evidence –
Australian and New Zealand College of
Anesthetists and Faculty of Pain Medicine

In 1994, the National Health and Medical Research
Council (NHMRC) of Australia took the initiative to
develop an evidence-based CPG on all aspects of acute
pain management. In 2005, this CPG was revised by a
multidisciplinary committee.15 The aim of the report is to
‘‘combine the best available evidence for acute pain
management with current clinical and expert practice.’’ In
addition, a substantial amount of evidence currently
available on the management of acute pain is summarized
in a concise and easily readable form. The specific areas
addressed in the guide are:

� physiology and psychology of acute pain;
� assessment and measurement of acute pain and its

treatment;
� provision of safe and effective acute pain

management;
� systemically administered analgesic drugs;
� regionally and locally administered analgesic drugs;
� routes of systemic drug administration;
� techniques of drug administration;
� nonpharmacological techniques;
� management of acute pain in specific clinical

situations;
� management of acute pain in specific patient groups.

The document begins with a summary of the key mes-
sages in each chapter, as well as the level of evidence that
supports each message. An extensive bibliography is
included at the end of the text.

The chapter on the physiology and psychology of acute
pain includes information on the definition of pain, pain
perception, and pain pathways, as well as various psy-
chological aspects of acute pain. The chapter concludes
with discussions of the progression from acute to chronic
pain, the use of preemptive and preventive analgesia, and
the adverse effects of unrelieved pain.

The chapter on the assessment and measurement of
acute pain and its treatment provides a comprehensive
summary of approaches that can be used to assess pain in
patients who can provide a verbal report as well as those
with special needs. Emphasis is placed on the multi-
dimensional nature of pain and the need to address
outcomes other than pain (e.g. physical functioning,
psychological functioning, adverse events). The chapter
on the provision of safe and effective acute pain man-
agement outlines the requirements for patient and staff
education. In addition, the minimal requirements that
must be in place at the organizational level to provide
effective acute pain management are enumerated.

Four chapters are devoted to the pharmacologic man-
agement of acute postoperative pain. These chapters pro-
vide detailed information on the systemic and regional
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administration of analgesic medications. In addition,
recommendations are made regarding all of the major
routes of drug administration. The chapter on non-
pharmacologic interventions for acute postoperative pain
summarizes the available evidence on a variety of psycho-
logical interventions, transcutaneous nerve stimulation
(TENS), acupuncture, and physical therapy. The text con-
cludes with two chapters on the management of acute pain
in special conditions or populations. The chapter on special
conditions provides information on acute pain manage-
ment in a variety of chronic medical conditions (e.g. spinal
cord injury), acute medical conditions (e.g. abdominal
pain), acute cancer pain, and acute pain management in
the intensive care unit and emergency department. The
final chapter addresses pain management in special popu-
lations (e.g. children, pregnant women, elderly patients,
Aboriginal and Torres Strait Islander peoples).

Pain management services – good practice –
The Royal College of Anesthetists and The Pain
Society and Guidelines for the provision of
anesthetic services – The Royal College of
Anesthetists

In 2003, the Royal College of Anesthetists and the Pain
Society (i.e. The British Chapter of the International

Association for the Study of Pain) published a document
entitled Pain management services – good practice.16 The
summary statement in this document states that relief of
pain should be the fundamental objective of any health
service. In addition, as listed in Box 52.1, 11 requirements
are enumerated for the provision of effective and safe
management of acute and chronic pain in hospitals. This
document focuses on the structures and processes that
need to be in place in hospitals to achieve effective and
safe pain management.

In 2004, the Royal College of Anesthetists published
Guidelines for the provision of anesthetic services.17 This
comprehensive document contains a chapter on acute
pain management which is consistent with and supple-
ments the publication referenced in the previous para-
graph.16 The chapter entitled ‘‘Guidance on the provision
of anesthetic services for acute pain management’’ is
divided into two main sections (i.e. the importance of
acute pain management services and levels of provision of
service). The first section emphasizes the undertreatment
of acute pain and the deleterious effects of unrelieved
pain. Explicit in this CPG is the statement that the pro-
vision of an organized, multidisciplinary acute pain team
is an effective approach for providing high quality pain
relief in a hospital setting. In addition, emphasis is placed
on the importance of ongoing staff education and the

Box 52.1 Requirements for the effective and safe management of acute and chronic pain in
hospitals

1. The provision of services for acute pain management in all hospitals.
2. The provision of core services for chronic pain management in all district general hospitals and most specialist

hospitals.
3. The provision of specialized services for pain management on a regional basis.
4. Adequate resources to provide an appropriate number of fixed sessions for consultants (specialists in pain

management), other health care professionals, secretarial and administrative staff, as well as appropriate
accommodation, facilities, and equipment.

5. Recognition that anesthetists who have sessions in pain management need to have job plans that differ from
those of most anesthetists who work in operating theaters, obstetric units, and critical care units.

6. Close liaison between pain management and other health care groups (including primary care and palliative
care services) in order to provide an individualized, inter-disciplinary approach to pain management for each
patient.

7. Specific arrangements for the treatment of vulnerable groups such as the elderly, children, nonverbal, disabled,
intellectually handicapped, and those whose primary language is not English.

8. Equity of access and service provision for all patients taking into account clinical, socio-economic, and cultural
factors.

9. The provision of properly constructed pain management programmes which aim to promote restoration of
normal physical and psychological function, and to decrease the inappropriate use of healthcare resources by
patients with chronic pain.

10. An active programme of education in the understanding of pain, its presentation, and its management, for all
health professionals who care for patients with pain both the primary and secondary services.

11. Continuing education and audit of pain management services.

Reprinted with permission from Pain management services: good practice, The Royal College of Anaesthetists and The Pain Society, London, UK.
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development of appropriate guidelines or protocol to
facilitate the provision of care.

The second section provides recommendations about
acute pain services. In terms of staffing requirements for
acute pain services, they should include a physician
with expertise in acute pain management and clinical
nurse specialists. In addition, effective collaborations
should occur between the acute pain service and physical
therapists, pharmacists, and psychologists.

The document emphasizes the need for appropriate
equipment, support services, and facilities. In addition,
the need for CPGs and protocols that are focused on pain
assessment, the use of various analgesic modalities, and
monitoring for adverse events are specified in the chapter.
Additional topics include: the management of pain in
patients with special needs; the need for education and
training in pain management; the need for audits of the
quality of pain management; the appropriate governance
structure that needs to be in place to insure effective pain
management; and the need for patient education.

Postoperative pain management – good clinical
practice – European Society of Regional
Anesthesia and Pain Therapy

In 2004, a consensus document entitled Postoperative pain
management – good clinical practice was published by a
panel of European anesthesiologists in consultation with
the European Society of Regional Anesthesia and Pain
Therapy.18 The purpose of the document was to raise
awareness of recent advances in pain control and to
provide advice on how to achieve effective postoperative
analgesia. The recommendations are general in nature
rather than specific to surgical procedures.

The guideline is not evidenced-based but provides
comprehensive, up-to-date information on:

� goals of pain treatment;
� physiology of pain;
� assessment of pain;
� patient education;
� treatment options;
� structure of an acute pain management service;
� day case surgery;
� pediatric analgesia;
� patient groups with special problems in pain

management;
� risk management/discharge criteria.

The specific goals of effective and appropriate pain
management are to:

� improve the quality of life of the patient;
� facilitate rapid recovery and return to full function;
� reduce morbidity;
� allow early discharge from hospital.

These goals will be achieved if clinicians understand the
negative consequences of unrelieved pain and initiate
appropriate assessment and management procedures to
provide effective postoperative pain management.

The physiology section provides information on the
physiological basis of pain, the positive and negative
aspects of pain, and the mechanisms for peripheral and
central pain sensitization. The section on pain assessment
emphasizes that the assessment of pain is a vital element
of effective postoperative pain management. The specific
principles of successful pain management are enumerated
in Box 52.2.

The next section outlines specific topics for patient and
family education including:

� the importance of treating postoperative pain;
� available methods of pain treatment;
� pain assessment routines;
� goals of pain management;
� the patient’s participation in the treatment of pain.

In the section on treatment options, emphasis is placed
on: good nursing care, the use of nonpharmacologic
techniques (e.g. distraction), and the use of balanced
(multimodal) analgesia. The definition of balanced or
multimodal analgesia is ‘‘the use of two or more analgesic
agents that act by differing mechanisms to achieve a
superior analgesic effect without increasing the adverse
events compared with increased doses of single agents.’’18

An entire section of the CPG is devoted to the structure
of an acute pain management service. One of the principles
in this section is that the treatment of postoperative pain
requires good multidisciplinary and multiprofessional
cooperation. In addition, every unit where surgery is per-
formed should provide a pain management team that is
structured according to local needs. All staff involved in the
treatment of postoperative pain should have education and
training about pain management and be updated on a
regular basis. This section concludes with a model for how
to organize a postoperative pain management program.

The section on day surgery notes that as more surgery
is carried out on an outpatient basis, attention needs to be
placed on effective pain control in this setting. Recom-
mendations are made on the requirement for effective
pain management in day surgery; the role of regional
analgesia; postoperative pain management; and the
assessment, documentation, and management of pain
following discharge.

Separate sections of the CPG are devoted to the man-
agement of pain in children and special populations. The
document concludes with a discussion of risk management
and discharge criteria, namely: need for a safe discharge;
need to define a maximum permissible pain score at dis-
charge; need to give patients written information about the
appropriate analgesics to take home; need to give patients a
hospital phone number for any questions; and need to
instruct parents to assess and treat pain in their children.
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Dissemination and implementation of CPGs for
the management of postoperative pain

All of the CPGs cited above are available on the World
Wide Web (see reference list). In addition, professional
organizations and governmental agencies have dis-
seminated these documents widely to their respective
constituencies. Therefore, it is reasonable to ask why the
undertreatment of acute postoperative pain persists in all
countries of the world.1, 2, 3, 4, 5, 6, 7, 8, 9

In a recent review, Barosi19 noted that interventions
designed to effectively implement and disseminate CPGs
fall into different categories: dissemination of educa-
tional materials (e.g. journal articles, audiovisual mate-
rials); decision-support systems and reminders (e.g.
automated prompts in electronic medical records);
educational meetings, educational outreach visits; and
audit and feedback. To date, the major strategies that
have been used to disseminate the various CPGs for
postoperative pain management include the dissemina-
tion of educational materials and educational meetings.
However, these strategies are the least likely to result in
changes in clinicians’ behaviors. In addition, many
clinicians cite high staff turnover, the pressures of day-
to-day practice, and limited clinician time with patients
as major barriers to the implementation of CPG

recommendations in general.20, 21 Another reason why
CPGs are not implemented is that some clinicians believe
that they are too prescriptive and do not allow for
individualization of treatment regimens. Systematic
investigations need to be carried out to determine
which implementation strategies are most effective in
changing clinicians’ behaviors so that the management of
postoperative pain improves.

STANDARDS FOR POSTOPERATIVE PAIN
MANAGEMENT

On January 1, 2001, pain standards developed by JCAHO
were implemented in the US. JCAHO is a private orga-
nization that accredits all patient care organizations (i.e.
ambulatory care, behavioral health, healthcare networks,
home care, hospitals, long-term care, and long-term care
pharmacies) in the US. While this accreditation process is
voluntary, it is necessary to have this ‘‘seal of approval’’
from JCAHO to obtain reimbursement for healthcare
services from the federal government and private insur-
ance companies. While JCAHO primarily accredits
healthcare organizations in the US, it is expanding its
services to the international community.

Box 52.2 Principles of successful pain management

� Assess pain both at rest and with movement to evaluate the patient’s functional status.
� The effect of a given treatment is evaluated by assessing pain before and after every treatment intervention.
� In the surgical Post Anesthesia Care Unit (PACU) or other circumstances where pain is intense, evaluate, treat,

and reevaluate frequently (e.g. every 15 minutes initially, then every one to two hours as pain intensity
decreases).

� On the surgical ward, evaluate, treat, and reevaluate regularly (e.g. every four to eight hours) both the pain and
the patient’s response to treatment.

� Define the maximum pain score above which pain relief is offered (i.e. the intervention threshold). For example,
verbal rating score of 3 at rest and 4 on moving, on a 10-point scale.

� Pain responses to treatment, including adverse events, are documented clearly on easily accessible forms, such as
the vital sign sheet. This is useful for treatment, good communication between staff, auditing, and quality
control.

� Patients who have difficulty communicating their pain require particular attention. This includes patients who are
cognitively impaired, severely emotionally disturbed, children, patients who do not speak the local language, and
patients whose level of education and cultural background differs significantly from that of their health care
team.

� Unexpected intense pain, particularly if associated with altered vital signs (hypotension, tachycardia, fever) is
immediately evaluated. New diagnoses, such as wound dehiscence, infection, or deep venous thrombosis should
be considered.

� Immediate pain relief without asking for a pain rating is given to patients with obvious pain who are not
sufficiently focused to use a pain rating scale.

� Family members are involved where appropriate.

Reprinted from Postoperative Pain Management – Good Clinical Practice – European Society of Regional Anesthesia and Pain Therapy, with
permission.
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The pain standards represent a landmark initiative by
JCAHO, as well as a rare and important opportunity for
widespread and sustainable improvements in how pain is
managed in the US.22, 23, 24 The JCAHO pain standards
were developed in recognition of the widespread under-
treatment of both acute and chronic pain. While they
were developed in the US, they are applicable throughout
the world. The pain standards require all organizations to:

� recognize the right of patients to appropriate
assessment and management of their pain;

� identify patients with pain in an initial screening
assessment;

� perform a more comprehensive assessment when
pain is identified;

� record the results of the assessment in a way that
facilitates regular assessment and follow-up;

� educate relevant providers in pain assessment and
management;

� determine and assure staff competency in pain
assessment and management;

� address pain assessment and management in the
orientation of all new staff;

� establish policies and procedures that support
appropriate prescription or ordering of effective pain
medications;

� ensure that pain does not interfere with participation
in rehabilitation;

� educate patients and families about the importance
of effective pain management;

� address patient needs for symptom management in
the discharge planning process;

� collect data to monitor the appropriateness and
effectiveness of pain management.

These standards have prompted every patient care orga-
nization to build an institutional commitment to pain
management. As part of this commitment, many health-
care organizations have integrated the treatment of pain
into their mission statements. In addition, throughout the
organization, universal screening for pain is instituted so
that every patient who comes to an inpatient or out-
patient setting is asked about the presence of pain. In
order to ‘‘institutionalize pain management,’’ organiza-
tions must follow a series of steps that are outlined in
Table 52.1.22, 23, 25

The majority of US healthcare organizations have
adopted the use of a standardized approach to pain
assessment using either 0 (no pain) to 10 (worst pain
imaginable) numeric rating scales or 0 (no pain) to 5
(severe pain) descriptive ratings scales to perform routine
pain assessments. In addition, the education of physi-
cians, nurses, allied health professionals, and patients
about the importance of pain treatment has become a
priority in healthcare organizations. Finally, healthcare
institutions have started to include pain management as
one of their quality indicators.

QUALITY IMPROVEMENT INITIATIVES IN PAIN
MANAGEMENT

The field of pain management has a long tradition of
evaluating the quality of pain management. Initially, these
surveys reported on the undertreatment of acute and
chronic pain.26, 27 These studies provided the impetus for
professional organizations, as well as government and
regulatory agencies, to publish CPGs for acute and cancer
pain management. The majority of these CPGs recom-
mended that the quality of pain management should
be evaluated after the implementation of the CPGs’
recommendations.

The process of continuous quality improvement

An integral part of any evaluation of the quality of patient
care is the process of continuous quality improvement
(CQI). This process, illustrated in Figure 52.1, provides
organizations with the ability to collect benchmark data,
determine the effectiveness of various treatment strate-
gies, and evaluate whether systematic changes in patient
care strategies improve the quality of care that patients
receive.26, 27, 28 In this section, the CQI process is applied
to a specific pain management problem.

In many healthcare organizations, an interdisciplinary
committee is established to conduct various quality
improvement (QI) studies. Typically, they consist of
physicians, nurses, pharmacists, physical therapists, and
other clinicians who are involved in postoperative
pain management. The first step in the CQI process
is to determine the specific aspect of care that requires
evaluation. For example, the QI committee may choose
to evaluate nurses’ adherence with a pain assessment
policy that states that pain assessments will be docu-
mented every four hours for the first 24 hours following
surgery.

The second step in the CQI process involves the eva-
luation study. The QI committee decides to conduct the
pain assessment study on the orthopedic surgery and
neurosurgery units. A total of 30 patients’ charts from
each unit are evaluated and data on adherence with the
pain assessment policy are collected so that an analysis
can be carried out to evaluate for differences in adherence
rates across the different nursing shifts. The third step of
the CQI process involves the actual analysis of the study
data and the presentation of the study findings to the QI
committee.

Once the data are gathered and the findings are pre-
sented, the QI committee needs to determine which
processes of care require modification. This part of the
CQI process usually involves a comparison of the study
findings with some predetermined benchmark. For
example, prior to the initiation of the study, the QI
committee determined that their benchmark for adher-
ence with the pain assessment policy would be 90 percent.
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Findings from the study found a 95 percent adherence
rate on the day shift, 80 percent on the evening shift, and
70 percent on the night shift. Based on this analysis, the
QI committee determined that adherence rates with the
pain assessment policy on the evening and night shifts
were not acceptable.

The fifth step in the CQI process involves the devel-
opment and implementation of a plan to improve care.
This step requires a careful examination of all of the
factors within the organization that may impede the
ability of clinicians to adhere to a particular policy. In
this case, the QI committee evaluated the evening
and night staff ’s knowledge about the pain assessment

policy, as well as factors that interfered with their ability
to complete pain assessments in a timely manner. Based
on a series of meetings with the nursing staff, the QI
committee determined that the nurses were not aware of
how often pain assessments were to be performed in the
immediate postoperative period. A series of educational
sessions on pain assessment were conducted for nurses
on the two units. The final step in the CQI process
involved a reevaluation of the pain assessment policy
three months after the educational program. At that
time, 95 percent adherence rates with the policy
were achieved on both surgical units and on all three
shifts.

Table 52.1 Steps to institutionalize pain management.

Steps to institutionalize pain management

1. Develop an interdisciplinary committee to create the plan to institutionalize pain management

a. Identify the key ‘‘stake-holders’’ in the institution and establish their buy-in with the plan

b. Members of the interdisciplinary committee should include, at a minimum, physicians, nurses, pharmacists, administrators

c. Invite participation from individuals who might be most resistant to change

d. Include patient and family member participation when appropriate

2. Perform an analysis of pain management practices within the organization

a. Identify areas for improvement in pain management practices

b. Collect data to verify the need for improvement in a variety of pain management practices

c. Evidence of deficits facilitates the buy-in of key opinion leaders

3. Develop a plan to institutionalize pain management

a. Establish the goals of the program

b. Establish a timeline for implementation

c. Determine which policies and procedures need to be written and disseminated

i. Pain assessment

ii. Use of pharmacologic interventions for pain management

iii. Use of nonpharmacologic interventions for pain management

iv. Use of technology for pain management

d. Allocate resources to implement the plan

4. Establish accountability for pain management

a. Determine which staff will be responsible for which components of the pain management plan

b. Develop competency based assessment tools to evaluate staff performance

c. Integrate the principles of effective pain management and assign responsibility for pain management into policies, procedures,

and job descriptions

5. Provide education to all personnel involved in pain management

a. Provide education on pain assessment

b. Provide education on both pharmacologic and nonpharmacologic interventions for pain management

c. Provide education on the use of new technologies for pain management

6. Incorporate effective pain management into the mission statement of the organization

a. Inform patients and family members on admission of their right to prompt pain treatment

b. Explain to patients and family members why pain management is an important part of their care

c. Teach patients and family members how to report pain using established pain assessment tools

7. Use quality improvement approaches to evaluate pain management practices

a. Implement a variety of quality improvement approaches to evaluate various aspects of pain management

i. Review of medical records

ii. Review of adherence with specific policies and procedures

iii. Patient interviews

iv. Competency evaluations of staff

v. Family member interviews
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QI indicators in pain management – the
experience in the United States

To improve the quality of acute and cancer pain man-
agement, the American Pain Society (APS) and the
AHCPR outlined a specific set of QI recommendations
for institutions in the early 1990s.29 These recommen-
dations included a Patient Outcome Questionnaire
(POQ) that could be used to evaluate the quality of acute
and cancer pain management. Several studies were carried
out with the POQ28, 30, 31, 32, 33, 34 and consistently found
that patients reported high levels of satisfaction with pain
management despite significantly high levels of pain.

In 1995, the APS QI guidelines were revised based on
published reports and clinical experience.35 An inter-
disciplinary committee concluded that efforts to improve
the quality of pain management must move beyond
assessment and communication about pain to imple-
mentation and evaluation of improvements in pain
treatment that are timely, safe, evidence-based, and
multimodal. The key elements in this revision of the QI
guidelines were to:

� assure that a report of unrelieved pain raised a ‘‘red
flag’’ that attracted clinicians’ attention;

� make information about analgesics convenient where
orders are written;

� promise patients responsive analgesic care and urge
them to communicate pain;

� implement policies and safeguards for the use of
modern analgesic technologies;

� coordinate and assess implementation of these
measures.

A revision of the POQ was included in this paper. The
main revisions included the addition of five items on
how pain interferes with function from the Brief Pain
Inventory36 and seven items from the Patient Barriers

Questionnaire.37 In addition, emphasis was placed on
using CQI processes to improve pain management and to
facilitate the recognition of institutional barriers to
optimal pain treatment.

Over the next ten years, several QI studies were pub-
lished that used the POQ.2, 3, 25, 30, 38 An extensive review
of these QI studies30 identified six quality indicators for
hospital-based pain management initiatives.

1. Pain intensity is documented with a numeric or
descriptive rating scale.

2. Pain intensity is documented at frequent intervals.
3. Pain is treated by a route other than intramuscular.
4. Pain is treated with regularly administered

analgesics, and when possible a multimodal
approach is used.

5. Pain is prevented and controlled to a degree that
facilitates function and quality of life.

6. Patients are adequately informed and
knowledgeable about pain management.

In 2005, the APS Quality of Care Task Force published a
revision of their QI recommendations.39 Differences
between the 1995 and 2005 APS recommendations are
summarized in Table 52.2. This interdisciplinary task
force concluded that efforts to improve pain management
must move beyond merely improving assessment and
documentation. What is required to improve the quality
of acute pain management is the implementation of
customized, evidenced-based treatment regimens. In
addition, patients must actively participate in pain man-
agement. Finally, emphasis was placed on the routine use
of quality measures that are specific to pain management.

A final outcome of the APS Quality of Care Task
Force’s work was the development of a new set of quality
indicators and suggested measures for acute pain man-
agement. These quality indicators and measures are
summarized in Table 52.3. The authors acknowledged

Step 2 – Conduct 
the evaluation 

study

Step 4 – Determine 
which processes 
of care require 
modification

Step 1 – Determine 
those aspects of 
care that require 

evaluation

Step 5 – Develop 
and implement a 
plan to improve 

care

Step 6 – Reevaluate 
the care after a 

designated period 
of time 

Step 3 – Analyze 
the data from the

evaluation

Figure 52.1 The process of continuous quality

improvement.
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Table 52.2 Comparison of the 1995 American Pain Society (APS) Quality Improvement (QI) Guidelines and the 2005 APS

Recommendations.

1995 APS QI guidelines 2005 APS recommendations

Recognize and treat pain promptly Recognize and treat pain promptly

Routine assessment of pain intensity Emphasis on comprehensive pain assessment

Routine documentation of pain intensity Emphasis on the importance of the prevention of pain

Emphasis on prompt recognition and treatment of pain

Make information about analgesics readily available in places

where clinicians write medication orders

Involve patients and families in the pain management plan

Emphasis on the need to customize the pain management plan

Emphasis on the importance of having the patient participate in

the pain management plan

Promise patients attentive analgesic care Improve treatment patterns

Urge patients to report pain to clinicians Eliminate inappropriate practices

Emphasis on the need to provide multimodal therapy

Develop explicit policies for analgesic technologies Reassess and adjust pain management plan as needed

Patient-controlled analgesia Emphasis placed on the need to respond not only to pain intensity

scores but to changes in patient’s functional status and side

effects

Spinal administration of opioids and anesthetics

Examine the processes and outcomes of pain management with the

goal of continuous quality improvement

Monitor processes and outcomes of pain management

Emphasis on new standardized QI indicators

Adapted from Gordon DB, Dahl JL, Miaskowski C et al. American Pain Society recommendations for improving the quality of acute and cancer pain
management: American Pain Society Quality of Care Task Force. Archives of Internal Medicine. 2005; 165: 1574–80, with permission. Copyright & 2005,
American Medical Association. All rights reserved.

Table 52.3 Quality indicators and measures for acute pain management.

Quality indicator Measures

Intensity of pain is documented Is there any documentation of pain in the medical record?

Numeric rating scale (i.e. 0 to 10) In charts with documentation of pain, was a pain rating scale used?

Descriptive rating scale (i.e. none, mild, moderate,

severe)

Pain intensity is documented at frequent intervals How many pain intensity ratings were documented in a 24-hour period?

Pain is treated by a route other than intramuscular

injection

Percentage of patients who received an intramuscular injection of an analgesic

in the postoperative period

Pain is treated with regularly administered analgesics Percentage of patients who received an analgesic on a regular schedule

Percentage of patients who received meperidene

Pain is treated, when possible with multimodal

approaches

Percentage of patients who received only a single analgesic modality

Percentage of patients who received combinations of therapeutic approaches

(nonopioid, opioid, local anesthetic, regional techniques)

Percentage of patients who received both pharmacologic and

nonpharmacologic approaches

Pain is prevented and controlled to a degree that

facilitates function and quality of life

Measurement of worst pain in past 24 hours

Amount of time the patient was in moderate to severe pain in the past 24

hours

Level of pain’s interference with sleep, walking ability, mood (0 = does not

interfere to 10 = completely interferes)

Patients are adequately informed and knowledgeable

about pain management

Patient’s rating of the adequacy of information received about pain and pain

management while in the hospital (1 = poor to 5 = excellent)

Adapted from Pain Management Nursing, 3, Gordon DB, Pellino TA, Miaskowski C et al., A 10-year review of quality improvement monitoring in pain
management: recommendations for standardized outcome measures, 116–30, & Elsevier (2002); and Gordon DB, Dahl JL, Miaskowski C et al. American Pain
Society recommendations for improving the quality of acute and cancer pain management: American Pain Society Quality of Care Task Force. Archives of
Internal Medicine. 2005; 165: 1574–80, with permission. Copyright & 2005 American Medical Association.
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that improvements in the quality of patient care are
influenced by a wide variety of internal and external
factors. In order to improve the quality of pain man-
agement, multilevel approaches are needed that involve
patients, clinicians, and organizations. Therefore, a sci-
entific and systems-oriented approach to changing pain
management behaviors is crucial to the achievement of
the goal of improved pain management.

QI indicators in pain management – the
experience in Sweden

In a series of studies,2, 40, 41, 42 researchers in Sweden
developed and tested an instrument entitled Strategic and
clinical indicators in postoperative pain management. The
patient version of the instrument consists of 14 items
about communication, action, trust, and the environ-
ment; two questions about general patient satisfaction;
and three questions about pain intensity. The individual
items on the scale are listed in Table 52.4. The
initial Cronbach’s alpha for the total scale was 0.84. A
four-factor structure emerged from an orthogonal
factor analysis that explained a cumulative variance of

61.4 percent.42 Some of the items on this instrument
evaluate similar indicators to those proposed by the
APS. Additional studies are warranted with both instru-
ments to determine which indicators are most effective
in determining the quality of postoperative pain
management.

RECOMMENDATIONS FOR CLINICAL PRACTICE
AND RESEARCH

Recommendations contained within the various CPGs for
postoperative pain management represent a synthesis of
the ‘‘best practices’’ in the field that should result in
improvements in patient care. Based on the experience in
the US with the JCAHO pain standards, the imple-
mentation of systematic approaches to pain management
that are coupled with clinician education about pain
assessment and management are leading to some
improvements in patient care.25 However, to continue to
make progress in the management of postoperative
pain, healthcare organizations need to design and
implement CQI programs that provide ongoing feedback

Table 52.4 Individual items on the strategic and clinical quality indicators in postoperative pain management – patient version.

Score

Communication

1. Before my operation, I was told about the type of pain treatment that I would be offered after surgery

2. When nurses come on duty, they know ‘‘everything’’ about how much pain I have had and the pain treatment

I have received

3. The nurses and doctors have cooperated in treating my pain

Action

1. After my operation, I talked with a nurse about how I wanted my pain to be treated

2. I received support or help in finding a comfortable position in bed to help avoid pain

3. The staff asked me about the pain I had when I breathed deeply, sat up, or moved around

4. To determine my level of pain, a member of the staff asked me to pick a number between 0 and 10 at least once

every morning, afternoon, and evening

Trust

1. Even if I did not always ask for it, I was given pain medication

2. The nurses helped me with pain treatment until I was satisfied with the effects of pain relief

3. The nurses are knowledgeable about how to relieve my pain

4. The nurses believe me when I tell them that I am in pain

Environment

1. I was given the opportunity for peace and quiet so I could sleep during the night

2. I have a pleasant room

3. There have been enough nurses on duty for someone to respond quickly to my request for pain relief

Items are rated on a five-point Likert scale (1 = strongly disagree to 5 = strongly agree).
Three additional items evaluate pain intensity (i.e. worst, least, pain right now) in the past 24 hours.
Two items evaluate expectations about pain and satisfaction with pain management.
Adapted from Idvall E, Hamrin E, Sjostrom B, Unosson M. Patient and nurse assessment of quality of care in postoperative pain management. Quality and
Safety in Health Care. 2002; 11: 327–34, with permission from the BMJ Publishing Group.
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to clinicians about how to improve the systems and
professional practices that are critical for effective
postoperative pain management.
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KEY LEARNING POINTS

� Medical negligence and personal injury claims show an

increasing trend.
� Most claims arise because there is a belief that an

injustice has occurred.
� An expert needs to show impartiality, accuracy, and a

depth of knowledge in the chosen field.

� Where possible, opinions need to be supported by

evidence-based medicine.
� The appointment of ‘‘single’’ joint experts accelerate

cases and reduce court attendance rates.
� Chronic pain syndromes and somatoform pain disorders

are recognized conditions.

INTRODUCTION

Trends in litigation

Medical litigation is a regrettable but essential aspect of
medical practice. Whilst the comments in this chapter
reflect practices within the UK, the majority of the
principles have wide applicability. Perfection in health
care does not exist and all healthcare professionals have
the capacity to err. Similarly, no intervention is without
risk so the recipient of care needs to be intimately
involved in the decision-making process and be fully
informed of the positive and negative aspects of care.
Nevertheless, providing informed consent does not
absolve the clinician from the risk of being sued if it can
be demonstrated that the treatment was negligently per-
formed. However, it should help to reduce the vexatious
claims from plaintiffs who for whatever reason become

dissatisfied with the outcome of care. All treatments have
failure rates!

The development of clinical governance within pri-
mary and secondary health care has helped to raise the
awareness of best practice and provided guidance on
healthcare decision-making. Similarly, the advent of
Clinical Incident Reporting provides the ability to analyze
adverse events in a calm and constructive manner so that
lessons can be learned and changes in practice adopted
(see The National Forum for Risk Management in the
Public section, www.alarm-uk.org).

The Cochrane Collaboration1 has been an important
driver in the approach to best medical practice and,
although not established as a result of litigation, its ana-
lyses offer a way to look more critically at issues of quality.
The concept of the ‘‘evidence-based review’’ distilling the
international experience of treatment to provide critical
evaluations has helped provide a greater understanding of

www.alarm-uk.org


the efficacy of individual clinical practice. It is not the
only approach and others advocate the use of graded
scales to measure efficacy.2

In the UK, there have been a number of high profile
criminal cases that have involved lapses of good medical
practice. These have influenced public opinion adversely
and undermined confidence in standards of medical
practice. Some doctors have, publicly, been shown to have
failed to maintain expected standards of care. Sadly, the
many are implicated by the few and the medical profes-
sion has been put under great pressure to visibly ‘‘put its
house in order.’’

Even more concerning is the recent trend that has left
doctors unprotected from immunity from prosecution
when as a result of their ‘‘expert opinion’’ criminal con-
victions have been obtained which have subsequently
been reversed on appeal. The implication is that the
expert, by giving erroneous or inaccurate testimony, has
by default committed a criminal act.

Within the practice of pain management there are many
situations that could give rise to litigation (Table 53.1).

Britain has enjoyed a privileged position with a rela-
tively low level of medical litigation. This is now changing
as patients are more readily going to court to settle
grievances or seek financial compensation.3 It has long
been recognized that within medicine the surgical dis-
ciplines, including obstetrics, have carried greater risk.4

Pain management is also becoming an area of concern.
This reflects a greater recourse to invasive or destructive
procedures (spinal cord stimulation, radiofrequency
lesioning), as well as increased expectation by the patient
of what should or can be achieved.

Why do people complain

In an ideal world, all treatment would be successful and
no complications would occur. In general, the public
accept that life is imperfect and mistakes can occur. They
see imperfection in every aspect of daily life and most are
happy to accept that some problems and side effects may
occur as a result of normal medical treatment. However, it
is when they feel that an injustice has been done that they
tend to litigate. Over 57 percent of patients take an action

because they just want an answer.5 They may feel that for
whatever reason ‘‘the facts’’ have been hidden, obscured,
or suppressed. They may also feel that the clinician is not
sincere in his explanation.

Too often doctors provide overoptimistic projections
with regard to outcomes and may minimize the risks
associated with surgical or other procedures. So it is not
surprising that a significant number use the courts as a
means of financial redress.

A review of 227 patients who were claiming negligence
highlighted some important issues.5 Over 70 percent of
the respondents had been seriously affected by the inci-
dents causing the litigation. The events had created long-
term affects on work and social life. Often the decision
that finally determined legal action was the poor com-
munication and insensitive handling of the original
injury. Where explanations had been given, less than 15
percent were considered satisfactory. Four themes
emerged from the analysis:

1. Concern with standards of care – to prevent
future events occurring.

2. An explanation – to know how and why the event
happened.

3. Compensation for loss – pain, suffering, income,
and future care.

4. Accountability – admission of fault, honesty.

What do they complain about

Motor vehicle accident and work-related injury represent
the largest number of cases that involve persistent pain as
a primary component (Table 53.2). The majority of these
claims are settled ‘‘out of court’’ but nevertheless the
process can be drawn out. Often liability is admitted early
on, but agreeing the quantum can take many years. The
defendants will always wish to leave a protracted period
so that the maximum recovery will take place and dis-
ability will be minimized. Plaintiffs may resist attempts to
recover early, as it may appear to weaken their cases.6

It is now recognized that prolonged litigation leads to
chronicity, both for pain and disability.7 Furthermore, the
concept of ‘‘compensation neurosis’’ is ill founded. There

Table 53.1 Potential sources for medical litigation.

Acute pain Chronic pain

Lack of consent Personal injury

Complication of therapy Inadequate preparation

Inappropriate treatment Medical negligence

Assault Work – compensation

Issues around competence Lack of informed consent

Unlicensed preparations

Missed diagnoses

Table 53.2 Types of litigation: as presented to the

author (1997–2007).

Problem %

Work-related injury 37

Road traffic accident 18

Medical negligence 40

Acute pain (9)

Chronic pain (31)

Lack of consent 1

Lack of care/treatment 3

678 ] PART V OTHER ISSUES



is evidence that the emotional distress caused by the
compensation process can produce long-term psycholo-
gical damage.8

WHAT SHOULD CONCERN THE EXPERT?

Standards of care

It should seem obvious that maintaining the highest
standard of care would be normal. However, often lapses
in care, failure to do the expected preparatory work,
failure to adhere to normal care pathways, and failure to
even examine the patient have led to complaints being
upheld. Often the doctor concerned knew what should
have been done, but failed in the implementation. The
expert in a report should seek to understand how the
injury or event occurred and what omissions or failures
on behalf of the doctor contributed to the event. At all
times, the expert has to acknowledge that reports are
addressed to the courts and should be impartial.

Personal loss and suffering

In an expert report it will be necessary to assess the
impact of the injury on the loss or distress experienced by
the patient. The financial value of such loss is for the
court to determine. Nevertheless, it is reasonable to sug-
gest how life has altered and what limitation is imposed
on daily existence because of the personal injury. This
may be a big concern where the symptoms and loss of
mobility are great, yet the physical findings are limited.

The subjective nature of pain may require a greater
reliance on secondary characteristics to address the
impact on the individual:

� the state of anxiety;
� the presence of reactive depression;
� the use of avoidance behavior;
� the appearance of elaborated responses to

examination;
� the presence of post-traumatic stress (flashbacks,

autonomic evoked responses);
� disturbances to sleep patterns;
� sickness records for those who still continue in

employment;
� attendance rates with healthcare professionals;
� the use of allowances and benefits;
� the role of carers and in home support;
� the impact of locally provided social services for

individual or family support.

Such data provide a more realistic picture of the impact
and disability of chronic pain.

Probably the most difficult aspect is to assess the
influence that on-going pain has on an individual’s

functional capacity. Most chronic pain sufferers will
indicate that they do not undertake actions or tasks
because these trigger or aggravate pain. There are
numerous scales that can be applied, the majority assess
simple tasks:

� brushing teeth, shaving;
� bathing or showering;
� combing or washing hair;
� putting on socks or stockings, dressing and

undressing;
� climbing stairs;
� undertaking household tasks: cleaning, cooking,

gardening etc.;
� driving or sitting in a vehicle;
� walking distance and standing times;
� ability to lift and carry objects;
� ability to enjoy pleasurable activities: eating out,

attending movies or theater.

Such limitation in activity may prove difficult to explain
in the absence of any recorded muscular or neurological
disease. It will be necessary to explore these aspects with
the claimant and record all restrictions to daily living.

The courts are well aware of the development of ‘‘ill-
ness behavior’’ and it is perfectly acceptable to
link impaired functioning to the original injury or acci-
dent. The term ‘‘chronic pain syndrome’’ is widely
recognized.

The competence or otherwise of the clinician

When assessing the events it will be an important con-
sideration to investigate the skill of the doctor in relation
to the treatments undertaken. Competence must be
related to experience in the subject or field. It may
become necessary to address the advisability of under-
taking a procedure when experience is limited. Clearly the
perspective is different if the case is an emergency or life
threatening occasion than when the procedure is a cold
elective event.

The suitability of the treatment planned or
undertaken

The establishment of organizations such as National
Institute for Clinical Excellence (NICE) have influenced
the basis on which clinical decision-making is achieved.
In the past, the ‘‘Bolam’’ concept9 acknowledged that
there could be differing clinical opinions. Today, much
greater emphasis is placed upon what is felt to be the most
appropriate course of action. The application of clinical
guidelines and the involvement of multidisciplinary teams
(MDTs) are important in answering such a question. It is
accepted that doctors do not work in isolation.
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Opinions must reflect the knowledge and understanding
that was held at the time the incident or injury occurred.
Over the prolonged period that a negligence claim may be
pursued, opinions may change and new evidence could be
published. It would be unreasonable to review competence
only on the basis of current day standards.

The nature of the incident or complication

All therapy carries risk and part of the process of
informed consent is to identify as far as possible the
known risks. If a complication is rare but has been
described, then it is less likely that claims for negligence
will arise unless it can be shown that the risk was
increased because of a poor technique or because the
treatment itself was inappropriate.

Where the complication is quite common, claims may
arise because of the way the problem was managed rather
than for the event itself.

Informed consent

This is an issue that applies to both acute and chronic
pain management. The difficulty for the clinician is to
decide what level of detail should be provided to inform,
but not frighten, patients.

For a patient to make a valued judgment, it is neces-
sary to know not only what can go wrong and the likely
incidence, but also the comparative efficacy of the treat-
ment being offered.

To advise a patient with acute sciatica that following an
epidural block with steroids there is a 1 in 5000 chance of a
serious adverse event has a very different weighting to
stating that one in six patients will derive improvement not
achieved by other means.10 A process of shared decision-
making offers one method of improving consent.11

The assessment of risk, or more precisely the risk to
benefit ratio, of treatment has yet to be fully evaluated.
Systematic reviews and randomized controlled trials pro-
vide guidance. Many treatments for chronic pain have
never been subjected to rigorous analysis. Sometimes it is
difficult to establish a control group (e.g. acupuncture) and
sometimes, because the control arm also involves an
invasive procedure (e.g. radiofrequency lesion generation),
it may not be possible to run a true double-blind study.

Robust guidelines are available for dealing with the
issue of consent.12

Lack of consent

Most written consent forms that are signed by patients carry
a caveat to ‘‘include all necessary procedures at the time of
surgery.’’ This is not an opportunity for clinicians to dis-
regard their expected responsibilities. Issues can arise out of
seemingly straightforward pain-relieving procedures.

For example, if a local anesthetic block is performed on
an anesthetized patient, a laudable pain-relieving con-
sideration, it may not be considered part of the basic
anesthetic technique, particularly if this issue was not
discussed at the anesthetic preassessment meeting. Should
the patient suffer nerve injury or find the postoperative
paralysis and anesthesia unacceptable, then potentially
there are grounds for complaint. Obtaining consent,
written if necessary, in advance of the event will provide
the only safe form of defense against a charge of assault.
Should nerve injury be the consequence, greater support
will be given if the technique involved nerve stimulation
and adherence to sound anatomical principles.13

Drugs used ‘‘off label’’ and outside the remit of their
product licences pose another area of concern, particularly if
patients are not advised of this fact. Whilst it is recognized
that a large number of older drugs are routinely given in this
manner for the treatment of chronic pain, newer com-
pounds cannot enjoy this ‘‘wide exposure’’ privilege.

Malingering – false claims

A small percentage of patients will exaggerate claims for
financial gain. This is more common in claims related to
work injury and road traffic accidents. If the plaintiff feels
aggrieved because a job has been lost, the injury was not
their fault, the employer made unreasonable demands
or provided inadequate support and protection, then
one can understand how these emotional triggers will
influence symptoms and behavior.

It should be noted that for some medical conditions a
whole litigation industry has developed to deal with ever
increasing demands and claims. A good example is
‘‘whiplash syndrome’’ where pain and injury is experi-
enced by claimants for long periods of time in the absence
of any truly defined clinical pathology.6

It is most unusual to see plaintiffs who clearly have
‘‘made the whole thing up.’’ Insurance companies are
always looking for these scenarios and invest considerable
resources in investigating claimants. Video evidence is
increasingly being used to observe claimants in their
home environment. The findings can surprise even the
most experienced medical examiner and can, on occasion,
cause an expert to appear ill informed.

Sadly this type of pernicious investigation of claimants
only adds to the distress of the genuine plaintiff, but is a
necessary consequence of any form of compensation
process. Experts will be expected to view video evidence
and provide suitable commentary.

CLINICAL GOVERNANCE

Clinical governance has a broad remit and covers all
aspects of current medical practice. Its introduction has
changed the way medicine is delivered. In time it should
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help to clarify one of the key elements, ‘‘best practice.’’ It
is within this context that one should seek to look at the
medicolegal basis upon which claims are based.

� Was there a duty of care?
� Upon whom lay that duty?
� Was there a failure to fulfil that duty?
� Did actual harm occur?
� If there was a breach of duty, did it cause the

damage?

Improving standards is a slow process and involves both
willingness and a commitment by all staff to make the
change. There are some useful drivers.

A complaints procedure

The establishment of a complaint procedure is a healthy
sign. It encourages openness in practice, exposes short-
comings, and highlights failure in service. Learning from
errors can lead to improvements, if positive changes in
practice are adopted.

Not all complaints are valid and the majority never
results in litigation. Addressing issues early and expressing
honest responses will defuse most situations. Such action
will certainly aid in greater understanding and commu-
nication between the patient and the healthcare team even
if issues cannot be resolved.

Best practice

Best practice is an attempt to discover the consensus
within a discipline or speciality for a particular practice
or procedure. The strength of evidence to support a
view can be determined. A systematic review, for
example, would have high weighting. Such studies have
their limitations and sometimes when the evidence is in
short supply it may be impossible to make a valued
judgment on efficacy. A number of other measures need
to be considered. Useful tools include clinical audit,
complication rates, outcome studies, personal series, and
individual case reports. All these help to generate a
picture of the relevance of a particular treatment and will
enable the determination of indexes such as the number
needed to treat (NNT) and number needed to harm
(NNH).14

Clinical guidelines

Finally, it is possible to approach best practice by looking
at clinical guidelines and trying to develop a process and
pathway by which a treatment can be introduced or
maintained within given parameters. This practice must
also involve disregarding therapies which no longer have a
place or have been shown to have extremely limited

efficacy. Whilst some guidelines may be locally based,
many more are being adopted nationally and are being
endorsed by learned societies and colleges (Royal College
of Anaesthetists (www.rcoa.ac.uk), British Pain Society
(www.britishpainsociety.org)).

LEGAL STANDING

For many years the basis on which medical negligence was
assessed was based on a case, Bolam v Friern.9 However,
such an approach has been challenged and there have
been recent changes in the law.

Bolam

The determination of negligence is for the courts. It is
not the role of the clinician to apportion blame or culp-
ability. The medical expert should attempt to give a
balanced view of what is current best practice and what is
perhaps appropriate for the level of skill and training
of the doctor involved in litigation. It is acknowledged
that the skill employed by a trainee doctor would, in
normal circumstances, be less than that displayed by a
consultant.15

Sometimes it may be difficult to define an absolute
course of action and the expert must give an opinion as to
what he or she would have done in the same circum-
stance. Evidence to support such opinions is normally
derived from published articles although personal exten-
sive experience with a procedure is always of additional
merit.

It is easy for the expert to reflect on a particular
incident and be critical of individual performance. It is
always difficult for those involved in an adverse event
to be analytical since crisis management may not be
routinely practiced.

Where the body of medical opinions supports
a particular action there is little difficulty. The problems
tend to occur if less conventional approaches are
adopted and something goes wrong. Then the decision
might be to decide whether the issue was one of mishap
or negligence.

To succeed in litigation, the plaintiff must be able to
demonstrate that the defendant owed a legal duty of care.
Furthermore, it must be demonstrated that such care fell
below the standard required by the law and that the
defendant could reasonably have foreseen that the careless
behavior in question could have damaged the plaintiff.
Damage must have occurred and a causal link between
behavior and damage must be proved.

Nevertheless, ‘‘a doctor is not negligent, if he is acting
in accordance with a practice accepted as proper by a
reasonable body of medical men skilled in that particular
art, merely because there is a body of such opinion that
takes a contrary view.’’9

Chapter 53 The expert medicolegal report ] 681

www.rcoa.ac.uk
www.britishpainsociety.org


Woolf recommendations

Since April 2000 the conduct of medical litigation has
changed dramatically. It has been acknowledged that the
process of ‘‘going to court’’ has become extremely costly.
In the UK the National Health Service (NHS) has to put
aside some many millions of pounds to cover the cost of
current cases trawling through the courts.

Lord Woolf16 chaired a number of working parties on
the subject of negligence. The groups concluded that the
civil justice system had become excessively adversarial,
slow, complex, and expensive. This was particularly true
of medical negligence. There were five areas of great
concern.

1. The relationship between the costs of the
litigation and the amount involved was
particularly disproportionate. The costs were
particularly excessive in low value cases.

2. The delay before claims were resolved was
unacceptable.

3. Unmeritorious cases were pursued and clear-cut
claims defended for longer than happens in other
areas of litigation.

4. The success rate was lower than in other personal
injury litigation.

5. The lack of cooperation between the parties to
the litigation and the mutual suspicion as to the
motives of the opposing party was frequently
more intense than in other classes of litigation.

As a result of the working parties a number of changes
have been introduced, the effect of which has been to
change and speed up the process:

� the introduction of ‘‘fast track’’ mechanisms for
minor cases;

� restrictions in the application of legal aid;
� the development of mediation as an alternative to

court;
� the imposition of strict timetables by the courts on

all aspects of cases;
� the reduction in the number of expert witnesses that

can be called;
� the alternative use of a single ‘‘joint medical expert’’

by both parties;
� conferences of medical experts to agree the medical

findings to minimize the need for court attendances.

Far too few treatments for chronic pain have been sub-
jected to rigorous analysis, hence the risk of litigation is
potentially greater. The majority of claims result from
personal injury and loss of income from work-related
incidents (Table 53.2). Nevertheless, claims for medical
negligence are increasing.

The clinician may also become involved in assessing pain
as part of a claim for personal injury or when determining

the prognosis and future management of a patient suffering
pain and disability from a work-related injury.

Acute pain management is not exempt either. Litiga-
tion may result from intraoperative pain procedures such
as injections or blocks. It could also result from a failure
to consent and has led on occasion to charges of assault.
Claims may also arise because of ongoing symptoms
following an otherwise normal procedure. Examples
might include post-spinal headache and low back pain
following epidural anesthesia (Table 53.1).

PREPARATION OF THE REPORT

There are three principal elements to a report: the history,
the physical and other findings, and then the comment
and opinion.

Most medical reports are structured in this format.
The content may well run to several thousand words so it
is important that the report is annotated effectively. This
can be by paragraph but it is often easier to number each
individual statement or comment. Of course one should
use an easy-to-read type face and font size which is
appropriate. Double line spacing also adds to clarity.
Another approach is to write it like a manuscript with
each section titled, with an index at the front, and a
summary or conclusion at the end.

Preparing a useful medical report involves time and
deliberation. It is necessary to assess the injury and the
circumstances around the event. Reference to general
practitioner records will give insight into the patient’s past
behavior and previous relevant problems. The history
should be extensive, details of all relevant problems,
events, investigations, treatments, and responses should
be recorded. Consistency of these facts across all medical
reports strengthens the plaintiff ’s case.

The examination should be an opportunity to sub-
stantiate the patients’ claims. It can be an opportunity to
assess their demeanour and how tasks such as removing
garments and putting on shoes are performed. It is also
important to look for features, which may suggest
enhancement of the patient’s problem (Box 53.1).
Invariably lawyers will want assessments on future pro-
gress so a request may be made for condition and prog-
nosis reports. It is most difficult to estimate future
disability and responses largely depend on the personal
experience of the examiner.

The inclusion of recognized scale results can be useful
for example:

� pain rating scales (McGill, Melzack);17

� depression (Beck);18

� disability (Roland-Morris);19

� health status (SF 36).20

When preparing the report it is important to evaluate the
validity of claims and the opinions of other experts.
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Reference to published studies is always extremely valu-
able. When drawing a conclusion it is useful to record the
initial problems and level of disability and to relate that to
the recovery made unto the time of the examination.
Giving a prognosis is difficult and often it is more relevant
to provide advice on further lines of support or treat-
ment. However, when the prospects of further improve-
ment are slim this should be clearly stated.

HISTORY

The history is an opportunity to explore the background
to the problem. The expert should gather as much
information as possible relating to the problem (Box
53.2). This is a time-consuming activity, but provides
great understanding of the patient and the problem.
Information should be recorded in chronological manner
and particular reference made to relevant issues. It is not
appropriate to be judgmental. However, in a patient
making a claim for a work-related back injury it is
essential to record past episodes of back pain, even pre-
vious claims. One will be asked to give an opinion as
to the relative impact of past disease on the present
complaint.

Previous behavior can provide an illuminating back-
ground on the patient. A history of psychiatric disease or
affective disorder will give an insight into the ability of the
patient to manage ‘‘life events.’’ Similarly, patients who
are failing to cope will tend to consult their GP’s fre-
quently, some attending 60–80 times in a single year.
Records demonstrate how trivial the symptoms often are.

The sickness record is also an indicator to recovery.
Patients who maintain a work ethic, even if the scale of
duties is reduced, have a better prognosis. Those who
remain off sick for two years or more are unlikely to
return to useful employment.

The impact of previous treatment needs to be
recorded.

The social and domestic framework in which the patient
exists should be included. If the patient has been sig-
nificantly disabled by the injury it often results in socio-
economic difficulties (Table 53.3). There is often major
disruption to lifestyles, there may be role reversal by
family members, support needed for children, and the
individual may become socially isolated and depressed.
All of this information should be recorded in the body of
the history.

THE EXAMINATION

This is the most critical part of the whole process and
generally provides ‘‘the substance’’ to the claim. Here
there can be a factual representation of the plaintiff ’s
problems.

A full physical examination is required, but emphasis
must be placed on the musculoskeletal and neurological
systems.

Neurological examination

One is looking for evidence of loss of function including
obvious sensory changes, failure of coordination, and any
dissociative losses. One should observe the usual para-
meters including reflexes, coordination, position sense,
gait, and overall fitness.

Particular emphasis should be noted of the areas of
distribution of the changes and are they consistent with
nerve injury. The use of pain drawings can assist. Likewise
the availability of electromyogram (EMG) reports will
add support to any conclusions.

The presence of altered sensation (allodynia and
hyperalgesia) is extremely important, particularly when
one is assessing neuropathic or complex regional pain
syndromes. It may be necessary to resort to qualitative
sensory testing to confirm the nature of small fiber
damage or sympathetic fiber impairment.

Box 53.1 The ‘‘litigious’’ patient frequently
exhibit some of the following

� Previous pain problems
� Family experience
� Illness behavior
� Medication abuse
� Poor response to previous treatment
� Poor compliance with treatment
� Exaggerated responses to examination
� Inappropriate symptoms and signs
� Lack of eye contact
� Difficult communication/consultation
� Anger and resentment

Box 53.2 Source information for medical
reports

� GP records
� Hospital notes
� Nursing reports
� Therapy reports (physiotherapy, occupational

etc.)
� Accident and Emergency records
� Previous medical reports
� Written correspondence
� Social service reports
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A simpler approach can be to measure the impairment
of the sympathetic systems by testing the responses to
heat and cold.

When there are advanced changes (e.g. Sudek’s atro-
phy), photographic evidence is invaluable.

Musculoskeletal system

One is obviously looking for physical deformity, loss of
joint range, and evidence of disuse such as muscle
wasting.

Simple measurement observations can be used to
record the degree of restriction, such as flexion, extension,
or rotation. Measuring muscle girth can assess evidence of
muscle wasting. The more subjective measures of muscle
power and muscle spasm should be recorded. There are a
number of mechanical grip strength recorders available
and these can be used. Various categorical scales are used
to assess lumbar muscle spasm but they remain very
subjective.

It is necessary to differentiate if the restrictions in
movement are due to the onset of pain or as a con-
sequence of a fixed deformity. One should look for
inappropriate signs and these are particularly relevant in
managing back-related problems.21

As many patients suffer from limited mobility it is
important to observe their locomotion and in particular
how patients manage changes in posture, for instance
getting on to an examination couch or out of a chair.

Likewise, valuable information can be gleaned by the
way the patient sits during the history taking. Is there
evidence of rigid posture, fidgeting, position changing, or
other features indicative of discomfort? In assessing illness
behavior, is the plaintiff displaying evidence of elaborated
responses, movements, or posture and using any support
such as a splint, crutch, or corset.

THE CONCLUSION AND OPINION

The purpose of the report is to present to the court an
analysis of the plaintiff ’s condition structured around the
history and physical examination. It is then necessary to
form an opinion as to how the present state arose and
whether or not such a condition can be linked to any
antecedent event. At all times the report should be
objective and succinct. It is often worthwhile attaching
explanations for common conditions, such as illness
behavior and neuropathic pain by way of explanation.

If one is of the opinion that the plaintiff has suffered
injury then it is imperative that one presents a suitable
case by drawing out the salient facts and demonstrating a
causal link. One should not only explore one’s own per-
sonal experience but seek to back up any comment or
view by reference to the published medical literature. It
may also be relevant to include recommendations from
professional bodies such as the Royal Colleges or National
Societies.

Increasingly, the courts are requesting that medical
experts meet after reports have been exchanged so that a
joint statement can be produced identifying the areas of
commonality and disagreement in the evidence.

Whilst this can help reduce the attendance of experts
in court and is to be encouraged, it does sometimes
diminish the possibility of a fuller explanation of the
opinion in court, perhaps under cross-examination.

Cases in which the primary disability is pain are often
the most difficult to present. The lack of physical signs
and the subjective nature of symptoms can add to the
confusion. Nevertheless, more reliance is now placed on
behavioral aspects of cases and psychologists are fre-
quently consulted to add weight to the observation of the
pain clinician. Likewise, the concept of post-traumatic
stress disorder and somatoform pain disorder are more
readily accepted.

Frequently one is asked to give recommendations as to
the prognosis and the eventual return of the plaintiff to a
more normal existence. There are no hard rules and the
conclusion is often based on the experience of the clin-
ician from within their own clinical practice (Table 53.4).

Finally, it must be remembered that anything that one
writes in a medical report may be studied very closely by
lawyers for either party. Therefore one must always be
certain to check all direct statements for clarity and accu-
racy and ensure that all opinions can be substantiated.

A typical report would be structured to the following
format:

� reason for the report;
� information available: statements, records and reports

provided for analysis;
� statement of impartiality;
� summary of findings and opinion;
� background medical history and relevant treatment

related to incident;

Table 53.3 Social impact of injury.

Work Home

Loss of employment Income reduction

Care assistants

Benefits cycle Driving support

Domestic cleaning

Medical retirement Care facilities for children

Meals preparation

Bathing aids

Boredom and depression

Social isolation

Family conflict

Recrimination and anger

Inability to enjoy social pleasure

Dining, theater, sports

Impaired sexual relationships
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� past medical history, previous injuries, vulnerability,
psychological factors;

� present situation and review of principle issues:
– overall impact of injury;
– the effects of ongoing pain and suffering;
– changes in physical capabilities;
– emotional disturbances, past and present;
– impact on home life, the family unit, and

activities of daily living;
– impact on social and sporting activities.

� review of general practitioner, hospital, and other
records;

� clinical examination findings (should an attendance
for examination be required);

� opinion:
– causation;
– condition and prognosis;
– recommendations for future care and

management.
� analysis and comments concerning defendant/

plaintiff reports provided;
� conclusion.
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Table 53.4 Predicted time ‘‘off sick’’ after acute injury (years) for

those involved in litigation (author’s case review).

Condition Persistent
pain

Functional
recovery

Full
recovery

Simple fracture No 1 1

Neuropathic pain Yes 2 5

Low back pain Yes 2 3–5

Acute sciatica No 1 1

Back pain on

benefit

Yes 10 ?

Neuropathy Yes ? ?

Fibromyalgia No 3–5 5–7

Nerve entrapment No 1–2 1–2

Functional recovery reflects the time period in which the plaintiff should
be able to return to former or equivalent employment.
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referral problems 612

regulatory changes 614

resources required 583

role 579–603

service provision 581

acute pain service director 583

acute pain service implementation,

NHS

challenges, addressing 612–4

change, path of least resistance 610

dissemination programmes 608

evaluation 608

existing values/norms, challenges

to 610–1

inter-professional working

difficulties 611–2

local adaptation 608

‘‘lowest common denominator’’

approach 608

national performance agendas

and 610

organization change literature 607–12

content issues 607–8, 612–3

context issues 608–10, 613

lessons from 613

process issues 610–4

partial 608

political mandates 610

problems 605–7

professional boundaries in 612

service reorganizations and 609–10

trust mergers 609–10

at turbulent time 609

1980s 609

1990s 609

acute pain service referral form 631–4,

636–7 F

acute phase protein 68–9

acute phase reaction 68–9

addiction

characteristics 113

opioids see opioid addiction

additive effects, clinical trials 518

adductor tendonosis, soft-tissue

injection 356

Ad-fibers
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subcutaneous drug infusion 125–6,

130–1

tolerance development 539

children see children

epidural see epidural analgesia

regimen selection, APS 586–8
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anatomy 289–90

complications 291

indications 289

see also individual blocks

ankle joint 353

anserine bursitis 356
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non-health related impacts 246,

250 F

questionnaires 247–8
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aspirin, children 464

assay sensitivity 516

dental pain model 533

documenting 533

downside 516, 534

improving 533
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complications 270 T
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indications 162–4
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interventions 96

biomedical reductionism 655

biopsychosocial framework, treatment

interventions 96
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blinding, clinical trials 520, 571

cancer pain 542
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children 471
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indications 265

stellate ganglion block-induced 329

techniques 264

see also individual techniques
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breakthrough pain

cancer pain clinical trials 539

rescue medication 541–2
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contraindications 135
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metabolism 135

side effects 136
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carryover effects 520, 555–6

case formulation 95–106
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local anesthetic 473

method 472–3

celiac plexus 341
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anatomy 341
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indications 341
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technique 341–2, 342 F
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central sensitization
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imaging 88–9
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central summation 52

cerebral blood flow (CBF) imaging 84
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cervical dorsal root ganglion
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cervical radicular pain 399
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contraindications 397

diagnostic root blocks 397–8, 397 F

efficacy 398–9

indications 397

side effects 398

technique 397–8, 398 F
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results 367
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cervicothoracic sympathetic chain 327,
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block see stellate ganglion block
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approaches 447–8
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455 T
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see also individual drugs
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buccal drug administration 463–4
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epidural analgesia see epidural

analgesia
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hypnosis see hypnosis
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intramuscular drug

administration 464

intranasal drug administration 463–4

intravenous drug administration 464

local anesthetic procedures 469–74

mind/body skills see mind/body skills
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nurse-controlled analgesia 467, 467 T

opioids 465–8

oral drug administration 463

pain assessment 447–61

critical care patients 453

cultural considerations 458
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ethnic considerations 458
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parental role 458

postoperative 451–3

procedural 451
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limitations 20

physiological indicators 20
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pain management 462–77

management plan 462, 463 T

multimodal analgesia 462
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procedures 252–3

rectal drug administration 463
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administration 464
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Children’s Hospital of Eastern Ontario
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procedural pain assessment 451, 452 T
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effect 505–6

chronic back pain
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lower back see chronic low back pain

(CLBP)

magnetic resonance volumetry 89

multidisciplinary treatment 223
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opioids 117

chronic intractable pain, radiofrequency
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chronic low back pain (CLBP)

activity limitation assessment 222

biofeedback 163
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438
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in 163

chronic pain

acceptance of 168–9

anger and 621–2

assessment 3–4

children 455–6

nonmalignant pain 21

biofeedback 149–50, 165

children 486–7

cryoanalgesia 383–7

depression and 147, 621

direct cost estimation 624–5

disbelief, feelings 171–2

frustrations, patient 3

history-taking see history-taking

indirect cost estimation 624–5

litigation sources 678 T

meaningful change 22–3

muscle tension perception 157

muscle tension resting levels 155

opioid ligand binding studies 90
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physical examination see physical

examination, chronic pain
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physiotherapy, patient education 223

quality of life reduction 620
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‘‘self,’’ understanding of 171

treatment environment 171–2

spousal responses 171

sympathetic block indications 325
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multidisciplinary pain clinical
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cooperation 583
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postoperative pain

management 665–9

see also individual guidelines
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clinical trials

active placebos 520

acute pain 514–28

additive effects 518

assay sensitivity see assay sensitivity

baseline pain 519

blinding 520

cancer pain see cancer pain clinical

trials

chronic pain 514–28

screening periods 519

control choice 516–8

crossover studies see crossover studies

definition 514–5, 552

design 516

drop outs 524–5

duplicate publication 563
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patient’s assessment 521

self-report measures 520

enriched enrollment 519–20

evoked pain 521, 522 T

explanatory attitudes 515, 515 T

Good Clinical Practice Guidelines

554

good practice 531

intention-to-treat 524–5, 525 T

interpretation problems 533

long-term 524

neuropathic pain see neuropathic pain

clinical trials

outcomes 520–4
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global assessment 523–4

health-related quality of life 523

onset of analgesia 522–3

remedication time 522

repeated measurements 522

rescue analgesia consumption 522,

523 F

time to meaningful pain relief

522

pain mechanism-based
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parallel studies see parallel studies

patient inclusion 519–20

per-protocol analysis 524–5, 525 T

placebo response, knowledge of 518

pragmatic attitudes 515, 515 T

primary efficacy variable

definition 515–6

publication 525

selective 563

quality of life assessment 524

randomization methods 519

registration 525

relative potency 516–8

responder analysis 524

sample size estimation 524, 524 T

side effects assessment 523

statistical issues 524–5

study purpose 515

surrogate end point 515–6

synergy 518, 518 F

treatment choice 516–8

unblinding 520
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clonidine

acute pain treatment, long-term

opioid therapy patients 115–6
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doses 469 T

intrathecal delivery complications 377
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PCA 295
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clotting abnormalities, subcutaneous

drug infusion and 122
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Cochrane Collaboration 677–8
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cognitive-behavioral model of fear of
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cognitive-behavioral therapy (CBT)
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cognitive function impairment, cancer
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cognitive fusion 169

cognitive pain measures 31

cognitive processes, pain measures 31
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collective ethics 547–8
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critical care 453, 454–5 T

‘‘Comfort Zone’’ 647
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interdisciplinary team member

recommendations 624
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psychological preparation 252

comparator drugs, cancer pain clinical

trials 548

compatibility, APS

recommendations 610

‘‘compensation neurosis’’ 678–9

complaints

procedure 681

reasons for 678

types 678–9, 678 T

complex regional pain syndrome

(CRPS)

electrodermal activity training 488

results judging, case study 97–8, 98 T

sympathetic blocks 325

clinical trials 325

comprehensive pain rehabilitation

programs, North America 619–27

accreditation 623–5

clinical effectiveness 624

cost-effectiveness 624

cost-utility analysis 625

family issues 623

financial issues 623

interdisciplinary team members 624

medical utilization 623

medication issues 622

national advisory committees 623

treatment ‘‘success’’ 625

work issues 622–3

computed tomography (CT),

cryoanalgesia 382

conceptual diagrams 98, 99 F

concurrent validity, pain measures 37

confrontation 177

congestive cardiac failure, epidural

steroid injection

contraindication 424

consent

clinical trials

cancer pain 548–9

dental pain model 531

patients without capacity 555

epiduroscopy 430

informed see informed consent

lack of 680

opioids, chronic nonmalignant

pain 112–3

Consolidated Standard of Reporting

Trials (CONSORT) 562–3,

563 F

construct validity, pain measures 37

content, context and process (CCP)

framework 607

context effect 500

contextual cognitive-behavioral therapy

(CCBT) 167–76

chronic pain model 168 F

definitions 168

focus exercise 173

perspective exercise 173

treatment outcome, chronic

pain 172–4, 174 F

case study 173

depression 173

follow-up 173

continuous data 572

continuous peripheral nerve blockade

(CPNB) 258

continuous quality improvement

(CQI) 670–1, 672 F

care improvement plan development/

implementation 671

evaluation study 670

interdisciplinary committee 670

reevaluation 671

continuous subcutaneous infusions

(CSCI)

indications 122

usage assumption 121–2

controlled dissociation 147

conus medularis 417

coping model, surgical patients

252

coping strategies 31

cordotomy 244

coronary circulatory insufficiency,

thoracic sympathetic block 330

cortex, pain modulation 146

corticosteroid injections 349–50

epidural see epidural steroid injections

historical aspects 349–50

cost-utility analysis (CUA), pain

rehabilitation programs 625

counter-irritation effects, manual

medicine 235–6

counts, definition 572

cranial nerve examination, peripheral

neuropathy 78

C-reactive protein (CRP) 69

creatine kinase (CK) 68

critical analysis of errors, APS 595–6

critical care pain assessment,

children 453

crossover studies 520

cancer pain clinical trials 543–4, 544 F

disadvantages 555

drop outs 525

drug safety evaluation limitations 557

limitation/problems 520

neuropathic pain clinical trials 555–7,

556 F

randomization 521 T

treatment vs. carryover effect

designs 544 F

unintentional unblinding 556

cryoanalgesia 379–88

acute pain 383

chronic neuropathic pain 381

chronic pain 383–7

complications 381

contraindications 381

defrosting 382

diagnostic block 382

equipment preparation 381–2

freeze-thaw cycles, number of 380–1

freezing 382

imaging 382

indications 381

nerve regeneration 380

neuromas 381

pain relief duration 380

patient preparation 381

physical determinants for

success 380–1

fast freezing rates 380

slow freezing rates 380

physics 379–80, 380 F

physiology 380

postoperative pain 383

principles 257

probe temperature 380–1

procedural pain analgesia 382

risks 381

technical data 379–80

techniques 382–3

nerve localization 382

nerve stimulation 382

palpation 382
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percutaneous (closed) 382

preoperative (open) 382

probe insertion 382

treatment duration 380–1

see also individual nerves

cryomachines 379–80

cryoneurolysis see cryoanalgesia

cryoprobes 379–80, 380 F

positioning 381

size 381

temperature 380–1

cue-controlled relaxation 161–2

Cumulative Index to Nursing and

Allied Health Literature

(CINAHL) 570 T

cumulative sum technique, pediatric

APS audit 644

cupula of the pleura 327

cutaneous field stimulation 194

cutaneous hypersensitivity,

opioid-induced 129

cutpoints, pain measure validity 37–8

data and ethic monitoring committee,

clinical trials 562

databases

bibliographic 570 T

pediatric APS 644–5, 644

de-briefing, hypnosis 482 T

Decade of Pain Control and

Research 655

deception, placebo effect 503, 503 T

Declaration of Helsinki

clinical trial ethics 553

patient information 531

placebo ethics 508, 559

revised, results publication 525

deepening stage, hypnosis 482 T, 483

deep pain tolerance, age-related

changes 20

deep peroneal nerve block 290 F, 291

defibrillation devices, SCS

contraindication 407

dental pain clinical trials see dental

pain model

dental pain model 529–37

advantages 530, 535

assay sensitivity 533

baseline pain intensity

as confounding factor 533–4,

533 F

surgical intervention in 533–4

baseline pain variations 530–1

consent 531

crossover studies 530

definition 529–30

disadvantages 530–1, 535

drugs evaluated 530

exclusion criteria 532

good clinical trial practice 531

inclusion criteria 532

monitoring 531

operative procedures 531–2

parallel group design 530

patient information 531

patient understanding of

instructions 532

placebo controls 534, 535 F

postoperative pain natural

course 530–1

practical tips 535

protocol 531

protocol compliance 532

rescue analgesia 534–5

single-dose studies 530–1

trial duration 530–1

dental treatments, TENS 195, 200

depigmentation, soft-tissue

injection-induced 354

depression

cancer pain and 147

chronic pain and 147, 621

placebo effect 507

De Quervain’s stenosing

tenosynovitis 355

descending modulatory system 88

developmental disabilities, pediatric

pain assessment 456

dexamethasone 419

diabetes mellitus

epidural steroid complications 423

epidural steroid injection caution 424

diabetic neuropathy

as clinical trial model 558

TENS 195

diamorphine

epidural analgesia 319

intranasal administration 307

intrathecal delivery complications 377

subcutaneous drug infusion, cancer

patients 127 T

diaphragmatic breathing 160

children 481–2

diaphragmatic pumps, intrathecal drug

delivery 371, 372

diclofenac

children 465 T

subcutaneous drug infusion, cancer

patients 130

diffuse noxious inhibitory controls

(DNIC) 209

manual medicine 235–6

diffusion tensor imaging (DTI) 89, 89 F

disability, definition 221

discogenic low back pain

artificial disk implants 442

epidural steroid injections 422

discTRODE 439, 439 F

effectiveness 441

efficacy 441

intradiscal electrothermal therapy

vs. 441

distal lumbar plexus block see fascia

iliaca compartment block

distraction

children

hypnosis vs. 148–9

preprocedural 252

low hypnotizable subjects 147

surgical patients 251

distress assessment, children 453

divergent validity, pain measures 37

dorsal column, sensory

homunculus 406

dorsal column stimulation see spinal

cord stimulation (SCS)

dorsal horn, central sensitization 89

dorsal nerve of penis 291, 470

dorsal root ganglion, lumbar see

lumbar dorsal root ganglion

dose escalation, tolerance

development 539

double-blind design 554

double-blind procedure 520

double dummy 524

downside assay sensitivity 516, 534

driving, TENS caution 195–6

droperidol, PCA and 296

drug(s)

history-taking 6

hoarding, problematic opioid use 117

drug allergies, history-taking 6

drug development studies, phases 553 T

drug-induced reactions, subcutaneous

drug infusion 125

drug-related neuropathy, clinical trial

model 558

drug toxicity, peripheral neuropathy 77

dry mouth, antidepressant-induced 139

duloxetine 138

dura, accidental penetration 473

dural sac 417

dural tap 473

SCS-induced 411

dynamic analgesia

assessing 589

definition 579–80

epidural 312

dysesthetic skin, TENS

contraindication 195

dysmenorrhea, TENS 201
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early receptor potential (ERP),

hypnotic analgesia 149

Echelle Douleur Enfant San Salvadour

(DESS) 456

effect size 572

elbow

nerve blocks 270–1

anatomy 270–1

indications 270

soft-tissue injection 355

elbow joint, intra-articular

injection 352

elderly

pain intensity measurement 20

pain perception changes 20

PCA 298–9

electrical skin burns,

TENS-induced 198

electroacupuncture 209

electroanesthetic equipment,

history 193–4

electrodermal activity (EDA)

biofeedback 487 T

complex regional pain syndrome

488

needle phobia 489

electrodermal response,

biofeedback 486 F

electrodes, TENS see transcutaneous

electrical nerve stimulation

(TENS)

electroencephalography (EEG) 84

biofeedback 487 T

electrolyte testing 68

electromyographic-assisted

relaxation 157–8

recurrent headache 163

electromyography 157–8

biofeedback 487 T

machine variability 158

EMBASE 570 T

emotional Stroop task, pain-related

fear 178–9

endocrine system, placebo effect 505 F,

507

end-of-dose failure 539

endogenous opiates, hypnotic

analgesia 149

endoscopes, epiduroscopy 428 F

endoscopic adhesiolysis 244

efficacy 434

low back pain with sciatica

433

enriched enrollment, clinical

trials 519–20

cancer pain 544, 544 F

neuropathic pain 558

epidural abscess 318

epidural steroid injection-

induced 422, 423

monitoring 593

SCS-induced 411

epidural analgesia 311–21, 244

abscess induction see epidural

abscess

adverse effect reduction 313

APS 587

catastrophic complications 313

children 318, 472–3, 473–4

anatomy 473

catheters 473

caudal approach see caudal epidural

analgesia, children

complications 474

drugs/infusions 473–4, 474 T

epidural space identification 473

indications 473

local anesthetic-opioid

combinations 474

monitoring 474

peripheral nerve block vs. 472

technique 473

complications 593

discharge information 586, 594

drug combinations 313, 314 F

alternatives 319

safety 315

effectiveness, epinephrine in 314 F,

315

efficacy optimization 313

excessive doses 313

hypotension 591

indications/uses 312

intensive care unit patients 318

in labor 318

lumbar 312–3

children 473–4

motor block development 593–5

informal testing 594

obstetric pain 316–8, 319

personnel 319, 320

post-abdominoperineal surgery 318,

320

post-lower limb surgery 318

postoperative cardiopulmonary

outcomes 312–3

postoperative pain 316–8, 319

analgesic mixture 316

catheter site tenderness 317

catheter tip levels 316

closed system 317, 317 F

contraindications/relative

contraindications 316

discontinuation 317

education program 319

indications 316

monitoring 317, 319

pain management program

requirements 319

patient-controlled 317

procedure 316

sterile techniques 317

preprinted flow sheets 592–3 F

preprinted standard orders

592–3 F

prescription 316–8

pulmonary postoperative

complication reduction 312

risks to patient 313

safety 313

sensory block development 593–5

informal testing 594

spinal cord blood flow 315–6

thoracic vs. lumbar 312–3

vaginal delivery 312, 318, 320

drug regime 318

procedure 319

epidural blood vessel trauma,

epiduroscopy 428

epidural catheters, children 473

epidural fibrosis

adhesiolysis 429

nerve root strangulation 429

radiculopathy 429

surgically-induced 429

epidural hematoma 318

epidural steroid injection

complication 422–3

monitoring 593

epidural space

aging-related changes 428

estimation, children 473

epidural steroid injections 416–26

anatomy 417–8

back pain 416–26

caudal approach 418

complications 423

indications 417

complications 422–3

injectate-related 423

needle malpositioning 422

procedure-related 422

contraindications 423–4

absolute 424

relative 424

drugs used 419

duration 417

failure 419, 419 T

fluoroscopy in 419

historical aspects 416–7

indications 417
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interlaminar approach 418

complications 422

indications 417

local anesthetic test dose 419

pharmacological mixtures 419

radicular low back pain see radicular

low back pain

routes of administration 418

‘‘safety triangle’’ 418

side effects 422–3

small unmyelinated C-fibers 417

transforaminal approach 418

complications 422–3

indications 417

preganglionic 418

selective subdural nerve root block

vs. 418

epidural test dose, children 473

epiduroscopic adhesiolysis 431, 431 F

epiduroscopy 427–37, 244

antibiotic prophylaxis 430

chronic pain management 428–9

chronic radiculopathic pain

diagnosis 432

therapeutic usefulness 432, 433 T

completion 432

consent 430

definition 427

endoscopes 428 F, 429

epidural space observation 430–1

epidural structures viewed 428

epidurograms, preoperative 430–1,

431 F

exclusion criteria 430

foreign body removal 435

historical aspects 427–8

modern instruments 427–8, 428 F

indications 428

inflamed nerve root appearance 432

morbidity 435

MRI vs. 432 T

noninflamed nerve root

appearance 432

outcome studies 433–5

conclusions from 434–5

low back pain with sciatica 433–4

spinal stenosis 434

pregnancy 428

procedure room set up 430 F

radiofrequency lesioning 435

saline flow 431

steroid placement vs. caudal epidural

steroids 433–4

targeted therapy 432

technique/practical aspects 429–32

basic requirements 430

endoscope sterilization 430

epinephrine

cryoanalgesia 382

epidural analgesia 313

coughing pian during 314 F, 315

effectiveness 314 F, 315

epidural blood flow 315

optimal doses 315

pharmacodynamic interactions 316

pharmacokinetic interactions 316

platelets, effects on 315

safety 315

spinal cord blood flow 315–6

equivalence trials 516

assumptions 516

neuropathic pain 559–60

error variance, pain measures 36

erythrocyte sedimentation rate

(ESR) 69

escape behaviors, pain-related fear 178

ethanol see alcohol

ethics

cancer pain clinical trials 547–9

rescue medication 541–2

collective 547–8

individual 547–8

neuropathic pain clinical trials 553

placebos see placebo

post-clinical trial access to

treatment 562

sham surgery 509

ethnicity, pain perception 13

E-TRANS 304–5

European Medicines Agency

website 564

European Society of Regional

Anesthesia and Pain Therapy,

Postoperative pain management -

good clinical practice guidelines

see Postoperative pain

management - good clinical

practice

European Union Clinical Trials

Directive, neuropathic pain

trials 552–3

evaluation, innovations 608

event rate measure, neuropathic pain

clinical trials 561

evoked pain clinical trials 521,

522 T

exercise 223–4

chronic low back pain 223

fibromyalgia 223

manual medicine and 237

osteoarthritis 223

prognosis 223–4

rheumatoid arthritis 223

rotator cuff disease 223

expert medicolegal report 677–85

clinician’s competency 679

concerns 679–80

examination 683–4

altered sensation 683

locomotion assessment 684

musculoskeletal 683–4

neurological 683–4

functional capacity, individual 679

history taking 683

sickness records 683

social/domestic framework 683

socioeconomic difficulties 683,

684 T

illness behavior assessment 684

incidence/complication, nature of 680

informed consent 680

joint statements 684

lack of consent 680

‘‘litigious’’ patient characteristics 683

malingering/false claims 680

‘‘off label’’ drug use 680

personal loss and suffering 679

report

conclusion 682–5

future progress assessment 682

layout 682

opinion 684–5

preparation 682–3

prognosis recommendations 684,

685 T

source information 682, 683

structure 684

standards of care 679

treatment suitability 679–80

explanatory studies 515, 515 T

extensor tenosynovitis 355

extradural neurolysis 341

complications 341

Face, Legs, Arms, Cry, Consolability

(FLACC) scale 20

postoperative pain assessment 451–3

procedural pain assessment 451,

452 T

face scales, acute pain assessment 448–9

photographs 448

schematized pictures 448

Faces Pain Scale (FPS) 16 F

acute pain assessment 448–9

Faces Pain Scale-Revised (FPS-R) 15–6,

16 F

acute pain assessment 448–9,

449 F

chronic pain assessment 455–6

cultural/ethnic considerations 458

school-aged children 449
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facet joint injections see zygapophyseal

joint blocks/injections

facet joint syndrome 361

facial hyperalgesia, chronic pain

syndromes 383

failed back surgery syndrome (FBSS)

epidural steroid injections 421

caudal approach 421

transforaminal approach 421

SCS 405

false positive error 501–2

family issues, comprehensive pain

rehabilitation programs 623

fascia iliaca 470

fascia iliaca compartment block 280

children 470–1

anatomy 470

indications 470

local anesthetic solution 471

method 470–1

fasciculation, peripheral neuropathy 78

fear

opioid unresponsiveness 129

pain-related see pain-related fear

Fear-Avoidance Beliefs Questionnaire

(FABQ) 180

fear-avoidance model of exaggerated

pain 177

fear measures 31

femoral nerve 282

femoral nerve block 282

complications 282

continuous see epidural analgesia

practical steps/technique 282, 282 F

fentanyl

children 466 T, 467–8

epidural analgesia 313

children 474 T

pharmacodynamic interactions 316

pharmacokinetic interactions 316

safety 315

intranasal delivery 306

‘‘lollipop’’ 308, 308 F

patient-controlled transdermal

system 306

PCA 467–8

renal disorder patients 298

subcutaneous drug infusion, cancer

patients 127 T

sublingual administration 308

tracheal administration 304

transdermal delivery 304

fentanyl buccal tablets (FBT) 308

fentanyl patches 304

ferritin 68

fetal stimulation, TENS

contraindication 195

fibrinogen 69

fibromyalgia

intravenous ketamine test 62

laser-evoked potentials 51

PET studies 90

fixed effect model, statistics 572

FlexiCore Intervertebral Disk 442

flexor tenosynovitis, soft-tissue

injection 355–6

fluid restriction, hypotension

and 592–3

fluoroscopy, cryoanalgesia 382

fluoroscopy, epidural steroid

injections 419

fluoxetine 138

follow-up completeness, clinical trial

quality assessment 571

Food and Drug Administration

website 564

foot, soft-tissue injection 357

foramen sphenopalatinum 394

foraminal stenosis 418

foreign body removal,

epiduroscopy 435

French-Language Society of Pediatric

Anesthesiologists, pediatric APS

data 644–5

frontal lobe, pain perception 146

frontal-posterior neck placement 163

frozen shoulder (adhesive capsulitis),

soft-tissue injection 355

Functional Activity Scale (FAS),

dynamic analgesia 589

functional contextualism 168

Functional Disability Inventory

(FDI), pediatric chronic

pain 455–6

functional imaging 84, 84 F

functional magnetic resonance imaging

(fMRI) 84

blood oxygen level dependent

(BOLD) 85, 85 F, 86 F

placebo effect 506

positron emission tomography

vs. 87 T

functional restoration programs 658

functioning, definition 221

funnel plot, publication bias 574

futility, clinical trials 562

gabapentin

contraindications 135

dosage/treatment schedule 136

metabolism 135

neuropathic pain trials, sample

size 554

side effects 137

ganglion impar block 345

superior hypogastric plexus block

vs. 345

gas-driven constant flow pumps,

intrathecal drug delivery 371

Gasserian ganglion 392

radiofrequency lesioning 392–4

applied anatomy 392–3

complications 394

general anesthesia 393

historical aspects 392

indications 393

patient discomfort 394

results 394

side effects 394

technique 393–4, 393 F

tunnel-vision technique 393

gastric stasis, opioid-induced 129

gastrointestinal drug absorption 304

gastrointestinal dysfunction,

opioid-induced 110

gate control theory of pain

descending inhibition 146

manual medicine 235

SCS 405

TENS stimulation 194

gender, pain perception 13

general anesthesia

Gasserian ganglion radiofrequency

lesioning 393

local anesthetic procedures,

children 469

genetic markers, pain diagnosis 70–1

genetic tests, hereditary neuropathies

79

genitofemoral nerve 278

genitofemoral nerve block 278–9

anatomy 278

children 470

complications 279

indications 278

landmarks 278

practical steps/technique 278, 279 F

genitofemoral neuralgia,

block-induced 333, 334 F

Geriatric Pain Measure 20

Global Year Against Pain 655

Global Year Against Pain in Older

Persons 655

gluteus medius tendon tears 356

glycerol neurolysis 337–8

trigeminal ganglion 344

goal attainment scaling,

physiotherapy 226

goal-setting charts, physiotherapy 226

golfer’s elbow (medial epicondylitis),

soft-tissue injection 355
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Go Medical patient-controlled

intranasal analgesia device 307,

308 F, 308 T

Good Clinical Practice (GCP)

Guidelines, clinical trials 554

graded activity, graded exposure in vivo

vs. 179, 186

graded exposure in vivo, pain-related

fear 177–90

behavioral experiments 184

case illustrations 183 T, 185

complicating factors 186

increased pain 186, 186 F

maintenance of change 186

education 183–4

effectiveness 186–7, 187 F

at home activities 186–7

exposure 184

fear-avoidance model

explanation 183–4

graded activity vs. 179, 186

systematic desensitization 184

technique 184–6

grand mal seizures, stellate ganglion

block-induced 329

greater auricular nerve (GAN)

383

greater occipital nerve 259, 383

groin pain, cryoanalgesia 386–7

guanethidine, intravenous regional

sympathetic block 333

duration 334

local anesthetics and 333

guided imagery, mindfulness vs.

170

Guidelines for the provision of anesthetic

services 667–8

habituation, manual medicine 236

haloperidol 129

hamstring tear (ischial enthesitis),

soft-tissue injection 356

hand, soft-tissue injection 355–6

harm, clinical trials 562

Harm Scale 180

Hawthorne effect 502

hazard ratio (HR) 572

headaches

biofeedback 486

case example 488–9

cervicogenic 396

hypnosis, school-aged child 485

postdural puncture 422

head and neck

chronic pain syndromes 383

myofascial trigger points 210 F

peripheral nerve blocks 258–64

healthcare delivery systems

pain and 654–62

third-party payers 659

treatment ‘‘carve out’’ practices 659

clinical outcomes 659

healthcare organizations

education 658–9

pain and 654–62

healthcare providers, education 658–9

health-related quality of life, clinical

trials outcomes 523

heart rate, biofeedback 487 T

heat-foil technology, thermal

stimulation 52–3, 52 F

heat pain, thermotest 48–9, 49 F

heat wrap therapy 224

helplessness 145

hematoma

cervical, stellate ganglion

block-induced 329

cryoanalgesia complication 386

epidural see epidural hematoma

SCS-induced 411

hemochromatosis 68

hemoglobin, functional magnetic

resonance imaging 85, 85 F

herbal medicines 5–6

hereditary sensory and autonomic

neuropathy type-1 79

heroin see diamorphine

hip (joint)

anatomy 353

intra-articular injection 353

myofascial trigger points 212 F

osteoarthritis 353

soft-tissue injection 356

history-taking

allodynia 8

chronic pain patients 3–11

back/spinal pain 8

nervous system disorders 8

drugs 6

expert opinion see expert medicolegal

report

herbal medicines 5–6

hyperalgesia 8

peripheral neuropathy see peripheral

neuropathy

see also physician-patient interview

HIV-related neuropathy, as clinical trial

model 558

hormone analyses 68

Horner syndrome, stellate ganglion

block sign 329

human leukocyte antigen-B27

(HLA-B27) 70–1

spondylarthropathies 70–1

humidity, pain perception 13–4

hyaluronan injections 359

hydrocodone, children 466 T, 468

hydrocortisone, epidural injections 419

hydromorphone

cancer patients 127

children 466 T, 468

subcutaneous drug infusion, cancer

patients 127 T

hyperalgesia

cryoanalgesia-induced 381

definition 44

history-taking 8

secondary testing 47–8

vibration 48

hyperesthesia, postsympathectomy 333

hyperhidrosis, postsympathectomy

pain 322–3

hyperpathia 8

hypnoanalgesia

children 483–4

case example 484

endorphins in 492

pain switch/magic glove

technique 483

hypnosis 147–8

analgesia mechanisms 149

cerebral bloodflow changes 492

children 148–9, 482–5

acute procedural pain 483

contraindications 493

distraction vs. 148–9

emergency situations 484

hypnoanalgesia see hypnoanalgesia

i.v. pain 484–5

preschool age 484–5

school-age 485

self-management 148–9

success criterion 483–4

controlled dissociation 147

definitions 480 T, 482–3

goals 482

mechanism of action 492

midazolam vs. 483

muscle relaxation 147

not fighting pain techniques 147–8

pain treatment components 148

perceptual alteration 147

stages 482 T

states 146

subject’s hypnotic ability 147

‘‘switch off ’’ of pain perception 147

temperature metaphors 147

hypnotic imagery, painful

procedures 148

hypnotic trance state 482

adolescents 485
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hypotension

epidural analgesia 591

fluid restriction and 592–3

monitoring, APS 591–3

hypothalamic–pituitary–adrenal (HPA)

axis, nocebo effect 505–6

ibuprofen, children 464, 465 T

iliohypogastric nerve 278, 470

cryoanalgesia 386 F

iliohypogastric nerve block 278–9

anatomy 278, 470

children 470

complications 279

indications 278

landmarks 278

practical steps/technique 278,

279 F

ilioinguinal nerve 278, 470

cryoanalgesia 386 F

ilioinguinal nerve block 278–9

anatomy 278, 470

children 470

complications 279, 470

indications 278

landmarks 278

practical steps/technique 278, 279 F

iliopsoas bursitis, soft-tissue

injection 356

iliotibial band friction syndrome

(runner’s knee) 356

image intensifiers, sympathetic

blocks 327

imagery, biofeedback and 160

imaginative involvement

(protohypnosis) 484

imaging techniques

novel 83–92

see also individual techniques

imipramine 138

IMMPACT see Initiative on Methods,

Measurement, and Pain

Assessment in Clinical Trials

(IMMPACT)

immune system, placebo effect 507

IMPACT (Inpatient Management of

Acute pain and Advice Clinical

Treatment) 582

implanted pacemakers, SCS

contraindication 407

incident pain 539

individual ethics 547–8

induction, hypnosis 482 T, 483

infant(s)

nurse-controlled analgesia 467 T

pain assessment 456–7

measures 457

infection(s)

cryoanalgesia-induced 381

intra-articular injection

contraindication 350

intrathecal drug delivery-induced

376

SCS-induced 411

informed consent

cognitive aspects 548

expert medicolegal report 680

intrathecal drug delivery 373

peripheral neurolysis 338

terminal illness 548

zygapophyseal joint blocks 363

infraclavicular block (Klaastad’s

approach) 264–5, 268

complications 270 T

continuous 268

landmarks 268

practical steps/technique 268,

268 F

infraorbital nerve 260, 260 F, 471

cryoanalgesia 384–5

infraorbital nerve block 261

anatomy 260, 471

children 471

intraoral technique 471

landmarks 260 F, 261

percutaneous technique 471

practical steps/technique 261

infusion pumps

APS 587

pediatric APS 642
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intra-lesional injection see soft-tissue
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catheter connection 375

filling regimes 375, 375 F

location decisions 373

pocket for 375, 376 F

system types 370–1

team composition 373

therapeutic context 372–3
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intravenous patient-controlled analgesia

see patient-controlled analgesia
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(JCAHO) 629

pain as fifth vital sign 655

pain assessment guidelines 656

pain management guidelines 629

pain standards 669

joint manipulations 231

joint mobilizations 230

sciatica 234

Joule–Thompson effect 379–80
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intravenous testing see intravenous

ketamine test

PCA 295

opioid tolerant patients 298
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intra-articular injection 353, 353 F

nerve blocks 287–8

anatomy 288

indications 287
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side effects 140
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contraindications 139
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epidural steroid injections 419

intra-articular injections 351
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peripheral nerve blocks 255–6
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local anesthetic procedures,
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ultrasound guidance 469

see also individual procedures
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results 367

lumbosacral plexus, peripheral branch

blocks 282
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chronic back pain 89

magnetoencephalography (MEG) 84
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match/mismatch model of pain 179

MAVERICK artificial disk 442

McGill Pain Questionnaire

(MPQ) 16–7, 18 F

presurgical assessment 248
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practical steps/technique 272,

272 F

Index ] 703



median nerve block (continued)
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epiduroscopy-induced 435

meningitis, SCS-induced 411
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meta-analysis 571

reliability 571–2

summary statistic choice 572

metacarpophalangeal joint,

intra-articular injection 352

metamizole sodium, PCA 296

MetaRegister of Current Controlled

Trials 570 T
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PCA, opioid-dependent

patients 297–8, 298 T

subcutaneous drug infusion, cancer

patients 127 T
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m-opioid receptors, placebo effect 506

muscle bulk examination, peripheral

neuropathy 78

704 ] Index



muscle discrimination assessment

157

muscle discrimination training 161–2

muscle pain

experimental research

approaches to 45

hypertonic saline injection 46

models 45–6
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obstetric pain, epidural analgesia

316–8

obstructive sleep apnea, PCA 296–9,

298 T

obturator nerve 283

obturator nerve block 283–4

anatomy 283
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treatment objectives 115

treatment plan 115

trial period 115

unresolved questions in 111

gastrointestinal dysfunction 110,

129

intrathecal delivery complications

377

intravenous challenges see intravenous

opioid drug challenges

long-term use guidelines 110–1

neuropathic pain 63

oral, chronic pain 112 T

osteoarthritis 116

PCA 295, 295 T

physical dependence 113

prescription charts, infusion

standardization 632–3 F

problematic use 114

behaviors 114, 117

pseudoaddiction 113, 118

subcutaneous drug infusion, cancer

patients see subcutaneous drug

infusion, cancer pain

tolerance 113

cancer pain 539

PCA 297–8, 298 T

toxicity, subcutaneous drug

infusion 125, 128

transdermal delivery see transdermal

opioid delivery

transmucosal delivery see

transmucosal opioid delivery

withdrawal symptoms 113
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opioid addiction

characteristics 113

chronic nonmalignant pain

patients 114

chronic pain patients 114

behavioral signs 114, 118

prevalence 114

risk factors 114

‘‘opioid contracts’’ 622

opioid rotation

chronic nonmalignant pain 116

subcutaneous drug infusion, cancer

patients 125

opioid switching, cancer pain clinical

trials 542

opioid-unresponsive pain, chronic

nonmalignant 112

opioid withdrawal 113, 622

oral bedside PCA 309

oral drug administration 304

children 463

oral transmucosal drug absorption

304

oral transmucosal fentanyl citrate

(OTFC) 308, 308 F

orbitofrontal cortex (OrbF), placebo

effect 506

order (period) effect 520, 543–4,

556

Orebro Musculoskeletal Pain Screening

Questionnaire 223

organ dysfunction, clinical trial

exclusion criteria 545

organ function testing 67

orthostatic hypotension 335

orthostatic phenomena 139

osmic acid 359

osteoarthritis

first carpometacarpal joint 352

hip joint 353

opioid treatment 116

shoulder joint 351

Oswestry Disability Index (ODI)

Charité artificial disk 442

coverage 32

intradiscal electrothermal therapy 441

Oswestry Low Back Pain Disability

Questionnaire 33–4 T

Oucher self-report pain scale, children

acute pain assessment 449, 450 F

cultural/ethnic considerations 458

‘‘The Ouchless Place’’ 647

outcome evaluation, treatment 102–4

aims 102

daily measurement 103

outcome selection 102–4, 103 T

program evaluation 104

single-subject designs see single-

subject designs, outcome

evaluation

weekly measurement 103

outcome reporting bias 574

outcome stress, surgery 248–9

overt-covert design (open-hidden

paradigm), placebo response 503 F,

504, 507–8, 508 F

oxcarbazepine

contraindications 135

dosage/treatment schedule 136

indications 135

metabolism 135

side effects 137

oxycodone

children 466 T, 468

intermittent use guidelines 596–7 F

subcutaneous drug infusion, cancer

patients 127 T

oxygen saturation, respiratory

depression monitoring 591

pain

anticipation 154

attention to 146

biopsychosocial perspective 619, 655

as construct 13

cortical modulation 146

definition 540

experiences, psychological factors 145

as malignant force 619

meaning of 146–7

mood disorders 147

neurophysiological mechanisms 44

perception see pain perception

somatosensory evaluation 45

traumatic dissociation 146

Pain after Surgery 605

recommendations 581

Pain Anxiety Symptoms Scale

(PASS-20) 180

fibromyalgia 178–9

pain assessment see assessment (of

pain)

pain behavior

facial expressions 32

as hypothetical construct 32

pain measurement 31–2

children 32

pain catastrophizing 178

Pain Catastrophizing Scale, presurgical

patients 248

Pain Catastrophizing Scale for Children

(PCS-C), chronic pain

assessment 455–6

pain conditions, classification 45

pain control exercises, self-hypnosis 148

Pain Coping Questionnaire

(PCQ) 455–6

‘‘pain diary’’

cancer pain 21

chronic nonmalignant pain 21

outcome evaluation 103

Pain Disability Index (PDI) 33–4 T

pain hypervigilance, pain-related

fear 178–9

pain intensity

clinical trial end points 520, 521

definition 13

pain intensity difference (PID) 21,

517 F, 522 F

pain intensity measurement 12–27

advantages 12–3

age extremes 20

assessor ‘‘status’’ 14

composite measures 17

pain memory 14

pictures 15–6, 16 F

questionnaires 16–20

results

handling 21–3

interpretation 21–3

sample size 22

scales 14–6

anchor points 14

cancer pain clinical trials 540–1

descriptive terms 14

single ratings 14

see also individual scales

serial measures 21, 22 T

toys 15–6, 17 F

Pain management services - good

practice 667–8

pain matrix 85–6

pain measures

application 28–42

associated variable measurement 29

behavioral 29

change/difference estimation 38–9

clinical significance 38

meaningfulness 22–3, 38

raw data plots 39, 39 F

reliable 38

researcher/clinician tension 39

type I error 38

type II error 38

compound measures 32–5

content 29–36

domains of outcome 28–9, 29–35

activity 31–2

behavior 31–2

biomedical 30

healthcare resources 35
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pain measures (continued)

pain experience 30

pain relief 30

significant others 35

third party-defined outcomes 35

welfare provision 35

intensity see pain intensity

measurement

methods 29

self-report 29

nonoutcome variables 35–6

output interpretation 36–9

psychometric properties 29, 36

psychosocial outcomes 30–1

acceptance 31

affect/emotion 30–1

anxiety 30–1

cognitive 31

constructs 30

coping 31

fear 31

frustration 30–1

satisfaction ratings 35

social roles, interference with 35

quality 36–9

quality of life 32–5, 33–4 T

reliability 36–7

error variance 36

internal consistency 36

interrater reliability 36, 37

intraclass correlation 37

low 36

test–retest reliability/

repeatability 36–7

selection 28–42

considerations in 29–36

sensitivity to change/

responsiveness 38

treatment aims and 29, 39

treatment process assessment 35–6,

40

adherence 35–6

validity 37–8

concurrent 37

construct 37

cutpoints 37–8

definition 37

divergent 37

estimation 37

‘‘gold standards’’ 37

pain memory, manual medicine 236

Pain Outcomes Questionnaire-VA

(POQ-VA) 20

pain perception

attention in 146

consciousness state 146

elderly 20

factors affecting 13–4

climatic conditions 13–4

demographic 13

ethnicity 13

gender 13

psychosocial 13

time of day 13–4

genetics in 85–6

pain processing

dopaminergic pathways 90

neuroanatomy 85–6, 88 F

pain progression model 655–6

sick role 655–6

stage 1 655

stage 2 655

stage 3 655–6

pain provocative discography 441

pain quality, clinical trial outcomes 521

pain rehabilitation programs, North

American reappraisal see

comprehensive pain rehabilitation

programs, North America

pain-related fear

acquisition pathways 184

attention and 178–9

behavioral performance 178

characteristics 178

children 480–1

assessment 453

cognitive-behavioral

assessment 179–83

behavioral tests 183

future expectations 181

graded hierarchies 182–3, 183 T

interview 180–2, 181

pain severity estimation 181

questionnaires 179–80

reinjury fears 180–1

treatment goals 181–2

cognitive-behavioral model 180–1,

181 F

disconfirmations of harm beliefs 179

graded exposure in vivo see graded

exposure in vivo, pain-related

fear

informational transmission 185

traumatic experience in 184

pain relief, as outcome 30, 521

pain resource nurse programs 643

pain scoring, postoperative pain

management 606

pain services

acute see acute pain service(s) (APS)

birth of 629

children see pediatric pain services

historical aspects 628–9

national guideline development 629

palliative pain management 658

pancreatic cancer, celiac plexus

block 341

paracetamol

children 464, 465 T

PCA 295–6

rectal pharmacokinetics 463

toxicity 464

parallel studies 520

advantages 556–7

cancer pain clinical trials 543, 543 F

drug safety evaluation limitations

557

neuropathic pain clinical trials 555–7,

556 F

paraplegia 422–3

paravertebral nerve block 345

children 471–2

anatomy 472

catheter technique 472

method 472

paravertebral space, children 472

parent(s)

biofeedback, involvement in 488

child pain assessment 458

distress reduction 252

education, pediatric APS 644

empowerment, procedural pain

management services 647

presurgical behavioral effects 252–3

psychological preparation of

child 252–3

surgical psychological preparation,

child 252–3

Parents’ Postoperative Pain Measure

(PPPM) 20, 453, 453 T

parieto-occipital orienting system 146

parkinsonian patients, placebo

effect 507

participation

ICF definition 221

restrictions, physiotherapy

evaluation 222

passive movements 230

patellar tendonosis (jumper’s knee) 357

patient-centered interviewing

technique 4

patient-controlled analgesia

(PCA) 293–302

advanced error-reduction features 294

alternative delivery systems 303–10,

304 T

applied anatomy 304

see also individual systems

APS 295

bar coding 294

bolus dose 294

708 ] Index



buccal delivery systems 308

cancer patients 123

children 296–7, 467, 467 T

clinical trials 516–8

validity 518

delivery systems 294

dose error reduction systems 294

drugs 295–6

adjuvants 295–6

elderly 298–9

monitoring 299

electronic devices 294

flow sheets, preprinted 590–1 F

infusion devices 294

infusion systems 294

initial loading dose 294

lockout time 294

locus of control 293

management 294–5

modes 294

monitoring 294–5

morbidly obese patients 298

obstructive sleep apnea 296–9, 298 T

opioids 295, 295 T

opioid-tolerant patients 297–8,

298 T

oral bedside 309

parameters 294

patient-control module 294

patient selection 296

preoperative information 296

children 296–7

prescriptions 294–5

pumps 587–8

renal disorder patients 298

routes of delivery 293–4

side effect management 296

children 297

special applications 296–9

standard orders, preprinted 590–1 F

syringe drivers 294

techniques 293–4

transdermal see transdermal opioid

delivery

transmucosal see transmucosal opioid

delivery

valves 294

patient-controlled epidural analgesia

(PCEA) 317

children 474

pumps 587–8

patient-controlled intranasal analgesia

(PCINA)

adverse reactions/complications 309

bidirectional system 307–8

children 306

devices 307–8, 308 F, 308 T

i.v. PCA vs. 306, 307

side effects 306

patient-controlled transdermal system

(PCTS) 304–6, 305 F

bolus dose 305–6

characteristics 306

clinical trials 306

dose-current relationship 306

side effects 306

patient education

APS 585

discharge information 585, 586

information accuracy 585

pretreatment 585

biofeedback 158–9

cancer pain clinical trials 548–9

pediatric APS 644

physiotherapy 223

patient-operated stopwatches, onset of

analgesia 522

Patient Outcome Questionnaire

(POQ) 672

revision 672

Patients Global Impression of Change

(PCIG) 523–4

patients without capacity, clinical trial

consent 555

patient uniformity myth 96

pediatric acute pain services 630–1

adult services vs. 630

biological factors 630

adverse events reporting 645

after-hours cover 631

analgesic technique selection 635

audit 644

clinical service delivery

organization 631–5

administrative aspects 635–43

algorithms 634–5

availability 631

charting 634

computerized prescribing 634

contactability 631

continuity of care 631

discharge advice 635

documentation 634

dosage guidelines/

standardization 632–3 F, 634

follow-up 635

multiple order avoidance 634

pain scores 634

patient observation

documentation 634

patient review, regular 631

patient selection 631

prescription charts 634, 638–9 F,

640–1 F

referral capture 631–4

referrals 634

sedation scores 634

treatment plans 634

complaints 645

core staff 642

appraisal 642

databases 644–5, 644

frequent flyer concept 645

development factors in 630

emotional development 630

psychological development 631

drug selection 635

education 643–4

children 644

medical staff 643

nursing staff 643

parents 644

physiotherapists 644

equipment choice/management 642

establishment 645–6

existing resource utilization 646

goal-orientated approach 646

guidelines 635

infusion standardization 630,

632–3 F

institutional support 645

minimum requirements 646

model, ideal 631–44

noncore staff 642–3

pain assessment scale selection 635

parental factors 631

personnel 642

protocols 635

quality improvement 644–5

research 644–5

smaller organizations 646

staffing 646

system of governance 645, 645 F

pediatric APS director 642

Pediatric Pain Questionnaire (PPQ)

children with developmental

disabilities 456

chronic pain assessment 456

pediatric pain services 628–53

acute pain see pediatric acute pain

services

barriers to change 629–30

safety concerns 630

birth of 629

cancer pain 650

changing attitudes 629–30

delegate sponsorship 650

lesser developed countries 650

outmoded beliefs 629

persistent pain see pediatric persistent

pain services
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pediatric pain services (continued)

procedural pain 630, 646–7

barriers to improving care 647

guidelines 647

parental empowerment 647

pediatric persistent pain

services 648–50

case managers 649

discharge 650

follow-up appointments 650

initial assessment 649

interdisciplinary model 648

interdisciplinary pain assessment 649

medical practitioners 648–9

nurses 649

occupational therapists 649

personnel 648–9

physiotherapists 649

psychiatrists 649

psychologists 649

referrals 648

role 648

self-efficacy 648

staff employment 649

staff selection 649

team communication 650

team governance 648

treatment plans 649

triage systems 649

pelvic pain, cryoanalgesia 387

pelvis, nerve blocks 291–2

penile block, children 469–70

anatomy 470

complications 470

indications 469–70

local anesthetic solutions 470

method 470

peptidylarginine deiminases

(PAD) 69–70

percutaneous cervical cordotomy 390–2

applied anatomy 390–1

complications 392

historical aspects 390

indications 391

limitations 391

patient discomfort 392

results 392

side effects 392

technique 391–2, 391 F, 392 F

intrathecal injection 391–2,

391 F

patient positioning 391–2

percutaneous radiofrequency cervical

facetal joint denervation 396–7

C2 level 396

electrical stimulation 397

indications 396

motor stimulation 397

results 397

side effects 397

technique 396–7, 396 F

percutaneous radiofrequency lumbar

facetal joint denervation 399–400

electrostimulation 399

indications 399

side effects 400

technique 392 F, 399

entry points 399

treatment efficacy 400

performance, ICF definition 221

periaqueductal gray (PAG)

acupuncture 209

manual medicine 235, 236

placebo effect 506

peridol, PCA and 296

perineal nerve 291

perineal pain, cryoanalgesia 387

period (order) effect 520, 543–4, 556

peripheral finger temperature,

biofeedback 488

peripheral ischemia, TENS 201–2

peripheral nerve(s), age-related

changes 20

peripheral nerve blocks 255–92, 243

abdomen 275–9

agents 255–8

aseptic technique 258

children 469–72

epidural analgesia vs. 472

differential blockade 255

head and neck 258–64

local anesthetics 255–6

lower limb 279–91

needles 258

neurolysis see peripheral neurolysis

pelvis 291–2

resuscitation equipment 258

techniques 255–8

thorax 275–9

ultrasound-guided 257–8

upper limb 264–5

see also individual nerve blocks

peripheral nerve entrapment

syndromes 357–8

peripheral nerve stimulation, nerve

location 257

peripheral nerve stimulator (PNS) 257

brachial plexus block 265

femoral nerve block 282

lateral cutaneous nerve of the thigh

block 284

peripheral neurolysis 338

sciatic nerve block, lithotomy

approach 286

peripheral neurolysis 338–9

agents 256–7

complications 256, 339

consent 338

disadvantages 256

doses 338

indications 256, 338

neuropathic pain induction 256

permanent anesthesia 338

techniques 257, 338–9

peripheral neuropathy

axonal vs. demyelinating 76–7

blood tests 78–9

classification 76–7

anatomical 76

fiber type 76, 77 T

clinical history taking 77–8

drugs/toxins 77

family history 78

past medical history 77

presenting complaint 77, 77 T

social history 78

systems review 78

diagnostic algorithms 75–82

examination 78

imaging 80

laboratory investigations 78–81

unmyelinated fiber function 79

large fiber 76, 77 T

mixed fiber 76, 77 T

painful 76 T

pathology 76–7

presentation time course 77,

77 T

prevalence 75

signs/symptoms 77 T

small fiber 76, 77 T

peripheral temperature biofeedback

training 488

pernicious anemia 68

peroneal nerve 285

deep 289

knee 288

superficial 289

peroneal nerve block

ankle 290 F, 291

knee 288, 289 F

peroneus brevis tendonosis 357

peroneus longus tendonosis 357

per-protocol (PP) analysis, clinical

trials 524–5, 525 T

persistent pain services, children see

pediatric persistent pain services

personal data assistants (PDA),

APS 597

pes anserinus tendonosis 356

pes cavus 78
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pethidine

intranasal delivery 306–7

PCA, elderly 299

Phalen’s test, carpal tunnel

syndrome 357–8

phantom limb pain

biofeedback 163

intravenous ketamine test 62

TENS 195

thermal biofeedback 149–50

pharmacists, pediatric APS 642–3

pharmacological diagnostic tests

56–66

definition 56

intravenous drug trials

advantages 56–7

disadvantages 57

side effects 57

see also individual trials

quantitative sensory testing and

56

phenol

neurolysis 337

alcohol vs. 257

intrathecal 339

lumbar sympathetic ganglion

block 333

peripheral 256–7, 338

stellate ganglion block 329

sympathetic blocks 327

toxicity 337–8

phenotolamine

intravenous trial see intravenous

phentolamine test

mechanism of action 59–60

phenytoin

contraindications 135

dosage/treatment schedule 136

long-term efficacy 135–6

metabolism 135

saturation kinetics 135–6

side effects 136

trigeminal neuralgia 135

phobic anxiety states 122

Photograph Series of Daily Activities

(PHODA) 182–3, 182 F

Photograph Series of Daily Activities,

short electronic version

(PHODA-SeV) 182–3

photoplethmysography 487 T

phrenic nerve 265

phrenic nerve block 329

physical conditioning programs,

chronic low back pain 223

physical deconditioning, chronic

pain 620

physical dependence, opioids 113

physical examination, chronic pain

patients 6–8

behavioral assessment 6

formal exam 6–8

during interview 6

musculoskeletal system disorders 7

signs 7

nervous system disorders 7–8

motor tests 8

sensory tests 8

over-reaction 8

non-organic signs 8

physical performance tests 222

pain measurement 32

pain-related fear 178

physical reconditioning/

rehabiliation 621

physician-patient interview 4–6

interviewing style 4

medical history 5

pain history 4–5

alleviating factors 5

current trend 5

exacerbating factors 5

intensity 5

location 4–5

number of pains 5

onset 5

past 5

quality 5

temporal pattern 5

patient’s expectations 4

psychosocial history 6

treatment history 5–6

herbal medicines 5–6

nonpain treatments 6

nonpharmacological 6

pharmacological 5–6

psychological 6

physiotherapists

education, pediatric APS 644

pediatric persistent pain services

649

physiotherapy 220–9

activity limitation assessment

222

behavioral approaches 224–5

clinical circumstances

evaluation 221–3

clinical expertise 225

evidence-based practice 220–1

follow-up 226

functional testing 222

motivational interviewing

techniques 225

passive modalities 224

patient education 223

patient evaluation 221–3

baseline establishment 221

environmental factors 223

health profile 221

ICF domains 221, 221 T

impairments 222

participation restrictions 222

personal factors 223

red flags 222

yellow flags 223

patient goal achievement 226

patient’s preferences 225

stages of change model 225

physical circumstances

evaluation 221–3

provider’s beliefs, effects on

treatment 225

psychosocial circumstances

evaluation 221–3

research evidence 223–5

self-management programs 225

treatment end points 226

physostigmine 295

pictorial pain rating scales 15–6

children 20

pictures, pain intensity

measurement 15–6, 16 F

Pieces of Hurt Tool 450

pigmentation changes,

cryoanalgesia-induced 381

placebo 499–513

active 520, 524

acupuncture studies 208

definition 499–500

dental pain trials 534, 535 F

ethics 508, 519

cancer pain clinical trials 548

neuropathic pain clinical trials 559

historical aspects 500

inadvertent unblinding 559

long-term exposure 562

neuropathic pain clinical trials 559

placebo effect

analgesic studies 501

anticipation in 506

clinical implications 507–9

as context effect 500

deception 503 T

definition 500, 501

expectation in 506

historical aspects 500

in laboratory setting 502

neuroanatomy 506

neurochemistry 504–6, 505 F

historical aspects 505

naloxone in 505

opioid release 505
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placebo effect (continued)

non-pain conditions 506–7

no treatment vs. 500–1

patient’s expectations in 508

patient’s power of perception and

508

perceived 502

quantification attempts 500–1

spontaneous remission vs. 501–2

study paradigms 502–4, 503 F, 519

balanced design 503, 503 F

conditioning protocols 504

deception in 503, 503 T

doctor-initiated vs. machine-

initiated therapy 503 F, 504

double-blind versus deceptive

design 503, 503 F

open-hidden paradigm

(overt-covert design) 504,

507–8, 508 F

surgical treatments 500

true 502

placebo flowers 507

placebo needles, acupuncture 208

placebo response

definition 501

detection 501–2

confounding factors 501, 502 F

hormonal 505 F, 507

intradiscal thermal annuloplasty 439

intravenous phentolamine test 60

knowledge of, clinical trials 518

manual medicine 237

psychosocial context 508

plantar fasciitis, soft-tissue

injection 357

plantar spur 357

play therapists, pediatric APS 643

pneumography, biofeedback 487 T

pneumothorax

acupuncture-induced 210–1

cryoanalgesia complication 381,

386

stellate ganglion block-induced 329

‘‘point detectors,’’ acupuncture 216

poker chip tool 450

policeman’s heel (subcalcaneal

bursitis) 357

polypharmacy, cancer pain clinical

trials 541–2

popliteal fossa block 288, 289 F

population, intervention(s) or

exposure(s), comparison group(s),

and outcome(s) (PICO) 567,

567 T

portable syringe drivers 123

positive self-talk 480 T

positron emission tomography

(PET) 84

functional magnetic resonance

imaging vs. 87 T

painful neuropathies 80

placebo effect 506

radioactive tracers 85, 90 T

technique 85–9, 87 F

posterior cutaneous nerve of the

forearm 271

posterior cutaneous nerve of the

forearm block 272

posterior cutaneous nerve of the

thigh 287

posterior cutaneous nerve of the thigh

block 287

posterior intervertebral joints see

zygapophyseal joint

posterior primary ramus

dorsal compartment innervation 395

medial branch 362

posterior sacral foramina 281

postherpetic neuralgia (PHN)

as clinical trial model 558

intravenous ketamine test 62

postmarketing surveillance exercise 562

postoperative nausea and vomiting

(PONV)

algorithms 635

chart 640–1 F

management, improvements

needed 606

treatment 296, 297 T

postoperative pain management 665–76

cryoanalgesia 383

epidural analgesia see epidural

analgesia

guidelines 665–9

clinical practice

recommendations 674–5

dissemination 669

implementation 669

research recommendations 674–5

improvements needed 606

institutionalization 670, 671 T

quality improvement initiatives 670–4

standards 669–70

TENS 195

evidence for use 200

frequency of therapy 196

Postoperative pain management - good

clinical practice 668

acute pain management 668

discharge 668

pain management principles 669

patient/family education 668

post-pain modulation phenomenon 14

postsympathectomy hyperesthesia 333

posttraumatic pain, cryoanalgesia

contraindication 381

power of the study 546

pragmatic studies 515, 515 T

prednisolone acetate 419

prefrontal cortex neuroimaging

chronic pain 87

pain 86–8, 88 F

pregabalin

contraindications 135

dosage/treatment schedule 136

metabolism 135

side effects 137

pregnancy

epidural steroid injection

contraindication 424

epiduroscopy 428

erythrocyte sedimentation rate 69

Premature Infant Pain Profile

(PIPP) 457

prepatellar bursitis, soft-tissue

injection 356–7

pressure algometry 48

pressure algometry (algometer

testing) 48

pressure sensation

threshold determination 48

transmission 47

prilocaine 256

primary care 656–7

stepped-care framework 657, 657 T

primary efficacy variables, clinical

trials 515–6

procedural information 250 T, 251

procedural pain, hypnotic imagery 148

procedural pain, pediatric behavioral

measures 451

procedural stress 248–9

Procedure Behavior Check List

(PBCL) 453

Procedure Behavior Rating

Scale-Revised (PBRS-R) 453

PROCESS study 405

processual-contextual perspective

framework 607

Prodisc 442

proglumide, placebo effect 505

progressive muscle relaxation

training 160–2

applied relaxation 161

definition 480 T

muscle discrimination training

and 161–2

muscle group combinations 161,

162 T

muscle tensing 161
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practice cycles 161

preprocedural 252

procedure 161, 162

program 161 T

therapist suggestions in 161

project officers, pediatric procedural

pain services 647

propranolol 60

proteinase 3 (PR3) 70

protohypnosis (imaginative

involvement) 484

proton magnetic resonance

spectroscopy (MRS) 89–90, 90 F

provocative discography 440

controversies 441

criteria 440

interpretation 441

proximal bicipital tendonosis 354

pseudoaddiction

definition 622

opioids 113, 118

pseudoclaudication, epidural steroid

injections 421

psoas compartment block 280

psoriatic arthritis, long-term opioid

use 117–8

psychiatrists, pediatric persistent pain

services 649

psychological deconditioning, chronic

pain 620

psychological inflexibility 168

psychological interventions, cancer pain

clinical trials 547

psychological pain interview 9–10

content 9–10

daily routine, impacts on 10

family life, impacts on 10

inconsistent responses 9

interpersonal skills 10

pain history 9

pain mechanisms 10

psychological disorders 10

purpose/aims 9

rapport building 9

social history 10

topic areas 9

vocational history 10

psychological preparation, painful

procedures 245–54

anticipated pain 246

anxiety assessment

anxiety, presurgical assessment

behavioral instruction 250 T, 251

children 252–3

parental involvement 252–3

cognitive preparation 250 T, 251

communication 252

information giving 251

modeling 252

peri-procedure 249

post-procedure 249

pre-procedure 248–9

health outcomes 249, 250 F

minor procedures 249

relaxation 251–2

techniques 249–52, 250 T

treatment refusal 246

psychological reconditioning, chronic

pain 621–2

psychologists

pediatric APS 643

pediatric persistent pain services

649

psychophysiological assessment, chronic

pain 155 T

psychophysiologic stress profile,

biofeedback 486

psychotic illness, SCS

contraindication 407–8

PsycINFO 570 T

publication bias 574

pudendal nerve 291

pudendal nerve block 291–2

anatomy 291

complications 292

indications 291

landmarks 291

practical steps/technique 291–2

transvaginal approach 291–2,

291 F

pulpectomy, assay sensitivity 533

pulsed radiofrequency (PRF) 257

cervical dorsal root ganglion 398

theoretical aspects 390

pulse generator, TENS 196

pulse oximetry, respiratory depression

monitoring 591

qualified rehabilitation counselor

(QRC) 622–3

quality-adjusted life years (QALY) 659

quality improvement initiatives, pain

management 670–4

Swedish experience 674

United States experience 672–4

quality of life

cancer patients 540

measurement 32–5, 33–4 T

quantitative sensory testing (QST) 47

American Academy of Neurology

recommendation 78

intravenous phentolamine test and 60

limitations 78

neuropathic pain 47

peripheral neuropathy 78

pharmacological diagnostic tests

and 56

questioning, Socratic style 100, 101

questionnaires

children, chronic pain assessment 456

movement fears 180

outcome evaluation 103

pain assessment 16–20

pain-related fear 179–80

presurgical anxiety assessment 247–8

reinjury fears 180

see also individual questionnaires

radial nerve 265

axilla 269, 269 F

elbow 271

wrist 273

radial nerve block

elbow 272

practical steps/technique 272, 272 F

wrist 274

landmarks 274

practical steps/technique 274, 274 F

radicular low back pain

disk herniation 419–20

epidural steroid injections 419–21

caudal approach 421

interlaminar approach 419–20,

420 T

transforaminal approach 420–1

trial quality 420

radicular pain, cervical 399

radiculopathy

definition 76

epidural fibrosis 429

pathophysiology 428–9

nerve root properties 429

nucleus pulposus 429

radioactive knee synovectomy 359

radioactive tracers, positron emission

tomography 85

radioculopathic pain, chronic 428

epiduroscopy 428

radiofrequency (RF) lesioning 389–403,

244

cervical area 395–6

clinical applications 390

contraindications 390

electric fields 390

epiduroscopic 435

equipment 390

heat generation 390

historical aspects 389

indications 390

lumbar area 399

‘‘silent phase’’ 390
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radiofrequency (RF) lesioning

(continued)

spinal pain 395

theoretical aspects 390

see also individual ganglion; individual

techniques

radiohumeral joint, intra-articular

injection 352

radioligands 90 T

‘‘Raggedy Ann’’ doll game 481

random effect model, statistics 572

randomization

allocation bias elimination 554

clinical trials 519

double-blind technique 520

randomization services 519

randomized controlled trials (RCT) 515

advantages 543

cancer pain 543

evidence quality 567–8

range of movement assessment,

sciatica 232–3

rate, definition 572

rate ratio 572

Raynaud syndrome, biofeedback 486,

488

re-alerting, hypnosis 482 T

receptor imaging 89–91

receptor organs, age-related changes 20

rectal drug administration, children 463

rectus femoris enthesitis, soft-tissue

injection 356

red flags

manual medicine 231

physiotherapy 222

reference drugs, cancer pain trials 548

refills, early, problematic opioid use

114

reflex sympathetic dystrophy (RSD) see

complex regional pain syndrome

(CRPS)

reframing cognitions, surgical

patients 251

regional anesthetics, chronic opioid

therapy patients 116

regression to the mean 501–2

reinjury fear questionnaires 180

reinvention, innovations 608

APS recommendations 608

relative advantage 608

APS recommendations 607–8, 612

relative potency, clinical trials 516–8

relaxation

biofeedback in 157–8

children 481–2

integration 491

older child 481

preprocedural 252

young child 481

electromyographic-assisted 157–8

mindfulness vs. 170

preprocedural 251–2

skin conductance-assisted 158

skin temperature-assisted 158

relaxation by recall 161–2

relaxation-induced anxiety 162

relaxed breathing see diaphragmatic

breathing

remifentanil

intravenous challenges 63

placebo effect 506

renal disorders, PCA 298

renal failure, opioid prescription 129

reporting bias 555

Report of the Working Party on Pain

after Surgery see Pain after Surgery

rescue analgesia

clinical trials outcomes 522, 523 F

dental pain model 534–5

as efficacy measure, cancer pain

clinical trials 541–2

neuropathic pain clinical trials 553

rescue medication, cancer pain clinical

trials

breakthrough pain 541–2

placebo-based trials 548

respiratory arrest, TENS-induced 198

respiratory depression

monitoring, APS 589–91

opioid-induced

children 468

neonates 468

respiratory rate, respiratory depression

monitoring 589–90

responsiveness, pain measures 38

restless legs syndrome 90

retinal damage, epidural steroid

injections 423

retinal hemorrhages,

epiduroscopy-induced 435

return-to-work

duration of 623

programs 622–3, 658

revised Helsinki Declaration, results

publication 525

rheumatoid arthritis

corticosteroid injections 349–50

shoulder joint 351

rheumatoid factor (RF) 69

risk differences (RD) 572

risk ratios (RR) 572

ropivacaine

epidural analgesia 319

children 474 T

peripheral nerve blocks 256

sympathetic blocks 326–7

rostral anterior cingulate cortex

(rACC), placebo effect 506

rostral ventromedial medulla (RVM)

manual medicine 235

pain transmission 88

rotator cuff syndromes 354

runner’s knee (iliotibial band friction

syndrome) 356

sacral canal 417–8, 472

sacral hiatus 417–8, 472

sacral plexus 281

sacral plexus block 281–2

anatomy 281

complications 282

indications 281

landmarks 281

practical steps/technique 281, 281 F

sacrococcygeal membrane 417–8

sacrum 417–8

sample size

cancer pain clinical trials 546

estimation 524, 524 T, 554

neuropathic pain clinical trials 557

pain intensity measurement 22

saphenous nerve 288, 290

saphenous nerve block

ankle 290, 290 F

knee 288, 288 F

scarification moxibustion 216

sciatica, manual medicine see manual

medicine

sciatic nerve 285

sciatic nerve block 284–5

anatomy 285

anterior approach 285, 286

landmarks 286

practical steps/technique 286, 287 F

complications 287

continuous 287

distal 288, 289 F

indications 285

lateral approach 285, 286–7

landmarks 286

practical steps/technique 286–7,

287 F

lithotomy approach 284, 285–6

landmarks 285

practical steps/technique 285–6,

286 F

posterior (classical) approach 284,

285

practical steps/technique 285, 285 F

Science Citation Index 568, 570 T

scientific misconduct, clinical trials 562
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secondary care 657

sedation

acupuncture-induced 210–1

cryoanalgesia 382

opioid-induced, subcutaneous drug

infusion 128

respiratory depression

monitoring 589–90

tricyclic antidepressant-induced 139

sedation scoring systems 589 T

pediatric APS 634

segmental acupuncture 212

selection bias 554

selective serotonin reuptake inhibitors

(SSRIs)

contraindications 138

dosing/treatment schedule 138

metabolism 138

side effects 139

selective subdural nerve root block 418

herniated disc, secondary radicular

pain 420

transforaminal epidural vs. 418

‘‘self,’’ understandings of 171

‘‘self-as-content’’ 171

‘‘self-as-context’’ 171

‘‘self-as-know’’ 171

‘‘self-as-knower’’ 171

self-efficacy, motivational interviewing

techniques 100

self-hypnosis 148

pediatric biofeedback and 491

self-management programs,

physiotherapy 225

self-monitoring 480 T

self-regulation skills see mind/body

skills

self-report measures

acute pain assessment,

children 448–50, 448 T

adherence measurement 35–6

age-appropriate 448

chronic pain assessment,

children 455–6

clinical trial end points 520

physiotherapy activity limitation

assessment 222

see also individual measures

self-talk repertoire 488

semistructured interview, pain-related

fear 180–1

senility, TENS caution 196

sensitivity analysis 573

sensitivity to change, pain measures

38

sensory assessment, peripheral

neuropathy 78

sensory axons, peripheral

neuropathy 77 T

sensory-evoked potentials 51

sensory information, presurgical 251

sensory testing 43–55

application 47

basis for 47

future perspectives 52–3

goals 47

regimen design 47

see also individual tests

septic arthritis 350

sequential trials

cancer pain clinical trials 542–3

multivariate 543

stopping rules 543

serology, pain diagnosis 69–70

serotonin and norepinephrine reuptake

inhibitors (SSNRIs)

contraindications 138

dosing/treatment schedule 138

metabolism 138

side effects 139

serotonin syndrome 138

serous collections, SCS-induced 411

serum protein electrophoresis 67

SF-36 see Short-Form-36 (SF-36)

sham acupuncture 208

sham procedures

ethics 509

placebo effect 500

shooting pain sensation 5

Short-Form-36 (SF-36) 19–20, 33–4 T

clinical trial outcomes 523

neuropathic pain, ‘‘nonpain

features’’ 561

coverage 32

Short-Form McGill Pain Questionnaire

(SF-MPQ) 17, 19 F

clinical trial outcomes 521

‘‘nonpain features’’ 561

shoulder

intra-articular injection 351

anterior approach 351, 352 F

patient positioning 351

posterior approach 351

osteoarthritis 351

rheumatoid arthritis 351

soft-tissue injection 354–5

subacromial technique 354,

354 F

Sickness Impact Profile (SIP) 33–4 T

SIGLE (System for Information on

Grey Literature) 570 T

signal detection theory (SDT) 501–2

significance level 546

simple relaxation, preprocedural 252

single-subject designs, outcome

evaluation 103–4

case study vs. 103

‘‘control’’ condition 103–4, 104 F

multiple baseline approach 104, 104 F

treatment alterations 104

skin biopsy, neuropathies 80

small-fiber 80, 80 F

skin conductance, biofeedback 487 T

skin conductance-assisted

relaxation 158

skin conductance response, sympathetic

blocks 326

skin irritation, TENS-induced 198

skin potential response, sympathetic

blocks 326

skin temperature, sympathetic

blocks 326

skin temperature-assisted relaxation 158

sleep efficiency 146

slump technique, sciatica 234, 235 F

Society for Developmental and

Behavioral Pediatric Workshops,

mind/body skills 493

Socratic style, questioning 100, 101

sodium channel blockers 135

sodium channels, nerve injury and 57

sodium valproate

contraindications 135

dosage/treatment schedule 136

metabolism 135

pretreatment blood tests 137

side effects 137

soft-tissue injections 349–60

bursitis 354–7

complications 354

enthesitis 354–7

procedure 353

steroid preparations 351 T

tendonosis 354–7

tenosynovitis 354–7

see also individual conditions/disorders;

individual joints

somatic focus, pain-related fear 180

somatosensory cortex, hypnotic

analgesia 149

spasticity, TENS 195, 201

sphenopalatine ganglion 394

radiofrequency lesioning 394–5

applied anatomy 394

complications 395

history 394

indications 394

results 395

technique 394–5, 394 F, 395 F

treatment efficacy 395

sphenopalatine ganglion block 345–6
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spinal abnormalities, SCS

contraindication 407

spinal accessory nerve 261

spinal accessory nerve block 261

landmarks 261, 262 F

practical steps/technique 261, 262 F

spinal canal stenosis, epidural steroid

injections 421–2

caudal 421–2

interlaminar 421

transforaminal 421

spinal cord infarct 422–3

spinal cord stimulation (SCS) 404–15,

244

anatomy 406–7

audits 412–3

biopsychosocial assessment 407–8

complications 411–2

device-related 411

early 411

late 411

pain relief failure 412

unpleasant stimulation 412

continuous active stimulation 412

contraindications 407

cycling stimulation 412

device registration 412–3

electrode migration 412

equipment selection 412

complications 412

external battery systems 412

failed back surgery syndrome 405

full implantation/second-stage

procedure 410–1

implantable pulse generator (IPG)

anchoring 411

implantation 411

pain at 412

positioning 410–1

siting decisions 409

implantation 408–10

topographic paresthesiae coverage

screening 409–10

indications 405, 407

internal battery systems 412

lead anchoring 410

lead breakage 412

lead failure 411–2

lead insertion 408–9

deviated leads 409

epidural space anatomical

sites 407 F, 408–9, 409 T

guide wire insertion 409

imaging 409

incision site 409

lead migration 412

mechanisms of action 405, 405 F

national audit database needs 413

neural interface 406–7

paresthesia probability 406, 407 F

patient selection 407–8

patient’s ‘‘sweet spot’’ 407

programming 412

rechargeable systems 406 T, 412

research 412–3

trial/first treatment stage 408

spinal gate 146

spinal movement assessment,

sciatica 232–3

spinal nerves 418

spinal stenosis, epiduroscopy 434

spine

anatomy 395, 417

anterior column 417

dorsal compartment 395

middle column 417

posterior column 417

ventral compartment 395

spinothalamic tract 390–1

spontaneous pain 539

stakeholders 101

standardized mean difference

(SMD) 572

State Trait Anxiety Inventory

(STAI) 247–8

statistical heterogeneity 572–3

stellate ganglion 327

stellate ganglion block 327–9

adverse effects 329

anatomy 327, 328 F

complications 329

neurolytic 329

signs 329

technique 327–8

two-operator 328

unintentional intra-arterial

injection 329

unintentional intrathecal

injection 329

stepped-care framework 657, 657 T

steroids, epidural injections see epidural

steroid injections

stimulators, TENS 196

straight leg test 7

Strategic and clinical indicators in

postoperative pain

management 674, 674 T

stratified randomization 519

strengthening exercises, sciatica

234–5

structural imaging 84, 89

subacromial bursa, soft-tissue

injection 354, 354 F

subacromial bursitis 354

subcalcaneal bursitis (policeman’s

heel) 357

subcostal nerves 275, 276

subcutaneous drug administration

cancer pain see subcutaneous drug

infusion, cancer pain

children 464

intermittent opioids,

guidelines 594–5 F

subcutaneous drug infusion, cancer

pain 121–33

absorption rate variations 125

advanced age and 129–30

analgesics 125–6, 130–1

‘‘as-required’’ injections 122

clinical governance 131–3

issues 131

complications 124–5

contraindications 122

dose calculation errors 125

drug combinations 131, 132 T

drug reactions 125

dying patients 122

ease of access 122

equipment malfunction 124

fixed rated infusions 123

indications 122

injection site reactions 124–5

management 124

monitoring 123–4

observation 123–4

opioid-induced bowel dysfunction

prevention/treatment 129

opioid-naive subjects 128

opioids 126–7, 126 F

adverse effects 128

conversion ratios 127 T

in liver failure 129

renal failure and 129, 130 T

rescue doses 127

switching 127 T, 128

titration 127–8

toxicity 125, 128

unresponsiveness 129

unwanted effects 128

prescribing 123

errors 125

opioids 127

priming 123

risk management 125

safety 122

siting 123

starting 123–4

syringe drivers 123

subcutaneous patient-controlled

analgesia see patient-controlled

analgesia (PCA)
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subgroup analysis 572, 573, 573 F

subject bias 554

sublingual drug administration

children 463–4

fentanyl 308

success rate, clinical trials 502

sufentanil

epidural analgesia 319

intranasal delivery 306

subcutaneous drug infusion, cancer

patients 127 T

suffering, definition 540

sumatriptan 507

summed pain intensity differences

(SPID) 517 F, 522, 522 F

sum of the VAS (SUMVAS) 21

superficial peroneal nerve block 290 F,

291

superior cervical ganglion 327

superior hypogastric plexus 342

superior hypogastric plexus

block 342–3

anatomy 342

complications 343

ganglion impar block vs. 345

indications 343

technique 343

superiority studies 516, 517 F

supraclavicular block (subclavian

perivascular technique) 266–8

complications 270 T

landmarks 266, 267 F

practical steps/technique 266–7,

267 F

supraorbital nerve 260, 260 F

cryoanalgesia 384

supraorbital nerve block 260 F, 261

suprascapular artery 270

suprascapular nerve 270

suprascapular nerve block 270

practical steps/technique 270, 271 F

suprascapular vein 270

supratrochlear nerve 260, 260 F

cryoanalgesia 384

supratrochlear nerve block 261

sural nerve 285

ankle 290

sural nerve block 290, 290 F

surface palpation, sciatica 232–3

surgery

placebo effect 500

psychological preparation see

psychological preparation,

painful procedures

surrogate end point, clinical

trials 515–6

Survey of Pain Attitudes (SOPA) 180

sustained natural apophyseal glides

(SNAG)

neuron extinction 236

sciatica 234

sweating, biofeedback 158

symmetrical polyneuropathy 76, 76 T

sympathetic blocks 322–36

bilateral 326

completeness testing 325

blood flow 325

pain 325

pain assessment 326

sympathetic function 325

contraindications 326

contrast enhancement 327

indications 322, 324–5

local anesthetic drugs 326–7

neurolytic see neurolytic blocks,

sympathetic

regional intravenous 333–5

adverse effects 335

duration 334

norepinephrine release 326 F, 333,

335

randomized clinical trial flaws 333

technique 334–5

skin conductance response 326

skin potential response 326

skin temperature measurements 326

see also individual blocks

sympathetic nervous system (SNS)

anatomy 323–4, 323 F, 324 F

blocks see sympathetic blocks

ganglia 323

manual medicine 236–7

nerve endings 326 F

norepinephrine release 326 F

preganglionic fibers 323

vascular nerves 324, 324 F

symphysis pubis, ridged 185

syncope, acupuncture-induced

210–1

synergy, clinical trials 518, 518 F

syringe drivers 123

PCA 294

systematic desensitization

pain-related fear 184

surgical treatment refusal 246

systematic reviews 566–75

aims 566

data extraction 570–1

duplications exclusion 570–1

definition 566

eligibility criteria 569

evidence appraisal 569–71

bias assessment 569–70

eligibility assessment 569

quality assessment 569–70, 571

quality score 569

evidence finding 568

citation search 568

controlled vocabulary 568

databases 568, 570 T

free text vocabulary 568

highly precise search 568

highly sensitive search 568, 569

evidence quality 567–8

evidence summarization 571–4

features 567

heterogeneity 572–3

investigating 573

process 567

protocol 568

publication bias 568, 574

question formulation 567–8, 567 T

random vs. fixed effects 572

validity 574

System for Information on Grey

Literature (SIGLE) 570 T

systemic lupus erythematosus (SLE) 70

tactile sensibility estimation 47–8

Tampa Scale for Kinesiophobia

(TSK) 180

tarsal tunnel syndrome 357, 358

temperature, pain perception 13–4

temporal summation, abnormal 50

temporomandibular joint disorders

(TMD), biofeedback 164–5

tennis elbow (lateral epicondylitis) 355

tension headaches, muscle relaxation

techniques 488

tertiary care 657–8

functional restoration programs 658

palliative pain management 658

positive outcomes 658

treatment approaches 658

test–retest reliability, pain

measures 36–7

therapeutic suggestion, hypnosis 482 T

thermal biofeedback, phantom limb

pain 149–50

thermal stimulation, heat-foil

technology 52–3, 52 F

thermal treatments 224

thermography, biofeedback 487 T

thermotest 48–50

baseline skin temperature 49–50

contact probe size 50

controls 50

devices 48–9

indications 50

injury prevention 50

method of limits 49
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thermotest (continued)

neuropathic pain findings 48–9, 49 F

normal thresholds 49 F

pain tolerance threshold

determination 49

paradoxical sensations 48–9

parameters influencing results 49–50

skin areas tested 50

two-alternative forced choice

method 49

The Royal College of Anesthetists

Guidelines for the Provision of

Anesthetic Services 667–8

Pain Management Services - Good

Practice 667–8

third molars, surgical removal 529–30,

530 F

clinical pain trials see dental pain

model

indications 532

Third National Audit Project (NAP III),

Royal College of Anaesthetists 585

third occipital nerve (TON) 383

thoracic epidural analgesia 312–3

children 473–4

thoracic nerve root neurolysis 340

thoracic nerves 275

thoracic paravertebral block 275–6

anatomy 275

complications 276

indications 275

landmarks 275

neurolytic 275

practical steps/technique 275,

275 F

thoracic paravertebral nerves 275

thoracic surgery, postoperative epidural

analgesia 312–3

thoracic sympathetic block 329–31

alternative techniques 330

anatomy 329, 330 F

complications 331

indications 330

technique 330

thoracic sympathetic ganglia 329, 330 F

thorax

chronic pain syndromes 385

nerve blocks 275–9

thumb flexor tenosynovitis, soft-tissue

injection 356

thyroid function tests 68

thyroid-stimulating hormone (TSH) 68

tibialis anterior tenosynovitis 357

tibialis posterior tendonosis 357

tibial nerve 285

ankle 290

knee 288

tibial nerve block

ankle 290 F, 291

knee 288, 289 F

time distortion, hypnotic

experience 485

time-to-event data 572

time to meaningful pain relief 522

Tinel’s sign

carpal tunnel syndrome 357–8

tarsal tunnel syndrome 358

tolerance

opioids see opioid(s)

TENS 198

topiramate

contraindications 135

dosage/treatment schedule 136

metabolism 135

side effects 137

total pain relief (TOTPAR) 22 T,

522

touch sensation transmission 47

toys, pain intensity measurement 15–6,

17 F

tramadol, children 465, 465 T

transacral canal 281

transcutaneous electrical nerve

stimulation (TENS) 193–205

acupuncture-like

application sites 197

qualities 199, 199 T

stimulator settings 198

application 197

sites 197–8

applied anatomy 194

caution 195–6

chronic pain

evidence for use 200–1

frequency of therapy 196, 202

indications 195

complications 198

continuous (conventional)

stimulation 198

application sites 197

qualities 199 T

contraindications 195

electrodes 196

carbon-rubber 196–7

connection to stimulator 197

position 196, 197 F

self-adhesive 197

equipment 196–7

failure 198

evidence for use 199–202

experimental 199–200

results 199, 200 F

frequency of therapy 196

high vs. low-frequency 199, 200 F

historical aspects 193–4

indications 194–5

limitations 196

postoperative pain 195

pulsed (burst) stimulation 198

application sites 197

pulse generator 196

sequential stimulation 198

side effects 199

stimulation modality choice 198,

199

stimulation types 197

stimulator settings 198

subthreshold 199

tolerance 198

trial 198

wires 196

see also individual pain types

transdermal drug absorption 304

transdermal opioid delivery 304–6

adverse reactions/complications

309

chronic pain 112 T

contraindications/limitations 309

ideal drug properties 307

Transdiscal Annuloplasty

(Biacuplasty) 441

TRANSFENTA 304–5

transmucosal opioid delivery 306–8

adverse reactions/complications

309

contraindications/limitations 309

ideal drug properties 307

see also patient-controlled intranasal

analgesia (PCINA)

traumatic dissociation, pain 146

traumatic neuropathy, as clinical trial

model 558

treatment

adherence 96

appropriate, developmental

challenges 96

outcome evaluation see outcome

evaluation, treatment

selection, established evidence in 96

treatment contracts, physiotherapy

226

treatment tailoring 101–2

barriers to change identification 102

history of failure 102

patient vs. intervention

selection 101–2

priority order identification 102

treatment uniformity myth 96

trialability 608

APS recommendations 608

triamcinolone 419
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tricyclic antidepressants (TCAs) 137

contraindications 137

dosing and treatment schedule

138

metabolism 138

pharmacokinetic variability 138

side effects 139–8

therapeutic drug monitoring

138

toxicity 138

trigeminal ganglion 343

trigeminal ganglion neurolysis 343–5

anatomy 343

complications 345

indications 343

landmarks 344, 344 F

results 345

technique 343–4, 344 F

trigeminal neuralgia 343

trigeminal nerve

cryoanalgesia 384–5

in Gasserian ganglion 392–3

peripheral branch blocks 259–60

anatomy 260, 260 F

indications 260 T

see also individual branches

trigeminal neuralgia

Gasserian ganglion radiofrequency

lesioning 392

trigeminal ganglion neurolysis 343

trigeminocervical convergence 383

trigger finger 355–6

trigger thumb, soft-tissue injection

356

trochanteric bursitis, soft-tissue

injection 356

tropisetron 297

Tuohy/Sprotte needle, continuous

peripheral nerve blockade 258

UK National Paediatric Epidural

Audit 644–5

ulnar nerve

arm 265

axilla 269, 269 F

elbow 270

wrist 273

ulnar nerve block

elbow 271–2

anatomy 270

landmarks 271

practical steps/technique 271–2,

271 F

wrist (medial approach) 273, 273 F

ultrasound-guided nerve blocks

257–8

brachial plexus, children 471

upper limb, nerve blocks 264–74

upside assay sensitivity 516, 534

urinary retention, epidural

analgesia 474

US Headache Consortium, biofeedback

evaluation 164

US National Cancer Institute, ongoing

RCT register 570 T

uterine contractions, TENS 201

vaginal delivery, epidural analgesia see

epidural analgesia

validity, pain measures see pain

measures

valproic acid 137

values, definition 169–70

values-based action 169–70

values clarification 169–70

vasoactive intestinal peptide (VIP),

acupuncture 209

venlafaxine 138

verbal rating scale (VRS)

cancer pain clinical trials 540–1

clinical trial outcomes 521

dental pain model 532

pain intensity measurement 15

patient interpretation 15

vertebral arteries 265, 327

unintentional stellate ganglion

block 329

vertebral canal 417

vibrameter testing 48

vibration

hyperalgesia to 48

transmission 47

vibratory threshold estimation 48

visceral hypersensitivity, irritable bowel

syndrome 88

visceral pain

definition 45

TENS 195, 201

visual analog scale (VAS) 15

cancer pain clinical trials 540–1

children

acute pain assessment 450,

451 F

chronic pain assessment 455–6

clinical trial outcomes 521

dental pain model 532

intravenous lidocaine trial 57

pain intensity measurement 15

drawbacks/limitations 15

presurgical anxiety assessment

247–8

ratio properties 15

reproduction, care in 15

types 15, 16 F

vitamin B12 deficiencies 68

nonhematological manifestation 68

vitamin D deficiency 68

vomiting see nausea and vomiting

von Frey nylon filaments

allodynia testing 47–8

bending force values 47

secondary hyperalgesia testing 47–8

tactile sensibility estimation 47–8

washout periods, crossover

studies 555–6

Wegener’s granulomatosis 70

western medical acupuncture

adverse effects 209

clinical aspects 216–7

definitions/interpretations 208

‘‘dosage’’ 216–7

dry needling, trigger points 216

introducers 216

muscle needling 216

needle technique 216

patient selection 216

periosteal needling 216

point location 216

point selection 207 F, 210 F, 212–6,

212 F, 213–5 T

distant 212

modifications 212

repeat treatments 217

responses 216

initial 217

safety 209–11

skin impedance 216

superficial needling 216

technique 209–17

see also acupuncture

whiplash injuries, biofeedback 149–50

whiplash syndrome 680

windup, definition 44

‘‘windup like pain’’ 50

Winnie three-in-one block (distal

lumbar plexus block) see fascia

iliaca compartment block

wires, TENS 196

withdrawal syndrome, opioids 113

Wong-Baker FACES Pain Rating

Scale 449, 449 F

work-related activities, pain-related fear

assessment 180

World Health Organization (WHO),

opioids for nonmalignant pain 110

World Medical Association

placebo use ethics 559

post clinical trial access to

treatment 563

website 564
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wrist

intra-articular injection 352,

352 F

nerve blocks 273

anatomy 273

complications 274

indications 273

soft-tissue injection 355–6

written consent, clinical trials

555

yellow flags

manual medicine 231

physiotherapy patient evaluation

223

ziconotide 377

zygapophyseal joint

anatomy 362, 362 F

innervation 362

zygapophyseal joint

blocks/injections

361–9

aims 363

aseptic technique 364

cervical see cervical zygapophyseal

blocks

complications 366–7

contraindications 363

evidence for 367–8

indications 362–3

lumbar see lumbar zygapophyseal

blocks

needles 364

insertion, fluoroscopy

screening 363–4

noninvasive monitoring 364

patient discharge 364

preparation 363–6

treatment limitations 363

zygapophyseal joint pain

cervical 363

diagnostic blocks 363

features 362

lumbar 363

testing 363
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