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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
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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:

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

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

[II1] 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

xviii B How to use this book

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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AIDS
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ANA
ANCA
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anti-CCP
AP

APS
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ASA
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BDI
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BP
BPI

CARF

CBF
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acquired immunodeficiency syndrome
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alanine aminotransferase

alkaline phosphatase
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American Pain Society; or acute pain
service
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American Society of Anesthesiologists
aspartate aminotransferase

anterior superior iliac spine
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Bath Adolescent Pain Questionnaire
Beck Depression Inventory
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COMT
CONSORT
COPM

COX
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CQI
CRP
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CSF
cSQ
CT
CUA

DA
DAPOS

DASS
DESS
DLPEC
DNIC
DRG
DSM

DTI

ECG
EDA
EDTA
EEG
ELISA

Children’s Hospital of Eastern Ontario Pain
Scale

chronic inflammatory demyelinating
polyradiculoneuropathy

creatine kinase

chronic low back pain
Charcot-Marie-Tooth

central nervous system
catechol-O-methyltransferase
Consolidated Standard of Reporting Trials
Canadian Occupational Performance
Measure

cyclooxgenase

cyclooxygenase-2

clinical practice guidelines
continuous peripheral nerve blockade
chronic pain service

Chronic Pain Values Inventory
continuous quality improvement
C-reactive protein

complex regional pain syndrome
continuous subcutaneous infusion
cerebrospinal fluid

Coping Strategies Questionnaire
computed tomography

cost-utility analysis

dopamine

Depression, Anxiety, and Positive Outlook
Scale

Depression, Anxiety and Stress Scale
Echelle Douleur Enfant San Salvadour
dorsolateral prefrontal cortex

diffuse noxious inhibitory control

dorsal root ganglion

Diagnostic and Statistical Manual of Mental
Disorders

diffusion tensor imaging

electrocardiogram

electrodermal activity
ethylenediaminetetraacetic acid
electroencephalography
enzyme-linked immunosorbent assay
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EMG
EOP
ERP
ES
ESI
ESR
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FAS
FBSS
FBT
FDI
FEV
FLACC
fMRI
FPS
FPS-R
FT4
FVC

gammaGT
GAN

GCP

GI

GMP
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HA
HIV
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HMO
HPA
HR
HRV
HSAN
Hb

IASP

IBS
ICD
ICF

IDET
IDTA
IEC
IFN-y
[HN
1IN
1IL-2
IL-6
im.

IMMPACT

INCB
INR

electromyogram

external occipital protuberance
early receptor potential
epidural space

epidural steroid injection
erythrocyte sedimentation rate

Fear-Avoidance Beliefs Questionnaire
Functional Activity Scale

failed back surgery syndrome
fentanyl buccal tablets

Functional Disability Inventory
forced expiratory volume

Face, Legs, Arms, Cry, Consolability
functional magnetic resonance imaging
Faces Pain Scale

Faces Pain Scale-Revised

free thyroxine

forced vital capacity

v-glutamyl transferase
greater auricular nerve
Good Clinical Practice
gastrointestinal

good manufacturing practice
greater occipital nerve

hyaluronic acid

human immunodeficiency virus

high intensity zones

human leukocyte antigen

health maintenance organization
hypothalamic—pituitary—adrenal

hazard ratio

heart rate variability

hereditary sensory autonomic neuropathy
hemoglobin

International Association for the Study of
Pain

irritable bowel syndrome

International Classification of Diseases
International Classification of Functioning,
Disability and Health

intradiscal electrothermal therapy
intradiscal thermal annuloplasty
independent ethics committee
interferon-gamma

ilio-hypogastric nerve

ilio-inguinal nerve

interleukin-2

interleukin 6

intramuscular

Iniative on Methods, Measurement, and
Pain Assessment

International Narcotic Control Board
international normalized ratio
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Lv.

iv. PCA
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LBP
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MAAS
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MCP
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MDT
MEAC

MEC
MEG
MHC
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MPI
MPO
MPQ
MR
MRI
MRS
MST
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NAA
NAGCs
NCA
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NE
NFCS

Impact on Participation and Autonomy
abdominal implantable pulse generator
intelligence quotient

institutional review board
iontophoretic transdermal system
intention to treat

intravenous

intravenous patient-controlled opioid
analgesia

Joint Commission on Accreditation of
Healthcare Organizations

local anesthesia

lateral atlantoaxial joint

low back pain

locus coeruleus

light-emitting diode

lateral femoral cutaneous nerve
low molecular weight heparin
locus of control

last observation carried forward
lesser occipital nerve

technique of loss of resistance
lumbar puncture

long-term potentiation

morphine-3-glucuronide
morphine-6-glucuronide
Mindful Attention Awareness Scale
medial branch
metacarpophalangeal

mixed connective tissue disease
difference in means
multidisciplinary teams
minimum effective analgesic
concentration

minimum effective concentration
magnetoencephalography

major histocompatibility complex
medial prefrontal cortex
multidimensional pain inventory
myeloperoxidase

McGill Pain Questionnaire
magnetic resonance

magnetic resonance imaging
magnetic resonance spectroscopy
morphine sulfate tablet

medial thalamus

N-acetyl aspartate

national advisory committees
nurse-controlled analgesia
Non-Communicating Children’s Pain
Checklist

noradrenaline

Neonatal Facial Coding System



Abbreviations B xxi

NGC
NH
NHMRC

NHS
NICE

NIH
NMDA
NNH
NNT
NPY
NRD
NRS
NSAID

OA
OBT
ODI
OR
OrbF
OTC
OTFC

PACU
PAD
PAG
PAR
PASS
PBCL
PBRS-R
PCA
PCC
PCEA
PCINA
PCQ
PCS-C
PCTS
PDA
PDPH
PET
PFC
PGIC
PGP
PHN
PHODA
PID
PIPP
PNS
POMS
PONV
POQ
POQ-VA
PP
PPG
PPI

nucleus reticularis gigantocellularis
natural history

National Health and Medical Research
Council

National Health Service

National Institute for Health and Clinical
Excellence

National Institutes of Health
N-methyl-p-aspartic acid
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numerical rating scale

nonsteroidal anti-inflammatory drug

osteoarthritis

operant behavioral therapy
Oswestry Disability Index

odds ratio

orbitofrontal cortex

over the counter

oral transmucosal fentanyl citrate

Post Anesthesia Care Unit
peptidylarginine deiminase
periaqueductal gray

pain relief scale

Pain Anxiety Symptoms Scale
Procedure Behavior Check List
Procedure Behavioral Rating Scale-Revised
patient-controlled analgesia
percutaneous cervical cordotomy
patient-controlled epidural analgesia
patient-controlled intranasal analgesia
Pain Coping Questionnaire

Pain Catastrophizing Scale for Children
patient-controlled transdermal system
personal digital assistants

postdural puncture headache
positron emission tomography
prefrontal cortices

Patients Global Impression of Change
protein gene product

postherpetic neuralgia

Photograph Series of Daily Activities
pain intensity difference

Premature Infant Pain Profile
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Profile of Mood States

postoperative nausea and vomiting
Patient Outcome Questionnaire

Pain Outcome Questionnaire-VA

per protocol
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posttraumatic stress disorder
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quality improvement
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quantitative sensory testing
quality of life
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rostral anterior cingulate cortex
randomized controlled trial

risk difference
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range of motion

risk ratio

reflex sympathetic dystrophy

rostral ventromedial medulla

serum amyloid A
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spinal cord stimulation

signal detection theory
somatosensory-evoked potential
Short-Form 36

Short-Form McGill Pain Questionnaire
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standardized mean difference
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sympathetically maintained pain
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sympathetic nervous system

Survey of Pain Attitudes
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summed pain intensity difference
oxygen saturation
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spinal stenosis

specific serotonin- and noradrenaline-
reuptake inhibitors

specific serotonin-reuptake inhibitors
State Trait Anxiety Inventory

tricyclic antidepressants
transcutaneous electrical nerve
stimulation

triamcinolone hexacetonide
trapezius muscles
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KEY LEARNING POINTS

® The initial medical interview should aim to establish
rapport as well as obtain information.

e (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."

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
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(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.” >
* 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,” 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 model® 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.”

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)®® 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.'”

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.'" Tt 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.

e 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.

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

e 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.

e 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.

e 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.

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

e 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.

e 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.'*

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”/”T'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

e 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:

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

e 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);

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

e scars of previous surgery;

e 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.

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

e antalgic movements and distress behavior.

Feel for:

e Jlocal tenderness/swelling/heat;
e myofascial tender points.

Test additionally for:

e 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,'> '* 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."

e 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.'® 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).!”

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:

e the primary neurological diagnosis;

e whether there is a single pain phenotype or more
than one;

e for each pain phenotype, whether the pain is
nocigenic or neuropathic;

e 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

e [s the pain in an area of sensory deficit?

e Are there elements of burning or shooting/electrical
sensations?

e [s 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).

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

e [s there allodynia (pain evoked by stimulation that is
normally innocuous, like light touch)?

e [s there hyperalgesia (supranormally intense perception
of stimulation that is normally painful, like pinprick)?

e [s there hyperpathia (increased somatosensory
detection threshold, with development of pain of
increasing intensity with repetitive or sustained
stimulation — this is pathognomonic of neuropathic
pain)?

e s 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:

e Jocally altered temperature/sweating;
Test (motor) for:

® tone;

® power;
o 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:

e “accoutrements of disability” without an obvious
objective need — crutches, dark glasses, wheelchair, etc;

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

e “nonorganic signs,” such as those cited by Waddell
and colleagues.'® 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.'” 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.”’

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.”'

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.”> 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.”” 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,' and arguments have been made
that this aspect of patient care has been neglected.”
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



Chapter 2 Practical methods for pain intensity measurements B 13

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.>* 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.>® 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.”® 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.® 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’s™ ' 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.'' There may be several
reasons for this discrepancy, including differences in
learning histories, as well as psychological, social, and
biological factors.'" > 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.'>'*'>'® Perhaps most concerning,
several studies have found evidence of disparities among
the ethnicities in access to pain treatment (see Cintron
and Morrison'” 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.'"® ' 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.”* 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.?! Most
patients are aware of a fluctuation in pain intensity
according to the time of day.** 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
0.90.2%2%2% 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 procedure™), consistency of pain episodes
(i.e. recall of episodic pain is less accurate than more
consistent pain®®), variability in pain intensity (i.e.
recall of more variable pain is less accurate”’), and
whether or not current pain complaints are present.*®
Furthermore, within individual variability appears
greater than if recall data are collapsed across indivi-
duals,” 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.’® 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.’’
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.’” There is strong
evidence for a post-pain modulation phenomenon, in
which cognitive processes influence both pain recall and
future pain report.”> 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.** %337
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 ratings®>>>*’ 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.® In particular, one study found that “worst pain
imaginable” as the maximal anchor produced the most
normally distributed sample of scores.*' Furthermore,
the ratings obtained by individual measures do not
appear interchangeable with one another,*” 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.”** NRSs have demonstrated positive and
significant correlations with other measures of pain
intensity.”** The recent statement from the Initiative
on Methods, Measurement, and Pain Assessment
(IMMPACT)* 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 collagues*> 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.** 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.”?? 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.”*°

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).?> 484 [t 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.”

The recent IMMPACT statement® 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 100 mm. 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.”"
2 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.” Furthermore, difficulty completing VAS measures
is associated with analgesic intake and older age.”>>>*

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.”® 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.*® 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.*

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 distress™® (see Figure 2.2). The Faces
Pain Scale-Revised (FPS-R) utilizes a six-face scale.”” 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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No pain Worst pain
possible
None Mild Moderate Severe Pain
Figure 2.1 Different types of visual analog
scale. The upper scale is the preferred type
No oai Worst bai since it leads to a relatively even distribution
o pain orst pain . )
0 1 5 3 4 5 6 - % o 10 possible of results along the line. Clustering of results

around chosen words or preferred numbers
may occur with the other two scales.

Some figure in the printed version of this book are not available for inclusion in the eBook for copyright reasons.

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.

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.’® 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
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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.

McGill Pain Questionnaire (MPQ)*” (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 Katz'” 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.®” Completion time is brief, estimated to be 5-15
minutes.*’

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).°!
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.®>® Much like the
MPQ, the BPI has proven utility across a broad range of
clinical settings, including chronic musculoskeletal,®* ®>
neuropathic,’®®” and procedural pain,®®® as well as
human immunodeficiency virus (HIV)/acquired immu-
nodeficiency syndrome (AIDS).”>”" 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.”> 7> 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.®*”*7°

West Haven-Yale Multidimensional Pain
Inventory

In addition to pain intensity, the Multidimensional Pain
Inventory (MPI)”® 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.”® The MPI has been widely used and is
appropriate for a range of pain conditions.”””® 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.””
80.81 A particular strength of the MPI is its use of stan-
dardized scores and the range of domains assessed.



McGill Pain Questionnaire
Patient's Name Date Time am/pm
DATE PAIN COMMENCED
PR1: S A E M PRI(T) PPI
(1-10) (11-15) (16) (17-20) (1-20)
DATE FIRST TREATMENT DATE TREATMENT COMPLETED
1 FLICKERING  —| 11 TIRING - BRIEF - BAYIMIC o SONTIUOUS
QUIVERING _ EXHAUSTING _| MOMENTARY _| PERIODIC _| STEADY —
PULSING 7 TRANSIENT INTERMITTENT _| CONSTANT _|
HROBBING 12 SICKENING —
BEATING 7 SUFFOCATING _
POUNDING — 13 FEARFUL —
FRIGHTFUL _
2 JUMPING - TERRIFYING -
FLASHING
SHOOTING — 14 PUNISHING —
3 PRICKING — gSBEEUNG _
BORING - VICIOUS _
DRILLING _| KILLING
STABBING —
LANCINATING 15 WRETCHED _
2 SHARP ] BLINDING _
CUTTING —| 16 ANNOYING _|
LACERATING  _| TROUBLESOME ~ _|
MISERABLE |
5 PINCHING — INTENSE
PRESSING — UNBEARABLE ]
GNAWING —
CRAMPING — 17 SPREADING —
CRUSHING — RADIATING —
PENETRATING _
6 TUGGING — PIERCING
PULLING -
WRENCHING - 18 TIGHT —
NUMB —
! ES;NING _ DRAWING I
SCALDING ] SQUEEZING _
— TEARING
SEARING -
19 COOL —
8 ITFIIC\‘)S\L(lNG — COLD B E = EXTERNAL I = INTERNAL
— FREEZING _
SMARTING COMMENTS:
STINGING —| 20 NAGGING _ .
NAUSEATING _
9 S(L)JELE — AGONIZING |
HORTING ] DREADFUL |
— TORTURING
ACHING —
HEAVY _ PPI
0 NO PAIN _
10TENDER — 1 MILD
TAUT — 2 DISCOMFORTING
RASPING — 3 DISTRESSING
SPLITTING — 4 HORRIBLE
5 EXCRUCIATING

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.
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SHORT-FORM McGILL PAIN QUESTIONNAIRE
RONALD MELZACK

PATIENT'S NAME: DATE:
NONE MILD MODERATE SEVERE
THROBBING 0) 1) 2 3
SHOOTING 0) 1) 2 3
STABBING 0) 1) 2 3
SHARP 0) 1) 2 3
CRAMPING 0) 1) 2 3
GNAWING 0) 1) 2)_ 3
HOT-BURNING 0) 1) 2)_ 3
ACHING 0) 1) 2 3
HEAVY 0) 1) 2) 3
TENDER 0) 1) 2) 3
SPLITTING 0) 1) 2) 3
TIRING-EXHAUSTING 0 1) 2) 3
SICKENING 0) 1) 2) 3
FEARFUL 0) 1) 2) 3
PUNISHING-CRUEL 0) 1) 2) 3
NO WORST
PAIN POSSIBLE
PAIN
PPI
0 NO PAIN N
1 MILD -
2 DISCOMFORTING -
3 DISTRESSING -
4 HORRIBLE -
5 EXCRUCIATING -

(PPlis Present Pain Intensity)

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.

Medical outcomes study Short-Form includes a bodily pain subscale, composed of two items
assessing pain severity and interference. In addition, the
The Short-Form 36 (SE-36)* is an international standard measure includes subscales assessing physical functioning,

when it comes to the quantification of functioning. It general health, vitality, social functioning, and mental
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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.®” %% 8> 8¢

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)*” 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,*”*® a slightly mod-
ified version has also been tested in other settings.*

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.”> "'

Pain intensity measures in younger individuals may be
carried out by using behavioral, physiological, or psy-
chological means.”” 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 consortium®' 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) scale’® or Children’s Hospital of Eastern
Ontario Pain Scale for ages one to seven’ were recom-
mended. For postoperative pain, the FLACC and the
Parents’ Postoperative Pain Measure”> were recom-
mended for use at hospital and home, respectively. For
critical care, the COMFORT scale’® 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,” self-report is the pre-
ferred method of assessment.”®°® Pictorial scales are the
most commonly used measure (e.g. FPS-R,”” the Oucher
scale’®), although the single item measures commonly
used in adults (e.g. NRS, VAS) appear adequate as well.'"!
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.'*? and Jordan et al.'®® 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.'® Furthermore, as part of
the aging process, degenerative changes occur at the
receptor organs, such as Pacini’s and Meissner’s corpus-
cles.'®> 1% Peripheral nerves undergo segmental demye-
lination and the degeneration which occurs within the
central nervous system leads to neurotransmitter changes
with altered sensory processing.'””'®® 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.'*® '
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,”>>>* 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."'" ' At least one measure of pain
has been developed that is specifically for use with older
adults, the Geriatric Pain Measure,'"” 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.''*



Chapter 2 Practical methods for pain intensity measurements 1 21

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,’*> as well as shorter articles and chap-
ters."'® "' 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."'® The BPI may
be a more appropriate tool,®* and indeed NRSs for pain
and function can be very valuable.'""” 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.'*® 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;

e 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."*!

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.”® Ratio scale data such as that derived
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Table 2.1

Time (hours) Current pain score Initial pain score

(A) (B)
0.5 2 3
1 1 3
2 1 3
3 2 3
4 3 3

Sum of pain intensity differences (SPID)
Maximum possible SPID?
Percentage of maximum possible pain intensity difference rating

Pain intensity

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

Correction factor Corrected PID

difference (B-A)

1
2
2
1
0

0.5 0.5
0.5 1
1 2
1 1
1 0
4.5
12
37.5%

?Initial pain rating x 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.’’

Time Current pain Correction Corrected
(hours) Relief factor 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 TOTPAR? 12
Percentage of maximum TOTPAR 70.83%

2Maximum relief score x time in hours.

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.'** 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 x (§/d)* 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).'”> When observations are made on paired data
the same power and level of significance are achieved as
above using the formula:

n>10.5 x (SD/d)* 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.'*> 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."** Using a VAS in the acute
moderate pain situation, a 27-29 percent change appears
to equate with a meaningful change.'* 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.'*> '*® For chronic
pain, several studies have suggested that a reduction of 30
percent appears clinically meaningful for many patients,”
127:128:129 although some have also used the more
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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.'*
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.” ** !

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

e 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.

e 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.

e 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
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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 Melzack' and McDowell and Newell?), 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).” 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.” 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.®”

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.®

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.”® 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.” 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.” 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.'” 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.'’ 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.'®'>'* 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.”

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.'” '
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).'® 7 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
applraisals.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))." 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.® 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.”> ** *°

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.”® 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.”””*® 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.”

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.’*?!
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.”** 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.’

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.”* 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’® 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:®® to prioritize problems, facilitate commu-
nication, screen for potential problems, identify pre-
ferences, monitor changes or response to treatment, and



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

Measure

Short form 36 of

Medical Outcomes

Study SF-362°

Sickness Impact
Profile SIP*'

Roland and Morris
short SIP?2

Nottingham Health
Profile NHP?®

Summary

9 separate domains
rescaled 0-100;
age-sex norms
available

Single total (%) or
physical and
psychosocial
separately

Single total 0-24

Total of domains or
"profile"

Content [number of items]

Physical
functioning
[10]

Role physical
(4]

Bodily pain [2]

Ambulation [12]

Body care and
movement
[23]

Mobility [10]

Eating [9]

Work [9]
Home
management
(10]

Physical
function
[18]

Pain [8]
Physical

abilities

(8]

Vitality [4]

Sleep and rest [7]
Activity [3]

Sleep [5]

Energy
levels [3]

More physical «<— More psychosocial

Social
functioning
[2]

General health

(5]

Recreation and
pastimes [8]

Communication

o]

Irritability [1]

Mental health [5]

Role emotional [3]

Emotional
behavior [9]

Alertness
behavior [10]

Social interaction
[20]

Appetite [1],
Sleep

Emotional
reactions [9]
Social isolation [5]

(Continued over)



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

Measure

Multidimensional
Pain Inventory
(MPI/WHYMPI)**

Pain Disability Index
(PDI)?®

Brief Pain Inventory
(BPI)*®

Oswestry [6] Low
Back Pain
Disability
Questionnaire®’

Summary

Domain totals as mean

0-6, or patient
type

Single total 0-70

Single total as % of
possible maximum

Content [number of items]

More physical «<—> More psychosocial

Pain and pain interference including control and mood [20]

Self-care [1]

Life-support

activity [1]
Pain [4]
Walking ability

(1]
Pain intensity

Lifting [6]
Walking [6]
Sitting [6]
Standing [6]

Sexual
activity [1]

Activity [18]

Family/home
responsibilities [1]
Recreation [1]

Social activity [1]
Occupation [1]

General activity [1]
Normal work [1]

Sleep [1]
Personal care [6]

Sleeping [6]
Sex life [6]
Travelling [6]

Spouse response
[14]

Mood [1]
Relationships [1]

Enjoyment [1]
Social life

(6]

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

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.”® 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.”* 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.*’

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.*' 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.*” 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.*

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.*’

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.”

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.**

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.?

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 Sherman** 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.> %!

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.>** 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 2~. 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.> **

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.*> 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 100 mm pain VAS of 5 mm 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,** Kazdin,*® Evans et al.,*’ and
Jacobson et al.*®

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.*® 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.*”*’ Options
include effect size calculations, effectively mean change
calculated in units of standard deviation, and therefore
comparable across measures and even across domains.””>'

Weiss et al>® 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.”!

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 (+=38.2, p<0.0001), 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?

e Aims of treatment are defined in general terms, such
as “reducing pain, improving function,” mainly by
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Figure 3.2 Histogram of pre and post-treatment scores.

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 staft,” operationalized
in terms of patients’ ratings of such statements.
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e 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.

e Of all quantitative sensory testing procedures,
determination of thermal thresholds assessing small
fiber function/dysfunction is most appropriate in the
evaluation of pain patients.

® \on 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.

e 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.

e Sensory-evoked potentials following CO, 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.
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Somatosensory potentials following CO, 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 1la, 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.! 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.”

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-p-aspartate (NMDA) receptors.” 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.* 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.’

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.



Chapter 4 Sensory testing and clinical neurophysiology B 45

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.’

Visceral pain referred to the skin may show sensory
abnormalities that are detectable by sensory testing.” 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 injury” '’ —
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:

e 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;

e 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.""

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.'” In patients
with chronic pain syndromes such as fibromyalgia or
whiplash, the pain responses to experimental muscle pain
are substantially exaggerated compared with controls.'?
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

Table 4.1 Characteristics of neuropathic pain.

Type of pain Description

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-
ities'* ' that are related to lesions in the sensory nerve
fibers or sensory pathways within the CNS.'® 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 4.2 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

Duration, frequency, and intensity

Spontaneous pain
Spontaneous paroxsymal pain

Evoked pain

Burning, aching, squeezing, cutting, piercing,
pricking, sore (and other descriptions)
Shooting, sharp, stinging, throbbing, radiating

Constant, but with possible variation in intensity

Duration, seconds to minutes; frequency, from
none to several per day

Pain or unpleasant sensation by stimulation of
painful area (usually light touch)
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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 A® 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.'” 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.'®

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.'” 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 pain'® or in a clinical
context.”” It has been shown that secondary hyperalgesia
to punctate stimuli is mediated by conduction in Ag-
nociceptive fibers,?! in contrast to the AB-fiber-mediated
secondary hyperalgesia to light brush.

Summary of von Frey hair testing

e Indication: for quantitative testing of tactile
sensibility.

e 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.

e 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.”” In an investigation of
patients with neuralgia, it was found that the vibration
frequency could be raised to 130 Hz 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

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

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

e Contraindications: none.

e 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,” masseter
muscle soreness, myofascial trigger points, and pain in
patients with fibromyalgia.”* The method seems to be well
suited for the determination of pressure hyperalgesia in
musculoskeletal disorders.

Summary of algometer testing

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

e 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.

e Contraindications: none.

e 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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Figure 4.1 Normal thermal thresholds measured by thermotest
from a baseline of 32°C.

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.”® 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 32°C, 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

Figure 4.2 Patterns of abnormal sensory
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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 1-3°C
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 32°C or a baseline temperature adjusted
to the skin temperature. However, using a fixed tem-
perature of 32°C 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 1°C/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 12.5cm? 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 50°C and the
minimum to be 5°C.

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

e 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.

e 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 50°C and
the minimum is 5°C.

e Contraindications: none (when used appropriately).

e 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.”” 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,”'” 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 CO, 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.”®?* The shape or amplitude of the vertex
potential does not change when the intensity of the
electrical stimulus exceeds the pain threshold.””*° This
has led to the suggestion that vertex potentials evoked by
nociceptive electrical stimuli are not reliable correlates for
changes within the nociceptive system.’’

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.**

A correlation between pain/temperature impairment
and changes in the laser-evoked potential measurement
has been found in patients with syringomyelia,” patients
with multiple sclerosis,”® and in neurological patients
with various dissociated sensory deficits.’® 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.”® 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.”” Evoked potentials to
cutaneous laser stimulation have indicated larger ampli-
tudes in these patients than in controls.’® 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.*

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 Torebjork was the first to
record from single afferent C-fibers in humans in 1974.*°
Since then, he has described the human nociceptive sys-
tem, both mapping the different classes of C-nociceptors’
and describing the pathophysiology of C-nociceptors in
peripheral injury.>® 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 activity*' as well as
catecholamine-induced activation of nociceptors.*?

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 proposed’ 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.*’ 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. 2°C/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 40°C/second and hence deliver pulses

Heat foil stimulation

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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Area Optic fiber
(0.6 mm diameter) (0.42 mm)

Step motor

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.

e Ketamine can be useful in neuropathic pain and
potentially help in opioid tolerance.

e 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." 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.””>*? 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

e The effect of a potential treatment may be rapidly
ascertained.
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e A number of potential treatments may be screened
over a relatively short period of time.

e “Clean” drugs with single modes of action may be
used to provide information about specific
pathophysiological mechanisms.

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

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

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

Disadvantages of intravenous drug challenges

e 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.

e 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.

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

e 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 Na,1.8 and Na,1.9 sodium
channels is associated with slow tetrodotoxin-resistant
currents; up-regulation of Na,1.3 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.® 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.”

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.*>? 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.'® Nociceptive pain may be reduced with
intravenous lidocaine, but only with high doses.'°[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."’ Oral mexiletine has been shown to be effective
in peripheral neuropathic pain."*[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."’

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.'*'>'® In addition, some of
the diffuse muscle pains, such as fibromyalgia, may ben-
efit from repeated intravenous infusions.'”'®*[V] Lido-
caine infusion has also been used to treat chronic daily
headache with substantial medication overuse.’’[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

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

e 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 4 mg/kg over 60 minutes).

e 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.

e 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.* — 1.5 mg/kg as a single bolus

over 60 seconds;

— Boas et al.'"’ — 3 mg/kg over three minutes.
However, it must be noted that when Tucker and
Boas® infused 3 mg/kg over three minutes, toxic
plasma levels in the range of 15 pug/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?!

SHORT INFUSION REGIMEN

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

e Higher doses have been given by other groups:

— Rowbotham et al.** — 5mg/kg over one hour,
maximum 450 mg, all patients achieved plasma
levels > 1 pg/mL, the maximum being 4.8 pg/mL
(see below for relevance).

— McQuay and Moore™ stated “The best
documented effective dose of intravenous
lidocaine was 5 mg/kg, which was well tolerated
when infused over 30 minutes.”

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

FOUR-HOUR INFUSION

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

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

e 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.

e We have extended the duration of infusion from two
to four hours as we feel that the longer the infusion,
the better the result.'®**

An “extended” six-hour infusion, 5 mg/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.*’

To summarize:

e Plasma levels of 1-2 pg/mL appear to be adequate for
a reduction in neuropathic pain.

e 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 2 mg/kg infusion.

e Informed, written consent must be obtained.

e It is the four-hour 2 mg/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.

e Full monitoring (electrocardiograph (EKG), blood
pressure (BP), and oxygen saturation (SpO,)) 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.

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

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

e If QST is employed, it is used before and just after
the infusion.
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e 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.

e The correlation of benefit to the patient between oral
mexiletine and intravenous lidocaine is not clear.”®
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 50 mg and titrate up to mexiletine 10 mg/
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

e Allergic reactions are rare’” and are managed as for
any allergic response.

e Most side effects are dose related.””*® 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 pg/mL.'* > 26

— Light-headedness, feeling drunk, and sedation
occur at around 4-5 pg/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 pg/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. 60 mL.
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.”>* 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.'®[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).?® 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; p<0.00001), 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:

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

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

e 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 pain®®>' and the capsaicin

model in humans® 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.®>?*°>°[I1] [1II] 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.**
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.””  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.” 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,”™
%4041 and the evidence base has changed little in the
past five years.*> 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 AP 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:*’

e phentolamine 0.5 mg/kg over 20 minutes for frail
patients;
e phentolamine 1 mg/kg over 10 minutes for fit patients.

To summarize:

e 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, SpO,), 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—8 mL/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;

e 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, 1-2 mg of
propranolol is given as a slow intravenous injection;
e 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,**
and in our laboratory we have seen cold allodynia
resolved with the phentolamine test.

Side effects and their management

e 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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e 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.*’

Pharmaceutical considerations

Phentolamine (Rogitine, Regitine) 10 mg/mL is adminis-
tered in 1 mL 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.** 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:

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

e 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-p-aspartate (NMDA) receptor channel in the

development and maintenance of chronic persistent
pain. It is particularly important in central sensitization
and opioid tolerance.*®*” However, NMDA receptors
may also mediate peripheral sensitization and visceral
pain.”’ 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 p-opioid recep-
tors.*® 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.*”>%>">>3[[11] Ketamine may
be useful in opioid-resistant pain in which the ketamine
may restore the opioid dose-response curve toward
normal.”®>*

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.”> However, the
studies on its use are small, and the mechanism of action
may still be via systemic absorption.”®

Indications

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

e 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

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

e Full monitoring is instigated (EKG, BP, SpO,), 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.

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

e 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.

e QST may be combined with the ketamine test.

e 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.

e 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.

e 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 100 mg/day,”” the final dose being
arrived at by careful titration. Some patients may not
even tolerate 100 mg/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.”® 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.”

An evidence-based review found level II evidence of
pain relief in fibromyalgia and ischemic pain, but for
nonspecific neuropathic pain, level IT and level IV studies
reported divergent results with questionable long-term
effects.®® 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.®'
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.®°[TV] Ketamine shows some promise in the
treatment of CRPS, but the evidence so far is weak.®” ®* 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[HI]

To summarize:

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

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

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

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

e 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.®> ®°

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.” 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.*®[I1I] Certain opioids may be more
beneficial in neuropathic pains than others. For instance,
methadone is thought to have NMDA receptor antagonist
properties.®” 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.”’

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

e Opioid sensitivity and allergy; drug addiction.

e Relative contraindications include a past history of
drug addiction and patients with severe respiratory
disease.

Doses and paradigms

e Morphine: the patient may need to be an inpatient.
The Oxford group®””" have used a patient-controlled
analgesia system with nurse/observer measurement of
analgesia, mood, and adverse effects.

e Remifentanil: this is a new approach, which may
offer a more rapid procedure.”

e Alfentanil: in patients without previous exposure to
strong opioids, we normally inject 100-pg aliquots
every minute up to a maximum of 1000 pg (ten
times 100-pg 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 100 g
intravenously every minute to a total of 400 pg 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.”
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To summarize:

e 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;

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

e different opioids may have different effects and side
effects;

e 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

® (linical examination and history of the disease is of
major importance in guiding the choice of laboratory
tests.

® |aboratory tests are seldom diagnostic.

® A laboratory test should only be required in an attempt
to refine the diagnosis further.

® |aboratory 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:

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

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

e 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
Waldenstrom’s macroglobulinemia.' In contrast, poly-
clonal gammopathies may be caused by any reactive or
inflammatory process.'
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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).>>* 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.”> 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.”°

Other tests

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

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

NUTRITIONAL DEFICIENCIES

Vitamin B,

As many as 15-20 percent of people over the age of 65
years are estimated to be deficient in B,,.%? Pernicious
anemia is a marker of B, deficiency, but it is inadequate
on its own since By, deficiency exists in the absence of
anemia. The nonhematological manifestation of B,
deficiency results in nerve dysfunction, including neuro-
pathy.'® It is likely that the peripheral neuropathy is
linked to the diffuse myalgia that is sometimes seen in By,
deficiency and this improves with B, replacement.'® "
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.'? Tron 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.'°
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."”

Vitamin D

Vitamin D deficiency may be associated with muscu-
loskeletal pain, loss of type II muscle fibers, and proximal
muscle atrophy,'* ' 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.'¢

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.'” 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).'® 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. "

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.””*">?>2* 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.”” **
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.** 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.***>2® 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.?*?” Most
apparently healthy adults have serum CRP levels of less
than 2 mg/L, although concentrations up to 10 mg/L are
not unusual. Concentrations between 10 and 100 mg/L
can be considered moderate increases, and concentrations
greater than 100 mg/L are marked increases.”>*” 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.”® 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.”® In some
inflammatory diseases, like systemic lupus erythematosus
(without serositis or arthritis), ulcerous colitis, dermato-
myositis, and Sjogren’s syndrome, only a modest to absent
CRP response is seen, despite active inflammation.”* 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.”!

Erythrocyte sedimentation rate

Over many vyears, 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).”> 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.”” 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 I1gG, will also increase red
blood cell aggregation and cause increased ESR. Anemia
may cause increased,”® and polycythemia decreased,’
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.”> Under the age of 50 years, the upper limits of
normal ESR are 15 mm per hour for males and 20 mm per
hour for females, while over the age of 50 years, the levels
are 20 mm per hour and 30 mm per hour, respectively.*®

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).>” 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.” 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.””?° Positive RA tests are also
found in patients with other autoimmune diseases, like
Sjogren’s syndrome and systemic lupus erythematosus
(SLE), as well as in malignancies and in chronic infec-
tions.*” If IgM and IgA-RF are combined, there is an
increased specificity for RA.*' Patients with IgA-RF have
been reported in several studies to have a more severe RA
evaluated by disease activity and radiological progres-
sion.*>* A high titer of RF has been associated with a
more severe disease,** and treatment response is followed
by decrease in RF levels.*> 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



70 B PART | PRINCIPLES OF MEASUREMENT AND DIAGNOSIS

determinant in these antigens, is posttranslationally gen-
erated by peptidylarginine deiminases (PAD).***” 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.*®*® The antibodies are often pre-
sent in the early stages of the disease and are predictive of
disease outcome.’®>">>°>3* 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.*®
Analysis of anti-CCP antibodies is useful for the evalua-
tion of prognosis in individual patients with early rheu-
matoid arthritis.”® The high specificity for RA makes it
useful to distinguish RA patients from patients with SLE>®
and RA-like arthropathies in chronic hepatitis C virus
infections®”>® and polymyalgia rheumatica.”

Antinuclear antibody

Autoantibodies, a hallmark of SLE, are typically present
several years before diagnosis.”” Several of these anti-
bodies, which number over 100, have been associated
with disease activity.®"®* 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 population®*
and in about one-third of healthy individuals at the
lowest dilution.®® 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.®® In the
laboratory, pathological ANA will 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.®>®> ¢
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.*> ®® 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.” 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 Sjégren’s syndrome.”” 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.”" 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.”> In generalized
Wegener’s granulomatosis, PR3 is seen in 70-80 percent
and MPO in 10 percent of patients.”” 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.” The titers may be followed for prevention
of relapse.”*”” 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,”®
ulcerative colitis,”” and Crohn’s disease.”®

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,””*° like arthritis and myalgia, as
well as neurologic features,®" 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.®”
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.®>%* The
SpA includes ankylosing spondylitis, psoriatic arthritis,
reactive arthritis, and arthritis secondary to inflammatory
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bowel disease.”> HLA-B27 belongs to the major histo-
compatibility complex (MHC) class I molecules, which
are multi-subunit glycoproteins on the cell surface.*® The
sensitivity and specificity of HLA-B27 for SpA in young
patients with chronic inflammatory low back pain is
about 90 percent.’” 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.®® 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.®®

ALGORITHM FOR LABORATORY EXAMINATION
OF A PATIENT WITH PAIN

e 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.

e History and clinical examination indicates symptoms

caused by nutrition deficiencies:
— vitamin B;,;

— folic acid;

— iron (ferritin);

— 25-OH vitamin D.

e History of diabetes and neuropathic pain:
— blood glucose;

— HbAlc.

e History and clinical examination indicates joint
inflammation:
— RE;

— anti-CCP;
— ANA.

e 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.

e History and clinical examination indicate muscle
pathology:
- CK;

— glucose;
— TSH.

e 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

e 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).

e (areful 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.'
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.” There is no doubt that certain types
of neuropathy have a particular propensity for causing
pain and these are listed in Table 7.1.
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Table 7.1 Neuropathies commonly associated with pain.

Mononeuropathy and multiple mononeuropathies

Entrapment, e.g. carpal tunnel syndrome

Trauma, e.g. postamputation

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

Diabetes — mononeuropathy/proximal diabetic neuropathy

Herpes zoster — postherpetic neuralgia

Malignant infiltration

Plexus neuritis

Symmetrical polyneuropathy

Genetic causes - Fabry's disease, amyloidosis, CMT 2B (RAB7
mutation), CMT 4F (periaxin mutation), HSAN1 (SPTCL1
mutation)

Metabolic causes - alcohol, diabetes, amyloid, beri beri

Toxins/drugs - thallium, acrylamide, antiretrovirals, vincristine,
cisplatin, thalidomide

Paraneoplastic

Infective/postinfective — neuroborreliosis, HIV, hepatitis B/C,
Guillain-Barré syndrome

Other:

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.

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:

e mononeuropathy — involving a single nerve;

e mononeuritis multiplex — involving multiple single
nerves;

e 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);

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

e 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:

e large fiber — isoniazid neuropathy, some

paraneoplastic neuropathies;

mixed — diabetes mellitus, alcohol;

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

Peripheral nerve fiber involved Symptoms
Motor axons (large myelinated) Weakness
Sensory axons

Large myelinated (AB-fibers) Numbness

Paresthesia
Incoordination
Small (unmyelinated C and thinly  Pain
myelinated A3-fibers)

Autonomic axons (principally small
unmyelinated C-fibers)

Urinary dysfunction
Impotence
Gastrointestinal
motility disorders
Hypohidrosis

Signs

Muscle weakness

Muscle wasting

Fasciculation

Contractures

Reduced light touch, proprioception
and vibration sense

Gait ataxia/Romberg's sign

Reduced pinprick and thermosensation
Dysesthesia

Ulceration

Horner's syndrome

Postural hypotension

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.

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

e 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).

Table 7.3 Time course of presentation.

Onset of symptoms to clinical nadir

Acute neuropathy 1 month
Subacute neuropathy 1-2 months
Chronic neuropathy >2 months

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.
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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 4E
hereditary sensory autonomic neuropathy (HSAN, type 1),
Fabry’s disease, erythromelalgia,” and paroxysmal extreme
pain disorder.*

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 Sjogrens 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;’
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 Sjogren’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.® There are a number of class II and
II 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.”” 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.® 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.’

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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e 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
neuropathy”), plasma protein electrophoresis (with
immunofixation), vitamin B,,, and folate.

e 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.

e 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,'! 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.'* 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.'> Another group has also
found a close correlation between abnormalities in
sudomotor function and epidermal innervation density in
painful sensory neuropathy.'®

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,'”” '® sarcoidosis,'” and amyloid
neuropathy®® (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;*!
however, this requires electron microscopy, is time con-
suming, and may not fully reflect the degree of unmye-
linated fiber degeneration.zz’ (1] 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.** 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.'”* In
selected patients, this procedure remains very helpful.
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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.

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.**

Skin biopsy

Over the last decade, skin biopsy has been developed as a
tool for the investigation of neuropathy.”® 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.” **[1I] 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).

i

Figure 7.2 Protein gene product (PGP) 9.5 immunoreactive
intra-epidermal fibers (arrows) in human distal calf skin biopsy.
Scale bar=50pum. Image provided by Prof. P. Anand, Imperial
College, London.

For sensory neuropathy, this procedure has been shown to
have a positive predictive value of 75 percent and negative
predictive value of 90 percent®® 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.”® 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.’”’ In some instances it can give
helpful information on the etiology of the neuropathy; for
example, demonstrating the deposition of anti-MAG
antibodies.”> 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.”> 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.**

Lumbar puncture

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

® |maging techniques have revealed that the structure,
neurochemistry, and receptor distributions in the brains
of chronic pain patients differ from those of healthy
individuals.

e 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.

e The chronic pain state may now be regarded as a
disease in its own right, with pathophysiology that is
increasingly revealed by neuroimaging.

e 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.
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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 8.2 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;
H,'50-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 CBE
Commonly, 150, a radioactive isotope, is chemically
incorporated into water and intravenously injected.
[>O]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
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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).! 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).
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

Basal level deoxyHb
Basal local field distortion
Baseline BOLD signal

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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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.

studies investigating acute pharmacologically induced
analgesia do show predominant effects in this core net-
work suggesting their overall importance in influencing
pain perception.” 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.* 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 (vall58met) 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.” 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. 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.”

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
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Table 8.1
(CBF)-based imaging techniques.

Modality BOLD fMRI
Working principle

Availability Most tertiary medical centers

Invasiveness Completely noninvasive

1-2mm
Hundreds of milliseconds

Spatial resolution
Temporal resolution
Experimental design
environment
Derived data
absolutely

Coincidental events

Detects changes in the magnetic field due to
variations in the oxyHb/deoxyHb ratio

Flexible. Limited mainly by noise and magnetic

Unable to quantify the physiological baseline

Channel 1
Channel 2
Figure 8.5 (a) The unstable radionuclide decays
emit a positron which collides with a nearby
Summed  electron and annihilates. Two photons are
channel 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).

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

150-water PET

Detects the radioactive isotopes that is tagged
on to molecule of interest

Isotopes are short-lived and must be generated
by a nearby cyclotron

Employs radio-isotopes. Requires intravenous
access as minimum

5mm at best

Minutes

Limited by tracer half-life and radiation dose

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.

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-
gues® 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.’

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.'® 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 8.6 Neuroanatomy of pain processing. Brain regions that commonly activate during a painful experience are insular cortices
(Ins), anterior cingulate cortex (ACC), secondary somatosensory area (Sll), 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.

concepts are perhaps supported by recent studies looking
at the influence of control in pain perception. Wiech and
colleagues'' 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.'' 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.'”” 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."’

Zambreanu and colleagues'* 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.'> 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 colleagues'®
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 colleagues'’ 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.'®
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.
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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,'” 2% 2! 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.** 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 colleagues™ 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.”” 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

CSF

Gray matter

White matter "

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 colleagues® 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.”* 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
DTT 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

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 colleagues® 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.*® Regional differences in ligand
binding within key pain processing brain regions have
also been reported in several neuropathic pain studies.*”
%% 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.”’ A
recent study by Maarrawi and colleagues®® demonstrates
differential brain opioid receptor availability between

NAA
Cr
myo
Cho
T T T
4.0 3.0 2.0
ppm

Figure 8.8 A typical 'H-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

"C-NNC 112 - D1 (postsynaptic

dopamine receptor)

"C-racloprde RAC D2 (postsynaptic
dopamine receptor)
"C-FLB457 - D2 (postsynaptic

dopamine receptor)
Opioid mu-receptor
Opioid receptor

"C-carfentanyl -
"'C-diprenorphine DPN

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.’® A recent PET study in fibromyalgia
patients by Wood and colleagues®> 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).” 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



Chapter 8 Novel imaging techniques B 91

recent study by Scott and colleagues® 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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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.

e (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.

e Qutcome 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
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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.”?

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,”* > there are
numerous variations of these programs. Each program
appears to have its own set of techniques and its own
orientation.* 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.” 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.” The authors found considerable
potential for improving treatment efficacy by tailoring
treatment to the actual risk factors found.®

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.”® 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.””1° 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.” 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.'"'* 3% 1> 1 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.'” Normative data
represent the performance on a measure or test by a
standardization sample.'® 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,'® %222

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, 800 mg, four
times a day; OxyContin, 10 mg, 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=7566) seen at the same clinic®® 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).”* 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

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) 45 Worse than 70
(17-68)
Pain self-efficacy beliefs 20 Worse than 60

(PSEQ) (0-60)

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);** TSK (Tampa Scale for Kinesiophobia);*> PSEQ (Pain Self-Efficacy
Questionnaire);*® PRSS (Pain Response Self-Statements).?’”

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).



Chapter 9 After assessment, then what? 199

v

/—>

CHRONIC
PAIN

J

UNHELPFUL
THOUGHTS

>

USE MULTIPLE

POSSIBLE

HEALTHCARE
INPUT (£)

Figure 9.1 How chronic pain can become a complex problem.

DRUGS-

- L N PHYSICAL
REDUCED
ACTIVITY DETERIORATION

(e.g. muscle wasting,
joint stiffness)

}

8 BELIEFS
_I DISTRESS:
Depression,
REPEATED Helplessness, —p
TFmEoAS-trleEa%T ° Frustration,
’ Anger
LONG-TERM

SIDE EFFECTS
(e.g. stomach problems,
lethargy, constipation)

LOSS OF JOB, FINANCIAL
DIFFICULTIES, FAMILY
STRESS

REDUCED

ACTIVITY \ PHYSICAL

CHRONIC
PAIN

S~—

HEALTHCARE
INPUT

|

Gabapentin
Oxycontin

Work pressure;
Roles change
at home

//

DETERIORATION
(e.g. CRPS symptoms)

High fear-

avoidance;

High

Catastrophizing;

Low self-efficacy
DISTRESS:
Depression,
Helplessness,
Frustration,

REPEATED Fear

TREATMENT

FAILURES

LONG-TERM:
SIDEEFFECTS

(e.g. concentration reduced;
lethargy, constipation)

Figure 9.2 Formulation of case 1.

EXCESSIVE
SUFFERING &
DISABILITY

EXCESSIVE

DISABILITY




100 B PART Il THERAPEUTIC PROTOCOLS

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.?

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:

e increasing specific functional activities (at home and
work);
increasing work time;
reducing side effects of medication;

e 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);

e 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.'® Motivational interviewing is one method of
enhancing engagement.”®?’ 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 ...
Contrast that with the more confrontational: “You are
telling me that....” 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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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?"

negotiated. Since total pain relief is often not feasible,*®
other goals must also be considered. The main attributes
of suitable goals are:

e specific (measurable);
e achievable (realistic); and
e 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 Yang’' 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 10kg 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.’® For a fuller discussion of these
issues in relation to injured workers see Franche et al.””

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.”® 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.®

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

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.>**>” 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).”® *” 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.*

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
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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:

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

e Has function improved (e.g. daily activities)?

e Are there any physiological improvements (e.g.
muscle strength)?

e 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)

Table 9.2 Outcome domains of common interest.

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.®
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.®

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

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
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10 Baseline Intervention
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Figure 9.3 Effects of treatment on pain.

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.*** 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
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Figure 9.4 Effects of training on two activities.

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.

® Llong-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.

e 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.

® |ntermittent-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.

e 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.
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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.' Endocrine organs
are affected with reduced production of estrogen, testos-
terone, and cortisol.” Immunological functions may be
depressed.” More sinister is the development of compul-
sive opioid-seeking and other addictive behaviors that
may result from long-term opioid treatment.*>®”®
Some degree of problematic opioid use arises in about
2-10 percent of opioid-treated chronic pain patients,” ® *
'% 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.”” ' '*

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.*?

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>1% pain intensity may decrease by
about 30 percent,' some maintain satisfactory pain relief
for at least three years,'" but more than 50 percent of
patients stop using opioids within one or two years
because of too little pain relief or adverse effects.”®
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.'” 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.'”

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.'® 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.'® '>*°

ARE SOME DRUGS OR SOME
ADMINISTRATION MODES MORE PRONE TO
CAUSE PROBLEMATIC PRESCRIPTION OPIOID
USE?

Frequent and prolonged exposure to a potent p-opioid
receptor agonist may precipitate aberrant prescription
opioid use behavior in people genetically predisposed to
addiction, when circumstances are unfavorable.*® 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.*”

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 p-opioid recep-
tors (Box 10.2 and Table 10.1).% 2> 2% 2425 26 Thjs 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.® ” However, this is mostly based on expert opi-
nions and is not based on controlled trials.”® However, the
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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
p-opioid receptor agonist effect appear to be more
easily controlled during long-term treatment than
administration of a fast-onset opioid with short
duration.

® QOral administration of controlled-release (depot)
formulations.™®

® 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.

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.* >

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.® **

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:

e other drugs and other methods with less risk of
serious side effects have failed to relieve pain and
improve quality of life;

e 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);
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e the patient’s quality of life, emotional, social, and
physical well-being are improved and the patient can
tolerate side effects;

o the risks of adverse effects of long-term opioid
therapy are acceptable;

e the patient, his family, and primary care physician
understand and accept the benefits and risks of long-
term opioid therapy;

e 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

Table 10.1  Oral and transdermal opioids for chronic pain.

Generic name

Codeine
Codeine CR
Dihydrocodeine
Dihydrocodeine CR
Tramadol
Tramadol CR
Tilidin+naloxone CR®
Morphine
Morphine CR
Oxycodone
Oxycodone CR
Oxycodone+naloxone
CR®
Hydromorphone
Hydromorphone CR
Methadone

Analgesic starting dose in opioid
naive patient

30mg every 4 hours

100 mg every 12 hours
15mg every 4 hours

60 mg every 12 hours
50 mg every 4 hours

100 mg every 12 hours
50+4 mg every 12 hours
10 mg every 4 hours
30mg every 12 hours
5mg every 4 hours

10 mg every 12 hours
10+5mg every 12 hours

2mg every 4 hours
4mg every 12 hours
5mg every 8 hours

Pethidine not for chronic pain
Ketobemidone not for chronic pain

Buprenorphine patch
Fentanyl patch

5ug per hour patch every 7 days
12 ug per hour patch every 3 days

Approximate starting doses for opioid-naive adult patients above 50kg
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.

#Naloxone-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.

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.’® 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.*">>" >

Increased risk of aberrant opioid use

The risk of developing problems from prescription
.. P 4,5,6,7,8,11,12,33
opioids is increased:

e in patients with a history of previous or present drug
or alcohol abuse, and
e 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.> *»>* Validation of such screening tools is
ongoing.”

Relative contraindications?

Patients with increased risk of developing problematic
opioid use, however, also need pain relief.*® 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.® >

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
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responsibilities associated with opioid treatment should
be documented in writing.

e Verbal and written information, including informed
consent, should be given before starting a trial for
possible long-term treatment with an opioid drug.

e The patient is coresponsible for the dosing regime,
compliance, adjusting dosage for breakthrough pain,
and returning to baseline dosing.

e The patient must be able to understand and share
responsibility for observing and reporting symptoms
of development of tolerance, physical dependence,
and withdrawal symptoms.

e 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.

e Confusion or changes in mental state or cognitive
and thinking abilities.

e Coordination problems may make operating
dangerous equipment or motor vehicles unsafe.

e Increased sleepiness, especially when combined with
other drugs or alcohol.

e Constipation requiring prophylactic stool softeners
and laxatives from initiating treatment.

e Respiratory depression if the dose of opioid drug is
rapidly increased, especially when combined with
night sedation or alcohol.

e Decreased appetite, nausea, heartburn.

e Decreased production of estrogen, testosterone, and
cortisol causing infertility and decreased libido.

e 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.

e 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.® 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.® 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.*
> 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.**” 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.””>®>%** The true
risk of developing addiction to prescription opioids is in
fact not known.®

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.”
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 Forge®® 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.”®

e 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.

e 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.

e “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).> %

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.s’

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.*> > 2% 22
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.

e 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.

e 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.

e Potential contraindications to opioid treatment:

— history of alcohol or substance abuse (relatively
strong contraindication);

— unstable sociopsychological background (relative
contraindication).
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e 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.

e 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.

e 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.

e 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.

e [f 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

measurements documented in the patient’s chart, and
followed over time.

Treatment plan

e The treatment plan should aim at maintaining
documented effects observed during the trial period.

e It should include the type of drug, administration
form, and dosage.

e 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.

e 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.

e 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

Objectives of treatment

The aims of treatment should be:

e reduction in subjective pain intensity and burden of
pain;

e improved ability to carry out daily activities;

e improvement in social functioning;

e 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

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 pg/kg
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per hour, or 150 ng 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.'®

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.'® No doubt careful reconsidera-
tion of overall effects are necessary when an oral dose
equivalent of about morphine 200 mg per day is exceeded.
However, the author has seen occasional patients have
apparent successful escalation up to 200pg per hour
fentanyl patch (equivalent to about 500-700 mg 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.'® 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.

e Treatment goals: improving quality of sleep and
mobility; these are obtainable with opioids added to
paracetamol with an acceptable risk of adverse
effects.

e 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 p-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 5ug per hour patch, or a
three days fentanyl 12 ug per hour patch may be the
best option.

e 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.”’ A
number of nonopioid drugs can modify these abnormal
pain mechanisms and to some degree reduce suffering.’
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."”* The dose needed
may sometimes be higher than for nociceptive pain.
Otherwise the general principles described above must be
adhered to." >

CHRONIC BACK PAIN

A systematic review of 38 studies with reasonable quality
concerning opioid treatment for chronic back pain was
published in 2007.’® 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.”> 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.*'

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).

® QOpenly 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). " '+

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.*” 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.** 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
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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.

® FEvidence 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.”'?

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 5 mg 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
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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.*’
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KEY LEARNING POINTS

e 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.

® QOpioids 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.”>>* 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
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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

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.” The use of CSCI requires a number of
assumptions.

e That the physicochemical and pharmacological
properties of drugs (either singly or in combination)
are suitable for administration by this route.

e That the drug remains stable in solution for the
duration of infusion.

e That absorption from the subcutaneous tissues is
reliable and constant.

The subcutaneous route is preferred because of the
following.

e 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.

e 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.

e 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.’

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.
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USE OF SYRINGE DRIVERS

Syringe drivers are the most popular means to administer
subcutaneous infusions.” 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 25 mL 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.

e Presetting the syringe driver reduces the opportunity
for error when users vary the rate during the course
of an infusion.

e [t enables better planning of nursing care as the
syringe driver will need replenishment at a
predictable time.

e It is common practice to include more than one
drug in a CSCL

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:

e 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);

e infusion device operating, connections are intact and
not leaking;

e 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:

e low power/battery failure;
e 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).%
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.

e Some drugs are reported to cause more frequent
reactions (cyclizine, diclofenac, ketamine, and
methadone).

e 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?

e Infection should be considered in the event of
reaction.

e 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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e adding low doses of corticosteroid to the infusion
(e.g. dexamethasone 1 mg);
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.

e 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.

e 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.

e 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.”

e Other concomitant pain interventions may reduce
the opioid requirement. Large reductions in opioid
dose are sometimes needed if ketorolac or ketamine
are added.

e 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.

e The volume needed to dilute the drugs and the
volume of syringe available for infusion have to be
calculated.

e [t may not be possible to use a full syringe because the
jaws of the syringe driver will not open wide enough.

e Whether an adjustment is to be made for the
capacity of the connection tubing.

e The rate of the infusion is typically measured in
distance (mm) travelled along the barrel of the
syringe, not the volume.

e The rate at which the driver operates may be
expressed in different units of distance and time
from one driver to the next.

e 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:

e 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;

e documented procedures for setting up infusions and
delivery systems;

e 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.” 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.'” 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."’

Morphine is well absorbed after s.c. injection and is
metabolized in the liver to morphine-3-glucuronide
(M3G) and morphine-6-glucuronide (M6G)."> 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.'”'*
Other effects such as hyperalgesia, myoclonus, and agita-
tion have been attributed to M3G in animal models." "> '°

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;

e there is significant renal or liver impairment.

Patient with cancer pain requiring CSCI
Is the patient receiving oral opioids?

Yes

No

Morphine Oxycodone

Transdermal fentanyl

Is the patient in pain?

Convert to s.c. Convert to s.c. Remove patch and start Yes No
morphine sulfate oxycodone s.c. alfentanil/sufentanil
or diamorphine morphine
diamorphine
Morphine/diamorphine :
2.5 mg s.c. bolus, start Prescribe
s.c. morphine morphine/
diamorphine diamorphine 2.5-5 mg
10-15 mg/24 hours s.c. boluses as needed

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:

e alfentanil (particularly in the setting of renal failure);

e diamorphine (UK only);

e oxycodone (dose reduction required in severe renal
failure);

e fentanyl (large volumes limit use in CSCI);

e methadone (to be initiated only with specialist
supervision, relatively safe in renal and liver failure);

e 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
— ie. 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?

e [s there a suitable parenteral preparation available?

e 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.

e Rescue doses at one-sixth of the total daily dose of
opioid should be prescribed.

e 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: Dose range Evidence Notes
drug
equivalence
Morphine sulfate 10, 15, 20, 30 mg/mL 1 No upper limit 1l Dose reduction advised in
renal failure
Morphine 120 mg/mL
tartrate
Diamorphine HCI <250 mg/mL 1:0.5 No upper limit Il Dose reduction advised in
renal failure
Fentanyl 100 pg/2 mL 1:0.01 25-50 pg/hour 1 Hepatic excretion
Alfentanil 1mg/2 mL 1:0.25 0.5-1.0 mg/24 hours
Sufentanil 50 pug/mL No upper limit Sufentanil is seven times
more potent than
fentanyl
Methadone HCI 10 mg/mL 1:0.25-1 No upper limit. Use only Il Specialist palliative care
if on oral methadone use only. No dose
initially adjustment necessary in
renal and liver failure
Hydromorphone 10, 20, 50 mg/mL 1:0.2 Range 1-35mg/hour. No I Used if small volumes are
HCI maximum dose required
Oxycodone 10 mg/mL, 20 mg/mL 1:0.6-1 No upper limit. Starting Il Dose reduction advised in
dose for opioid-naive liver and renal failure
patients 5-10 mg/24
hours
Buprenorphine Transdermal 35-140pg/  1:0.1-0.2 1600 pg/24hours

hour patches
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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.'” 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.'® '’

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;

excessive sedation;

hallucinations;

myoclonus;

allodynia.

oo T

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 1.5 mg twice a
day or metoclopramide 10 mg 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.*>?!

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:

e check that the patient is receiving the prescribed
dose;

e evaluate the new pain;

e 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.

e 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 100 mg intravenously may be
effective.”> >

e 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).

e 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.

e 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.

e 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.** ** 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.?® In those over 65 years, there may be prolonged
metabolism, a lesser inactivation over time followed by an
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Table 11.2  Subcutaneous opioids in renal failure.

Half life (hours)

normal/ESRF
First line Alfentanil 1-477
Oxycodone 2-3/3-4
Hydromorphone 2.57?
Third line Morphine 1-4/unchanged
Diamorphine 1.7-3.5 minutes??
Others Methadone 13-58

Dose reduction Dialysability Notes

None Not dialysed

Yes Unknown

Yes Unknown

Yes Yes

Yes Yes

No, 50% if GFR No For specialist palliative

<10 mL/minute

care use only

ESRF, end stage renal failure; 7?2, half life in ESRF is unknown.

increase in duration of effects, mainly impairment of
respiration. The clinical implications of this are as follows.

e Slow titration will allow for long circulation times.

e Choose a lower total dose because of increased
sensitivity.

e There is a longer duration of action due to reduced
clearance.

e Opioids with low plasma protein binding and no
pharmacologically active metabolites should be used,
e.g. fentanyl, alfentanil, methadone, and oxycodone.

e (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-p-aspartate
receptor and has received increasing interest as an agent
for neuropathic pain syndromes.”” 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 1 mg/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

e The patient has poorly controlled pain despite opioid
optimization and use of appropriate coanalgesia.

e Counselling and consent to treatment must be
obtained.

e Commence ketamine subcutaneous infusion at 1 mg/
kg/24 hours by separate syringe driver — usually
either 50 or 100 mg/24 hours.

e 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.

e Give concomitant midazolam 5mg/24 hours or
haloperidol 5mg/24 hours by subcutaneous infusion.

e Monitor pain scores and increase ketamine after 24
hours if there is no improvement.

e Use increments of 50-100 percent of previous daily
dose to a maximum of 10 mg/kg/24 hours (usually
<600 mg/24 hours).

e 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
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predominates. The usual initial dose of ketorolac is
60 mg/day with titration up to a maximum of 120 mg/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.”® 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 60 mg 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 120 mg per 24 hours in increments of
30 mg.

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:

e 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 CSClIs 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.”” Setting standards enables
audit to provide important information about service
delivery and conformity of practice. Typical issues
include:

e 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.


www.pallmed.net
www.palliativedrugs.com
www.palliativedrugs.com

Table 11.3 Commonly used two-drug combinations.’

Alfen- Clona- Cycli- Dexame- Diamor- Glycopyr- Halope- Hydromor- Hyoscine Hyoscine Keta- Keto- Metha- Levome- Metoclo- Mida- Morphine Octr- Ondan-

tanil  zepam zine  thasone phine rolate ridol phone BBr HBr mine rolac done promazine pramide zolam sulphate eotide setron
Alfentanil o o o o o o o o o o o o o
Clonazepam o ) o
Cyclizine \% \Y \Y v X o X o \Y X
Dexamethasone o \% o X o o o o X o o o
Diamorphine \% o o o o o o o o o o o o
Glycopyrrolate o X o o o o o
Haloperidol ¢ ¢ v o o o o X o o o
Hydromorphone
Hyoscine BBr o o O o o o o o o
Hyoscine HBr o o o o o o
Ketamine o o o \Y o o
Ketorolac o X o X o o X o
Methadone o o o o o o o
Levomepromazine o o o o o
Metoclopramide o o o o o o o o o
Midazolam o o o o o o o o X o o o o
Morphine sulfate v o o o o o o o o o o o
Octreotide o X o o o o o o
Ondansetron o o
Oxycodone o \% \% \Y% o o o o o o o o o o

Blank square, no data; o, compatible; V, compatible at usual concentrations; ®, occasionally incompatible. X, incompatible.
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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.>***>6 78910

The efficacy of antidepressants, calcium channel o,01
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." 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
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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 a,61 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.>® % 101112

e Nonspecific sodium channel blockers:
- phenytoin;8
— carbamazepine;®
— oxcarbazepine.’
e Specific sodium channel blockers:
- Larnotlrigine;3’9
— topiramate (also gabaergic and antiglutaminergic
effects). > 12
e (Calcium channel calcium channel ,61 subunit
ligands:
— gabapentin;"?
— pregabalin.” '°
e Gabaergic drugs:
— valproic acid.” '

Painful conditions in which antiepileptic drugs have been
shown to have an effect in some, but not all trials are:

e diabetic and other painful polyneuropathies
(gabapentin, pregabalin, phenytoin, carbamazepine,
lamotrigine);

e postherpetic neuralgia (gabapentin, pregabalin,
valproate);
central poststroke pain (carbamazepine, lamotrigine);

e post-spinal cord injury neuropathic pain
(pregabalin);

e 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

e Phenytoin:
— AV block;
— hepatic failure;
— allergic reactions.
e Carbamazepine:
— AV block;
— treatment with monoamine oxidase inhibitors;
— hepatic failure;
— porphyria;
— allergic reactions.
e Oxcarbazepine:
— AV block;
— treatment with monoamine oxidase inhibitors.
e Lamotrigine:
— renal failure;
— allergic skin reactions.
e Gabapentin and pregabalin:
— none, but reduced doses in renal failure.
e Sodium valproate:
— hepatic failure;
— hepatic failure in relatives during treatment with
sodium valproate;
— thrombocytopenia.
e 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 50 mg twice daily and the dose increased
weekly by 50 mg until a sufficient response or until the
maximal recommended serum level (80 M) 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
100 mg 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 100 mg three times daily,
increased by 100 mg 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
100 mg every two to three days up to a dose of 200 mg
three times daily. Further increases in the dose are guided
by effects, side effects, and the upper recommended drug
level (40 uM). 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 150 mg in
the evening and increments of 150 mg 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 uM).

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 25 mg twice daily. After
this phase, the dose can be increased by 50 mg every second
week until an acceptable response is achieved or a maximal
total daily dose of 200-300 mg 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, 300 mg is given in the
evening, then 300mg twice daily for two days, and
thereafter 300 mg three times daily. If there is no effect,
the dose can be increased by 300-600 mg every second
week according to effects and side effects, with an upper

dose limit of 3600 mg daily. Several weeks can be required
to reach an effective dosage, which is usually between
1800 and 3600 mg. Daily doses >2700mg 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 300 mg per day within
one to two weeks and the maximum benefits occur often
after two weeks of treatment at target dosages of
300-600 mg/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.'

Sodium valproate can be started at 500 mg/day and the
dose adjusted in steps of 500 mg every week to obtain the
target serum drug concentration (700 tM) 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 100-200 mg 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.

e 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.
e 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).
e Oxcarbazepine:
— allergic manifestations (25 percent cross-reactivity
with carbamazepine);
— sedation;
— headache;
— ataxia, dizziness;
— fluid retention, low sodium levels (clinical
significance uncertain).
e Lamotrigine:
— skin rash (see above under Dosing and treatment
schedule);
— Insomnia;
— headache;
— sedation, dizziness, nausea, double vision (high
doses).
e Gabapentin and pregabalin:
— sedation;
— ataxia, dizziness;
— headache, nausea, vomiting;
— erectile dysfunction.
e 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).
e 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).
e Tricyclic antidepressants:" >
— with balanced reuptake inhibition of
norepinephrine (noradrenaline) and serotonin:
e imipramine;
e amitriptyline; and
e clomipramine.
— with relatively selective reuptake inhibition of
norepinephrine:
¢ desipramine;
¢ nortriptyline; and
e maprotiline.
e Selective uptake inhibitors:
— selective serotonin reuptake inhibitors (less
effective or ineffective):" >3
® paroxetine;
e citalopram;
e fluoxetine; and
e sertraline.
e Serotonin and norepinephrine reuptake inhibitors:"*>
— venlafaxine;"*
— duloxetine."’

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.'

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:

o 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.
e 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.””’

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:

amitriptyline+nortriptyline of around 300 nM;

e imipramine+desipramine of around 400 nM; and
clomipramine+desmethylclomipramine 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:

e pronounced variability in pharmacokinetics: this is
primarily due to genetic variability;

e dosing according to effects and side effects is not
feasible: there are nonresponders, and side
effects may occur at subtherapeutic drug
levels;

e Jow therapeutic index: for example, for imipramine
and amitriptyline there is a factor of about 5-7
difference between therapeutic and toxic drug levels;

e efficacy can be increased: for imipramine, it appears
that the numbers needed to treat to obtain one
patient with > 50 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 30-60 mg duloxetine daily, increasing to a
maximum dose of 120 mg. 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.'

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 60 mg 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.



Chapter 12 Antiepileptics, antidepressants, and local anesthetic drugs 1 139

e 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.
e Selective uptake inhibitors:
— SSRIs:
® nausea, vomiting;
® nervousness, anxiety, insomnia;
e sexual dysfunction (delayed ejaculation,
impotence).
— SSNRIs:
o headache;
® nausea, vomiting;
® sweating;
e sedation, mental change;
e 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:'> '*

e lidocaine: dosing is by intravenous infusion, as oral
dosing is not possible because of the high first-pass
metabolism;

e 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;lo’ 15,16, 17

e topical, high concentrations of lidocaine in a patch
or in a gel.''* %

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:"

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

e Systemic lidocaine:
— any cardiac arrhythmias, especially AV blocks;
— allergy to this drug class.

e Mexiletine:
— any cardiac arrhythmias, especially AV blocks;
— allergy to this drug class.

Dosing and treatment schedule

Lidocaine is infused intravenously as 5 mg/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 pg/mL."* 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 50 mg three times daily
for three days, then 100 mg three times daily for three
days, and thereafter 150-300mg three times daily
(approximately 10 mg/kg body weight). Preferably dosing
should be with meals.

Side effects

Acute side effects are common during intravenous lido-
caine infusions at therapeutic doses:

e dizziness, sedation, confusion;

e 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:

e dizziness, lightheadedness, nausea, vomiting;

e fatigue, nervousness, tremor, unsteady gait, blurred
vision;

e confusion, constipation or diarrhea, headache,
paresthesias, slurred speech;

e 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.

e 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.” > 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.
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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.” >® 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.”” Indeed, people who
have such states spontaneously are more likely to be
highly hypnotizable on formal testing.® 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,” '* 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.'!

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.

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.'>'® 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,'® 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,”” 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, Beecher'® 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.'” 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.'®'>>*° 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.”"” ?* 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.”’

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.”* 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,”> 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.*® It has
been known since the middle of the 1800s that hypnosis is
effective in controlling even severe surgical pain.”” 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.”® >’ 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.’® 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.’"** 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.”” A
standardized 15-minute script before surgery for breast

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.

cancer resulted in substantial reduction in pain, medica-
tion use, procedure time, and cost.>®?> Modern virtual
reality techniques have also been shown to enhance
hypnotic analgesia.’® 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.”® 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.””>® 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 effective’® and has no
side effects.*’

Although not all patients are sufficiently hypnotizable
to benefit from these techniques, two out of three adults
are at least somewhat hypnotizable,* and it has been
estimated that hypnotic capacity is correlated at a 0.5 level
with effectiveness in medical pain reduction.*’ Further-
more, clinically effective hypnotic analgesia is not con-
fined to those with high hypnotizability,”® and many
subjects who experience little analgesia still find hypnotic
techniques helpful for other reasons, such as relaxation.*?

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.>"*>* Hypnotic techni-
ques, including going over favorite stories, are quite
effective in removing the child from the immediacy of both
pain and anxiety.”> Hypnosis seems to have advantages
over distraction, especially among young children under-
going medical procedures.*’ This is likely because children
as a group are more hypnotizable than adults.** Their
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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.*” 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.*°

MECHANISMS OF HYPNOTIC ANALGESIA

Recent research indicates cortical effects of hypnotic
analgesia exercises, including reduced early receptor
potential (ERP) amplitude in response to somatosensory
stimuli®’ and increased frontal and parietal blood flow.*®
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.*” However, different
wording during hypnosis involving a suggestion of
reduced pain perception resulted in analgesia mediated by
reduced activity in somatosensory cortex.”® 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.”' 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,” studies with both
volunteers™ and patients in chronic pain® 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.”

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.”®>”>>® > 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.”> Such
techniques have proven quite effective with chronic
pain,®> " for example among older adults with back
pain,®” and have been shown to speed healing time for
patients with psoriasis.®’

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.®* 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.®>
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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 pain®” and muscle tension biofeedback
is useful for whiplash injuries.”® Such training is also
useful for headaches, especially among children and
adolescents.”” 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

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

e Biofeedback is a self-requlation 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.

e 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:'

...a 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
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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 Peek® and various chapters
within Andreassi,” Cacioppo et al,* and Stern et al.’
Various theories have been used to account for bio-
feedback, ranging from operant learning to cognitive and
expectancy models.®

APPROACHES TO BIOFEEDBACK

Three different rationales or approaches have been offered
for the use of biofeedback in pain management;”® 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.” '’
Activation of these brain structures has been implicated in

the anticipation of pain'' and the anxiety associated with
pain.'? 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 pain'® (see Andrasik and
Rime'® 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."* 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.?

Flor® 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:

e provide evidence for the role of psychological factors
in maladaptive physiological functioning;

e satisfy, thus, a necessary prerequisite or justification
for the use of biofeedback therapy;

e facilitate tailoring of treatments to patients;

e allow therapists and researchers to document efficacy,
generalization, and transfer of treatment;

e identify potential predictors of treatment response;

e 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 Flor® and Arena and
Schwartz, ' among others. A brief outline of the various
stages involved in carrying out a psychophysiological
assessment follows.
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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

Reactivity

Somatic

Simulate situations that occur in everyday life

Body position and posture; dynamic movement, such as standing, sitting, bending, lifting, walking, etc.;

work task, such as typing on a keyboard

Psychological
Stress recovery

Muscle scanning

Muscle discrimination

Estimation of muscle tension levels

Stressful imagery, such as a negative encounter with a colleague or family member
Time required to return to the baseline level

Brief sequential recordings from multiple bilateral sites under varied conditions

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."®
Research on this topic, however, is compounded by
questions about measurement reliability and stability.® !>

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:

e negative imagery, wherein a patient concentrates on a
personally relevant unpleasant situation (the details
of which have been obtained during the intake
interview);
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e cold exposure (e.g. Raynaud’s disease) or cold pressor
test (as a general physical stressor);

e 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 Flor®).

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.

e EMG resting values were markedly elevated and
asymmetrical;

50

e EMG values increased in response to imagery and
this was particularly so for the imagined pain
episodes;

e EMG values were markedly exacerbated by
movement;

e 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

Cram'” 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). Sella'® 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?

0 i i i i i i
Baseline  Neutral Stress  Pain Min 1 Min 9 Min1  Min9

imagery Calculating Movement



Chapter 14 Biofeedback 1 157

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.'”?° These findings
point to a heightened sensitivity.

Flor® has outlined a procedure that can be easily used to
assess muscle discrimination abilities in a clinical setting.

e Present the patient with a bar of varying height that
is displayed on a monitor.

e Instruct the patient to tense the targeted muscle to
the level reflected in the height of the bar.

e Vary the bar height from low to high.

e Correlate the EMG readings obtained with the actual
heights of the bars.

e Define as “good” discrimination abilities correlation
coefficients >0.80.

e Define as “bad” or poor discrimination abilities
correlation coefficients <0.50.

SUMMARY

Finally, Flor® 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.” 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

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.

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,”' 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 Flor®).

Electromyographic-assisted relaxation

The rationale for employing muscle tension (and skin
conductance) feedback to facilitate relaxation is
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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.”” 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,” 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 10,000 Hz. 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 100 Hz. 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.”** 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.”> 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.’
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.”® This led Sargent
et al.*® 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.”’

Some examples of coaching activities are provided
below.

e 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?”

e 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.

e Helping patients to articulate and consolidate
learning.

e 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.*® 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.

e Resting baseline: to assess extent of change over time,
as discussed previously.

e “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;' this provides an index of the ability to
perform the biofeedback skills outside the treatment
setting and when instrumented feedback is not
available.

e Actual feedback for 20—40 minutes that is continuous
or interrupted by breaks.

e Final resting or self-control baseline: to assess extent
of learning within the session.

e 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 Freedman®® 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:

e overlearning the target response;
e incorporating booster treatments;
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e fading or gradually removing feedback during
treatment (which we have previously described as
transfer trials);

e training under stimulating or stressful conditions
(during noise and distractions, while engaged in a
physical or mental task, etc.);

e employing multiple therapists (possible in group
practices);

e varying the physical setting;

e providing patients with portable biofeedback for use
in real-life situations;

e 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.”® *° 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
Schwartz’' 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:

e while holding their arms straight overhead (which
minimizes chest movement);

e while lying on a firm surface, placing a medium-
weight book on the abdomen and raising and
lowering the book with each respiration cycle;

e 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 Schwartz’' 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.”’”>*> 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.”®

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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Andrasik® 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.

e Relaxation training consists of systematic tensing and
relaxing of major muscle groups.

e Tensing muscles, even for a brief period, and then
releasing them results in the muscles reflexively
achieving a subsequent lower level of tension.

e 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.

e 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”).

e Achieving a deep state of relaxation is a learned skill
that requires regular practice.

e 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  No. of Deepening Breathing Relaxing Muscle Relaxation Cue-
treatment muscle exercises  exercises imagery discrimination by recall controlled
rationale groups training 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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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

. 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)

w

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,>® Arena and Blan-
chard,?® Lichstein,>* Smith,*> and select chapters from
Lehrer et al.*® 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

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
5. Shoulders focus on the eyes and
6. Back of neck forehead)

7. Eyes

8. Forehead

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.’ 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 training®® (see Schwartz et al.*® 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.



Chapter 14 Biofeedback 1 163

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 muscles” and for an interesting and creative
novel approach termed the “frontal-posterior neck
placement.”

Nevins and Schwartz*® 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 Lawrence*' 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.'” 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 Lawrence** 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.*> ***°

Work undertaken by Sherman*® 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 Blanchard®®) 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 DeLuca®’
and Lippold.*®

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. Sella'®** 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 Cram'” and Sella.'®

Finally, some researchers have turned their attention to
the psychophysiological model of Travell and Simons,”
who postulated that a large percentage of chronic muscle
pain results from trigger points. Hubbard®' has expanded
upon their view using the following line of reasoning.

e Muscle tension and pain are sympathetically
mediated hyperactivity of the muscle stretch
receptors, or the muscle spindles.

e Muscle spindles, which are scattered throughout the
muscle belly (hundreds within the trapezius muscle),
are encapsulated organs that contain their own
muscle fibers.

e 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.

e 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.”? Furthermore, when exposed to a stressful stimulus,
EMG activity increases at the trigger point, but not at the
adjacent site.”® 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.>* 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 Andrasik® 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
headache®” 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
Association®® 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).”

Consideration of the findings from the above evalua-
tive sources leads to the following conclusions.

e Biofeedback (and other relaxation or psychologically
based approaches) leads to significant
reductions in headache activity, ranging from 30 to
60 percent.

e 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.

e Improvements exceed those obtained for various
control conditions.

e Nonpharmacological treatments produce benefits
similar to those obtained for pharmacological
treatments.

e 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.

e 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 Consortium> 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.

e Response to pharmacological treatment is absent or
minimal.

e Patient is pregnant, has plans to become pregnant, or
is nursing.

e Patient has a long-standing history of frequent or
excessive use of analgesic or acute medications that
can aggravate headache.

e 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 analysis®
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

panels

61, 62

and a meta-analysis®®> 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.

® |n 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.

e 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
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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.' 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).> 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.’ 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.”* 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.”* 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.”° 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.° We have
most frequently measured acceptance of pain with the
Chronic Pain Acceptance Questionnaire.””

Disability
and
suffering
Loss of contact with Experiential
present reality avoidance
Values
failure

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,® > '° clinical
studies,”® ' > 17 and treatment outcome studies.'* > '°
Opverall, 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 pain'"'”" or a measure of
attention and vigilance to pain.’

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.'
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.*
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,*’
or a focus on automatic thoughts and schemas.”' 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.*” Other studies in

patients with anxiety and depression have questioned
whether changes in dysfunctional attitudes are primarily
responsible for benefits of CBT*> and whether methods
directed at change in automatic thoughts or core schemas
are necessary for positive treatment outcomes.** **

The model of cognition underlying CCBT is based
directly on the approach of acceptance and commitment
therapy (ACT).* 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.” 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?”* 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 therapy®® and motivational interview-
ing.”” 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 samples®® and in
chronic pain.”

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).** 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.*’

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.” 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,’® and
some that can include the use of an imagined scene.*

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 pain®"** and supportive conclu-
sions from meta-analyses of mindfulness-based treat-
ments for a range of conditions, including pain.>>>*
Further study is needed.

We recently completed a study of mindfulness in
patients with chronic pain.’®> In our study we adminis-
tered the Mindful Attention Awareness Scale (MAAS)>® 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.™

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;”*® and the role of social
influence in treatment.’

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 disability' or
perhaps as a buffer or stressor in the emotional experience
of chronic pain.’’ Recent analyses of solicitous and
punishing spouse responses suggest that the traditional
operant behavioral framework is probably incomplete.””
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.” * 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.”*” Many authorities agree, however, that
our sense of self arises in social situations and is there-
fore social in origin.*”*' 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.* 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”* 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.”>*

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,* relapse following treatment for depres-
sion,* marital distress,** polysubstance abuse and opiate
addiction,” psychotic symptoms,*® and work stress.*’
There are three trials related to chronic pain;'*'>'® 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."° 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.” 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.'> 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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Box 15.1 An example of a metaphor-based, experiential, treatment exercise used in CCBT

PERSPECTIVE AND FOCUS EXERCISE

Background

Exercise

The way we view things is often a matter of focus.

focus on.

Discuss

blurs or shrinks as awareness of pain increases?

center. Unpublished doctoral dissertation, University of Nevada, Reno.

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.

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? ... 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?
... Which kind of focus gives you a broader picture of the world, or enables you to see more of what's around
you? ... Which way would it work best if you needed to see where you are going? ... 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

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.

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

Modified from: Geiser DS (1992). A comparison of acceptance-focused and control-focused psychological treatments in a chronic pain treatment

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.'® 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,*® taking into account temporal stability of the
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Figure 15.2 Percent improvement relative to initial baseline in key outcomes at posttreatment and three-month follow-up after a

course of interdisciplinary CCBT for chronic pain (n=303).

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.'®
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.*” 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.””>' 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.

® |n 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,”' and, more recently, the cognitive—behavioral
model of fear of movement/(re)injury.”> 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.* Prospective stu-
dies in acute low back pain patients” and healthy people®
have provided support for the idea that pain-related fear
may be an important precursor of pain disability.
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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 ef al.” 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.” *°

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.'® For example, Crombez et al.'! 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.” '* Another study showed that
when a certain sensation is interpreted as damaging, it
will be perceived as more painful.'?

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.'* 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 severity'> and biomedical findings.’

The effects of pain-related fear on behavioral perfor-
mance also appear to generalize to restrictions in daily life
situations. Waddell et al'® 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."”

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:'® 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.'” 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.””?' Using structural
equation modeling of self-report data, Goubert et al.**
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.”” 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.** 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,” high affect, somatic awareness, and
high fear of (re)injury.”® It seems then that patients
who experience high fear of pain experience difficulties
disengage from pain.”’

DISCONFIRMATIONS OF HARM BELIEFS

What are the clinical implications of the above-men-
tioned findings? Philips* 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”* Experimental support for
this idea is provided by the match/mismatch model of
pain,”® 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.*® 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 /N VIVO EXPOSURE VERSUS GRADED
ACTIVITY

Graded in vivo exposure may appear to be quite similar to
the usual graded activity programs” >! 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,* 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-20>°) 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 (FABQ'®)
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.'”

FEAR OF MOVEMENT/(RE)INJURY

The Survey of Pain Attitudes (SOPA™*) 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 (TSK™) 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.> 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.” Moreover, the
TSK discriminated well between avoiders and confronters
during a behavioral performance task.”'> 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.*

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

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?

Injury

Disuse
Depression

/' Disability

Avoidance
Pain experience

Pain-related fear

.

Pain catastrophizing No fear

T

Negative affectivity
Threatening illness information

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.”” First,

Recovery

Confrontation

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 (PHODA®) 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-SeV*) 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 x 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 PHODA®® in establishing fear hierarchy.
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Table 16.1 Graded hierarchy of pain-related fear stimuli for Ms X.
Pretreatment (PHODA) item

hierarchy

100 Throwing a trash bag

90 Lifting a child from squat

80 -

70 Making up the bed

60 Mopping the floor

50 Carrying a shopping bag on both arms

40 -

30 Rolling over in bed

20 Walking up and down stairs

10 Hanging out something on the clothes line

Post-treatment PHODA score

Table 16.2 Graded hierarchy of pain-related fear stimuli for Ms Y.

Pretreatment (PHODA) item Post-treatment PHODA score
hierarchy

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

therefore a good idea to expose patients to physical EDUCATION

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 “... until pain,
weakness, fatigue or any other reason causes you to wish
to stop”, quoted in Fordyce*® (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.

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
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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.*'

EXPOSURE IN VIVO

Exposure

Current treatments of excessive fears and anxiety are
based on the experimental psychological work of Wolpe,**
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.*’ 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 ... then ...” 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. Rachman®® 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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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] | don't think | 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, | won't be able to stand, and | 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: | 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?

rate the chances of your becoming paralyzed?
Patient: Well, | would say a 40, but there was no crack.

Patient: Oh yes, definitely.
Therapist: How could we induce such a crack.

Therapist: Shall we make this one a bit heavier?
Patient: [Laughs nervously] OK then.

Therapist: Did you feel a crack?

situation much more dangerous.

Patient: | think so, yes.

Patient: OK, | 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

Therapist: Would the situation be different if you had felt a crack?

Patient: When | was still working, | usually carried heavier weights than the one | just lifted.

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.]

Patient: Not really, but, you know, suppose | should turn to this side [left] while lifting - that would make the
Therapist: OK, is that worrying you more than lifting objects?

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.

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
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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.*? Crombez et al.** 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.*” 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 im 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.*>*” 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
score >40), 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

Figure 16.3 Daily measures of fear of pain
severity: (a) visual analog scale; and movement/
(re)injury (b) for subject Z across baseline and
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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.*® 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.*”*° 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.”"” >

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.'® (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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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.”>* 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,™ 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,”® burn pain,57 knee injury,58 whi-
plash,>® and neuropathic pain.® 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.

e There is little evidence that any particular type of
stimulation is superior to any other.

e Care should be taken in patients with pacemakers.

e 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 2750scC
shows a Nile catfish (electric catfish) known as the
“releaser of many” or the “shaker” About 400sc, Hip-
pocrates used electric fish to treat headache and arthritis,
and in 468c 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.'

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
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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 pain® 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,” and to inhibit the
prolonged after-discharge in the tegmentum and medulla
that normally follows electrical tetanic stimulation of a
peripheral nerve.* This confirmed clinically the spinal
gate control theory of Melzack and Wall.”> Confirmation
of this effect with brief, intense transcutaneous electrical
stimulation at trigger points or acupuncture points on
severe clinical pain was published in 1975.° 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 (AP) 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
y-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.

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.”

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.?

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.

e 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.

e Application to the front of the neck should never be
performed, as the laryngeal muscles and carotid sinus
may be stimulated.

e 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.” '’ 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."

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."?

EQUIPMENT

e TENS stimulator.

e Electrode leads.

e 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:

e combined on/off and amplitude (intensity) control;

e frequency control (from around 2 to >100Hz or
even to 250 Hz);

e 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;

e width control (varying the width of the electrical
pulse, usually between 40 and 500 pis);

e 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."

Electrode position

The electrodes are used in pairs. To avoid short-circuiting
between them, they should never be positioned with less
than 1cm 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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Unilateral

Shoulder pain neck pain

Trigeminal neuralgia
Postherpetic neuralgia
Postherpetic neuralgia

Median nerve

Knee pain<{)

Peripheral vascular /
disease (over femoral
or popliteal artery)

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
(40-150 Hz); low intensity (10-30 mA).

2. Pulsed (burst); low frequency (bursts of 100 Hz at
1-2 Hz); low intensity (10-30 mA).

3. Acupuncture-like (Acu-TENS); low frequency
(bursts of 100 Hz at 1-2 Hz); high intensity
(15-50 mA).

Bilateral
neck pain

Postherpetic
neuralgia

Low back

pain
Sciatica
Figure 17.1  Useful transcutaneous electrical
nerve stimulation electrode application points.
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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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.'*

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."”
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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:'®

e 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;
e 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.'”
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.'® 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."” 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.?’

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.”' Again, non-
blinded studies have suggested that acupuncture-like
TENS is more effective in neurogenic pain.”* However,
there was no significant difference in efficacy between
continuous 100 Hz, pulsed 100 Hz, continuous 10 Hz, or
pulsed 10 Hz 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).> 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.”*

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.> In

Table 17.1 The different qualities of conventional TENS and
acupuncture/acupuncture-like TENS.

TENS Acupuncture
Frequency 40-100 Hz 1-4Hz
Intensity Low High
Sensations Tingling, vibration ~ Teh Chi, close to pain,
beating
Induction time  Short Long
Pain threshold Transient Long lasting
effect
Distribution Segmental Segmental and

nonsegmental

TENS, transcutaneous electrical nerve stimulation.
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Figure 17.3 Total percentage of patients achieving 50 percent
reduction in visual analog scale for pain over time.

one study, they preferred modulated stimulation modes,
such as frequency modulation and burst, rather than
conventional constant mode.”®?” 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."*

Acute pain

In a systematic review of TENS for acute postoperative
pain,”® 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,”” and TENS has been
shown to reduce the need to administer opioids, with
improved respiratory function, during the five days fol-
lowing thoracotomy.”® Applied after shoulder surgery,
TENS reduced analgesic consumption in the first 72
hours.”® 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.*

Neither indometacin nor TENS reduced the post-
operative opiate requirement after cholecystectomy.’
However, TENS has been shown to significantly reduce the
pain of lancet-induced trauma to the fingertip.’* In a
further study, 78 percent of children preferred electrodental
anesthesia to local anesthesia for dentistry.”> 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.”® 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.””*® Renal
colic also responds to 100-Hz TENS.”

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.*’

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.*' Pulse
frequencies between 1 and 70Hz were utilized by 75
percent of patients, and 44 percent of patients benefited
from burst mode stimulation.'?

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.”” None of the randomized trials used TENS
for an equivalent duration to that of either Johnson
et al.*' or Nash et al.,”> 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 Moore*>** 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.*> ** *> 464748 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.*’ Both TENS and
exercise have been shown to improve neck pain after six
weeks.””

TENS also appears to be effective in reducing spinal
spasticity, as measured clinically.”' 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,”> and has been
recommended as a supplement to medical treatment in
the management of spasticity.” Shoulder pain after stroke
may not be influenced by TENS, but it does benefit
passive humeral rotation.”* Electrical stimulation has
been shown to be similar to the Milwaukee brace in
managing idiopathic scoliosis.”

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.”®

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.”” There is also decreased lower esophageal sphincter
pressure in patients with achalasia,”® and somatic sti-
mulation can reduce the perception of gut distension
without interfering with local and reflex gut responses.”

TENS significantly increases uterine contractions when
applied to postterm pregnant women.** 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.’" %> >

TENS may also have a role in the treatment of detrusor
instability and urinary urgency.®” ¢ ¢’

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.®® %
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.”

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.”'
There is also evidence that it can improve tissue perfusion
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and ulcer healing in peripheral vascular disease’>”> and

leprosy.”* 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.” Stimulation of 4 Hz had a significantly
greater hypoalgesic effect on experimentally induced
ischemic pain,’® 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.”” 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.”®

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.”# TENS can also be useful in thrombophlebitis.®'

Evidence in brief for TENS

Evidence for the use of TENS can be summarized as
follows:

e reduction of opiate requirement for acute pain (with
reduction in opiate side effects);

e 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.®* 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.®’
TENS has, however, been shown not to be effective in
labor pain.
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KEY LEARNING POINTS

e "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 Il afferent nerve
fibers in muscle and other deep somatic tissues.

® FElectroacupuncture 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 35008c). Whilst the Chinese
are reputed to have evidence of the use of acupuncture
from bone etchings dating back to 1600sc, the recent
discovery of Otzi, the Tyrolean iceman, dates the use of a
therapeutic needling technique in Europe to 32005c." 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
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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,” 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.” 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 Cummings® 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,” 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,””® and segmental
acupuncture.

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.” 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.'” 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,'" '* though not significantly different from
each other.

Nonpenetrating “placebo” needles have been devel-
oped'”'* and whilst these are useful, they are also
demonstrably superior to placebo pills.'?

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.'®

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.'”
These conclusions are supported by all the high quality
trials in the review, 18 1920:21,22,23,24,25,26

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,?”?® chronic
low back pain,*”*° and chronic mechanical neck pain.’’
Acupuncture appears to be as effective as conventional
medicine in chronic headache,’®?> but there are still
questions over its efficacy beyond placebo.** **

Large pragmatic trials from Germany confirm clini-
cally relevant effects and acceptable cost utility in
osteoarthrosis,”> >® chronic low back pain,37 chronic
headache,”>® and chronic neck pain.** *

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.*"** In particular, sti-
mulation of Ad or type III afferent nerve fibers has been
implicated as the key component in producing analge-
sia.*> 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.** * Tt is likely that the release of CGRP
and VIP from peripheral nerves stimulated by needling
results in enhanced circulation and wound healing in
rats,*®*” and equivalent sensory stimulation has proved
effective in human patients.*®

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). Bowsher"® reviews the basic science litera-
ture that supports this mechanism, and White™® 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,”"°* local autonomic activity,> and itch.>* AS 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.”>>* >

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.*® 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,*”
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,””® 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.”® %
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,®”®* 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).®>**

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 Peuker® 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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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).

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
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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).

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.®® White®”
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.®’
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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,*”>* "
2533433 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
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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;

LI11

TES
Lu7
L4

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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Name

Yintang

Taiyang

LI20

GB20

GB21

GV14

LI15

SI1

LInm

TE5

PCé

Acupuncture point locations.

Location of point

Angulation of needling Target structure for needle
Indications

Midpoint between the eyebrows

Angulation: oblique inferior Target: procerus or periosteum
Headache, hayfever, relaxation

1 cun posterior to the midpoint between the lateral end of the eyebrow and the lateral canthus of the eye
Angulation: perpendicular Target: temporalis

Headache, eye symptoms

In the nasolabial groove, level with the widest part of the ala nasi

Angulation: superiorly along groove Target: facial muscles
Hayfever, nasal symptoms

Below the occipital bone, in the depression between trapezius and sternomastoid and above splenius capitis
Angulation: towards opposite eyebrow Target: semispinalis capitis
Headache, neck pain and stiffness

CAUTION - note the position of the vertebral artery

Midway between GV14 and tip of the acromion at the highest point of trapezius

Angulation: tangential to ribs, posteriorly Target: upper trapezius
Headache, neck pain and stiffness, anxiety

CAUTION - note the proximity of the pleura between the 1st and 2nd ribs

Between spinous processes C7 and T1

Angulation: transverse Target: interspinous ligament
Spinal neck pain, headache of cervical origin

Anterolateral and inferior to the anterior tip of the acromion, in the groove between the anterior and middle fibers of deltoid

Angulation: perpendicular Target: supraspinatus insertion
Shoulder and arm pain

1/3 down a line from the midpoint of the scapular spine to the inferior angle of the scapula

Angulation: perpendicular Target: infraspinatus

Shoulder and arm pain

At the radial end of the antecubital crease, halfway between the biceps tendon and the lateral epicondyle
Angulation: perpendicular Target: ECRL

Lateral epicondylalgia, forearm pain; immunomodulation

On the dorsal surface of forearm, 2 cun proximal to wrist joint, between radius and ulna, and between extensor indicis and extensor pollicis longus

Angulation: perpendicular Target: connective tissue plane
Local pain; strong point for central effects
2 cun proximal to the distal wrist crease, between the tendons of flexor carpi radialis and palmaris longus

Angulation: oblique proximal Target: flexor digitorum superficialis

Nausea, carpal tunnel syndrome
CAUTION - note the position of the median nerve

Dermatome

Myotome
Sclerotome

D Vi

M VI
SVi

D Vii

M Viii

S Vii

D Vii

M VI

S Vii

D C2/C3
M C1/C2
S C1/C2

DC3
M C3/C4
S nfa

D C4/C5/T1
M C8

S C8

D C4

M C5

S C5

D C4/T1/T2
M C5/C6
S C5/C6

D C5/C6
M C5/Cé
S C6/C7

D C6/C7/C8
M C7/C8
S C7/c8

D Ce/C8/T1
M C7/C8
S n/a

(Continued over)
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Name

LU7

HT7

Li4

SI3

cv17

CV12

Cv4

ST25

GV3

GV4

Acupuncture point locations (continued).

Location of point

Angulation of needling Target structure for needle
Indications

On the radial aspect of the radial styloid, 1.5 cun from the wrist crease, between the tendons of abductor pollicis longus and brachioradialis

Angulation: proximal oblique Target: connective tissue space
Wrist and forearm pain

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

Angulation: perpendicular Target: close to the ulnar nerve
Classically used for anxiety and sedation

CAUTION - the ulna artery and nerve are very close to this point

On the dorsal aspect of the hand, in the middle of the 1st web space, halfway along the second metacarpal bone
Angulation: perpendicular Target: 1st dorsal interosseous

General point for pain; strong point for central effects

CAUTION - the radial artery is at the apex of the 1st web space

On the palmar aspect of the neck of the 5th metacarpal, in the tissue plane between the metacarpal neck and the hypothenar muscles
Angulation: perpendicular Target: connective tissue plane

Hand pain; also used for pain elsewhere especially spinal pain

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
Chest pain; respiratory conditions

CAUTION - a sternal foramen occurs at this point in 10% of men and 4% of women; never needle perpendicularly
On the midline of the upper abdomen, midway between the umbilicus and the lower border of the body of the sternum
Angulation: perpendicular Target: linea alba

Upper gastrointestinal disorders, including nausea and vomiting

CAUTION - avoid needling through the abdominal wall

On the midline of the lower abdomen, 3 cun inferior to the umbilicus, and 2 cun superior to the pubic symphysis
Angulation: perpendicular Target: linea alba

Lower gastrointestinal, urological, and gynecological symptoms

CAUTION - avoid needling through the abdominal wall

2 cun lateral to the umbilicus, halfway between the umbilicus and the linea semilunaris (SP15)

Angulation: perpendicular or medial oblique Target: rectus abdominis

Abdominal pain; gastroenterological symptoms

CAUTION - avoid needling through the abdominal wall

Between spinous processes L4 and L5

Angulation: transverse Target: interspinous ligament
Spinal pain

Between spinous processes L2 and L3

Angulation: transverse Target: interspinous ligament
Spinal pain

Dermatome

Myotome
Sclerotome

D Ce

M C7/C8
S Cé

D C8/T1
M C8

S C8

D Ce/C7
MT1
S n/a

D C8
M T1
S C8
DT5
M C8/T1 or T5
ST5

D T8
M T8
Sn/a

D T11/T12
M T11/T12
S n/a

D T10
M T10
S n/a

D T1/T2
M L4
S L4
D T9/T10
M L2
S L2

(Continued over)



BL23

BL25

BL28

GB30

GB34

ST36

SP10

SP9

SP6

BL54/40

BL60

KI3

LR3

1.5 cun lateral to the midline, level with the lower border of L2

Angulation: oblique towards spine Target: erector spinae

Back pain

1.5 cun lateral to the midline, level with the lower border of L4

Angulation: oblique towards spine Target: erector spinae

Back pain

Level with the S2 posterior foramen, or the lower aspect of the posterior superior iliac spine

Angulation: perpendicular Target: erector spinae or multifidus
Back pain

1/3 of the way from the highest point of the greater trochanter to the sacral hiatus

Angulation: towards symphysis Target: tensor fascia lata

Hip girdle pain, back pain, leg pain, sciatica

CAUTION - avoid direct needling of the sciatic nerve

In the depression just anterior and inferior to the head of the fibular

Angulation: perpendicular Target: peroneus longus

Leg pain; general point for musculoskeletal pain

CAUTION - avoid needling the common fibular nerve

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
Angulation: perpendicular Target: tibialis anterior

Knee pain, abdominal problems, strong point for central effects

2 cun proximal to the superiomedial border of the patella, in the center of vastus medialis

Angulation: perpendicular Target: vastus medialis

Knee pain (vastus medialis)

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
Angulation: perpendicular Target: connective tissue space

Knee pain, gynecological and urological problems

3 cun superior to the most prominent part of the medial malleolus, on the medial border of the tibia

Angulation: perpendicular Target: flexor digitorum longus

Gynecological problems; strong point for central effects

On the popliteal crease midway between the tendons of biceps femoris and semitendinosus, in the connective tissue space between the heads of gastrocnemius
Angulation: perpendicular Target: connective tissue space

Local pain, sciatica

CAUTION - note the popliteal artery and tibial nerve are deep to this point

In the depression midway between the lateral malleolus and the Achilles tendon

Angulation: perpendicular Target: connective tissue

Leg pain, Achilles tendon pain

At the level of the most prominent part of the medial malleolus, half way between it and the Achilles tendon

Angulation: perpendicular toward BL60 Target: connective tissue space

Ankle problems; urogenital problems; strong point for central effects

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
Angulation: perpendicular Target: 1st dorsal interosseous

Local pain; headache; abdominal problems; strong point for central effects

CAUTION - the dorsalis pedis artery is at the apex of the 1st metatarsal space

D T10/T11
M T12/L1/L2
S L2

D T11/T12
M L2/L3/L4
S L4

D S1/S2

M L5

S S2

D L2/L3

M L5/S1/S2
S L4/L5/S1

D L5
M L5/S1
S L5

D L4/L5

M L4/L5

S L4/L5

D L3

M L2/L3/L4
S L3

D L3

M L2/L3/L4
S L3

D L4/S1/S2
M S1/S2

S L4/L5

D S1/S2

M S1/S2

S n/a

D L5/S1

M L5/S1
S S1/S2
D L4/S2
M S2

S nfa

D L4/L5

M S2/S3
S L5/S1

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.
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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 Baldry®® describes a superficial needling
technique exclusively over trigger points. Periosteal
needling was first described by Mann,®® ”° 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,”"”* 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.”” There is probably a stepwise
increase in potency of sensory stimulation down the
following list:

e superficial, heterosegmental needling with minimal
sensation;

e superficial, segmental needling with minimal
sensation;

e deep, heterosegmental needling with strong sensation;

e deep, segmental needling with strong sensation;

e 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 Otzi in 32008c. 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.

REFERENCES

1. Dorfer L, Moser M, Bahr F et al. A medical report from the
stone age? Lancet. 1999; 354: 1023-5.

2. Melzack R, Stillwell DM, Fox EJ. Trigger points and
acupuncture points for pain: correlations and implications.
Pain. 1977; 3: 3-23.

3. Veith I. The Yellow Emperor’'s classic of internal medicine.
Berkeley: University of California Press, 1972.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Filshie J, Cummings TM. Western medical acupuncture. In:
Ernst E, White A (eds). Acupuncture - a scientific
appraisal. Oxford: Butterworth Heinemann, 1999: 31-59.
Han JS, Terenius L. Neurochemical basis of acupuncture
analgesia. Annual Review of Pharmacology and
Toxicology. 1982; 22: 193-220.

Cummings M. Myofascial pain syndromes. In: Hazelman B,
Riley G, Speed C (eds). Soft tissue rheumatology. Oxford:
Oxford University Press, 2004: 509-22.

Cummings M. Acupuncture and trigger point needling. In:
Hazelman B, Riley G, Speed C (eds). Soft tissue
rheumatology. Oxford: Oxford University Press, 2004:
275-82.

Cummings M, Baldry P. Regional myofascial pain:
diagnosis and management. Best Practice and Research.
Clinical Rheumatology. 2007; 21: 367-87.

White AR, Filshie J, Cummings TM. Clinical trials of
acupuncture: consensus recommendations for optimal
treatment, sham controls and blinding. Complementary
Therapies in Medicine. 2001; 9: 237-45.

Lund I, Lundeberg T. Are minimal, superficial or sham
acupuncture procedures acceptable as inert placebo
controls? Acupuncture in Medicine. 2006; 24: 13-15.
Haake M, Muller HH, Schade-Brittinger C et al. German
Acupuncture Trials (GERAC) for chronic low back pain:
randomized, multicenter, blinded, parallel-group trial with
3 groups. Archives of Internal Medicine. 2007; 167:
1892-8.

Scharf HP, Mansmann U, Streitberger K et al. Acupuncture
and knee osteoarthritis: a three-armed randomized trial.
Annals of Internal Medicine. 2006; 145: 12-20.
Streitberger K, Kleinhenz J. Introducing a placebo needle
into acupuncture research. Lancet. 1998; 352: 364-5.
Kleinhenz J, Streitberger K, Windeler J et al. Randomised
clinical trial comparing the effects of acupuncture and a
newly designed placebo needle in rotator cuff tendinitis.
Pain. 1999; 83: 235-41.

Kaptchuk TJ, Stason WB, Davis RB et al. Sham device v
inert pill: randomised controlled trial of two placebo
treatments. British Medical Journal. 2006; 332: 391-7.
Takakura N, Yajima H. A double-blind placebo needle for
acupuncture research. BMC Complementary and
Alternative Medicine. 2007; 7: 31.

Cummings TM, White AR. Needling therapies in the
management of myofascial trigger point pain: a
systematic review. Archives of Physical Medicine and
Rehabilitation. 2001; 82: 986-92.

Mendelson G, Selwood TS, Kranz H et al. Acupuncture
treatment of chronic back pain. A double-blind placebo-
controlled trial. American Journal of Medicine. 1983; 74:
49-55.

Kuang X, Su Y, Guo H. [Study on combined acupunctural
and general anesthesia in pneumonectomy]. Chung Kuo
Chung Hsi | Chieh Ho Tsa Chih. 1996; 16: 84-6.

Lao L. Acupuncture techniques and devices. Journal of
Alternative and Complementary Medicine. 1996; 2:
23-5.



218 1 PART Il THERAPEUTIC PROTOCOLS

21.

22.

23.

24,

25.

26.

27.

29.

30.

31.

32.

33.

34.

35.

36.

Vilholm 0J, Moller K, Jorgensen K. Effect of traditional
Chinese acupuncture on severe tinnitus: a double- blind,
placebo-controlled, clinical investigation with open
therapeutic control. British Journal of Audiology. 1998;
32: 197-204.

Cooper RA, Henderson T, Dietrich CL. Roles of
nonphysician clinicians as autonomous providers of
patient care. Journal of the American Medical Association.
1998; 280: 795-802.

McMillan AS, Nolan A, Kelly PJ. The efficacy of dry
needling and procaine in the treatment of myofascial pain
in the jaw muscles. Journal of Orofacial Pain. 1997; 11:
307-14.

Tfelt-Hansen P, Lous |, Olesen J. Prevalence and
significance of muscle tenderness during common
migraine attacks. Headache. 1981; 21: 49-54.

Tschopp KP, Gysin C. Local injection therapy in 107
patients with myofascial pain syndrome of the head and
neck. ORL; Journal for Oto-rhino-laryngology and its
Related Specialties. 1996; 58: 306-10.

Wheeler AH, Goolkasian P, Gretz SS. A randomized, double-
blind, prospective pilot study of botulinum toxin injection
for refractory, unilateral, cervicothoracic, paraspinal,
myofascial pain syndrome. Spine. 1998; 23: 1662-6.
Manheimer E, Linde K, Lao L et al. Meta-analysis:
acupuncture for osteoarthritis of the knee. Annals of
Internal Medicine. 2007; 146: 868-77.

White A, Foster NE, Cummings M, Barlas P. Acupuncture
treatment for chronic knee pain: a systematic review.
Rheumatology (Oxford). 2007; 46: 384-90.

Furlan AD, van Tulder MW, Cherkin DC et al. Acupuncture
and dry-needling for low back pain. Cochrane Database of
Systematic Reviews. 2005; CDO01351.

Manheimer E, White A, Berman B et al. Meta-analysis:
acupuncture for low back pain. Annals of Internal
Medicine. 2005; 142: 651-63.

Trinh KV, Graham N, Gross AR et al. Acupuncture for neck
disorders. Cochrane Database of Systematic Reviews.
2006; CD004870.

Diener HC, Kronfeld K, Boewing G et al. Efficacy of
acupuncture for the prophylaxis of migraine: a multicentre
randomised controlled clinical trial. Lancet Neurology.
2006; 5: 310-16.

Melchart D, Linde K, Fischer P et al. Acupuncture for
idiopathic headache. Cochrane Database of Systematic
Reviews. 2001; CD001218.

Linde K, Streng A, Jurgens S et al. Acupuncture for
patients with migraine: a randomized controlled trial.
Journal of the American Medical Association. 2005; 293:
2118-25.

Witt CM, Jena S, Brinkhaus B et al. Acupuncture in
patients with osteoarthritis of the knee or hip: a
randomized, controlled trial with an additional
nonrandomized arm. Arthritis and Rheumatism. 2006; 54:
3485-93.

Witt C, Selim D, Reinhold T et al. Cost-effectiveness of
acupuncture in patients with headache, low back pain and

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

osteoarthritis of the hip and the knee. FACT. 2005; 10:
57-8.

Witt CM, Jena S, Selim D et al. Pragmatic randomized trial
evaluating the clinical and economic effectiveness of
acupuncture for chronic low back pain. American Journal
of Epidemiology. 2006; 164: 487-96.

Jena S, Becker-Witt C, Brinkhaus B et al. Effectiveness of
acupuncture treatment for headache - the Acupuncture
in Routine Care study (ARC-Headache). FACT. 2004; 9: 17.
Willich SN, Reinhold T, Selim D et al. Cost-effectiveness of
acupuncture treatment in patients with chronic neck pain.
Pain. 2006; 125: 107-13.

Witt CM, Jena S, Brinkhaus B et al. Acupuncture for
patients with chronic neck pain. Pain. 2006; 125: 98-106.
Chiang CY, Chang CT, Chu HL, Yang LF. Peripheral afferent
pathway for acupuncture analgesia. Scientia Sinica. 1973;
16: 210-7.

Dundee JW, Ghaly G. Local anesthesia blocks the
antiemetic action of P6 acupuncture. Clinical
Pharmacology and Therapeutics. 1991; 50: 78-80.
Chung JM, Fang ZR, Hori Y et al. Prolonged inhibition of
primate spinothalamic tract cells by peripheral nerve
stimulation. Pain. 1984; 19: 259-75.

Dawidson |, Angmar-Mansson B, Blom M et al. The
influence of sensory stimulation (acupuncture) on the
release of neuropeptides in the saliva of healthy subjects.
Life Sciences. 1998; 63: 659-74.

Dawidson |, Angmar-Mansson B, Blom M et al. Sensory
stimulation (acupuncture) increases the release of
vasoactive intestinal polypeptide in the saliva of
xerostomia sufferers. Neuropeptides. 1998; 32: 543-8.
Jansen G, Lundeberg T, Kjartansson J, Samuelson UE.
Acupuncture and sensory neuropeptides increase
cutaneous blood flow in rats. Neuroscience Letters. 1989;
97: 305-9.

Jansen G, Lundeberg T, Samuelson UE, Thomas M.
Increased survival of ischaemic musculocutaneous flaps in
rats after acupuncture. Acta Physiologica Scandinavica.
1989; 135: 555-8.

Lundeberg T, Kjartansson J, Samuelsson U. Effect of
electrical nerve stimulation on healing of ischaemic skin
flaps. Lancet. 1988; 2: 712-4.

Bowsher D. Mechanisms of acupuncture. In: Filshie J,
White A (eds). Medical acupuncture - a western scientific
approach, 1st edn. Edinburgh: Churchill Livingstone, 1998:
69-82.

White A. Neurophysiology of acupuncture analgesia. In:
Ernst E, White A (eds). Acupuncture - a scientific
appraisal. Oxford: Butterworth Heinemann, 1999:

60-92.

Chapman CR, Chen AC, Bonica JJ. Effects of
intrasegmental electrical acupuncture on dental pain:
evaluation by threshold estimation and sensory decision
theory. Pain. 1977; 3: 213-27.

Lundeberg T, Eriksson S, Lundeberg S, Thomas M.
Acupuncture and sensory thresholds. American Journal of
Chinese medicine. 1989; 17: 99-110.



Chapter 18 Acupuncture 1219

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Sato A, Sato Y, Suzuki A, Uchida S. Neural mechanisms of
the reflex inhibition and excitation of gastric motility
elicited by acupuncture-like stimulation in anesthetized
rats. Neuroscience Research. 1993; 18: 53-62.
Lundeberg T, Bondesson L, Thomas M. Effect of
acupuncture on experimentally induced itch. British
Journal of Dermatology. 1987; 117: 771-7.

Ceccherelli F, Gagliardi G, Visentin R, Giron G. Effects of
deep vs. superficial stimulation of acupuncture on
capsaicin-induced edema. A blind controlled study in rats.
Acupuncture and Electro-therapeutics Research. 1998;
23: 125-34.

Le Bars D, Dickenson AH, Besson JM. Diffuse noxious
inhibitory controls (DNIC). I-Effects on dorsal horn
convergent neurones in the rat; ll-Lack of effect on non-
convergent neurones, supraspinal involvement and
theoretical implications. Pain. 1979; 6: 305-27.

Lee A, Done ML. The use of nonpharmacologic techniques
to prevent postoperative nausea and vomiting: a meta-
analysis. Anesthesia and Analgesia. 1999; 88: 1362-9.
Vickers AJ. Can acupuncture have specific effects on
health? A systematic review of acupuncture antiemesis
trials. Journal of the Royal Society of Medicine. 1996; 89:
303-11.

Han JS. Acupuncture and endorphins. Neuroscience
Letters. 2004; 361: 258-61.

Han JS. Acupuncture: neuropeptide release produced by
electrical stimulation of different frequencies. Trends in
Neurosciences. 2003; 26: 17-22.

Hui KK, Liu J, Makris N et al. Acupuncture modulates the
limbic system and subcortical gray structures of the
human brain: evidence from fMRI studies in normal
subjects. Human Brain Mapping. 2000; 9: 13-25.

Hui KK, Liu J, Marina O et al. The integrated response of
the human cerebro-cerebellar and limbic systems to
acupuncture stimulation at ST 36 as evidenced by fMRI.
Neuroimage. 2005; 27: 479-96.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Benedetti F, Arduino C, Amanzio M. Somatotopic
activation of opioid systems by target-directed
expectations of analgesia. Journal of Neuroscience. 1999;
19: 3639-48.

Benedetti F, Mayberg HS, Wager TD et al. Neurobiological
mechanisms of the placebo effect. Journal of
Neuroscience. 2005; 25: 10390-402.

Rampes H, Peuker E. Adverse effects of acupuncture. In:
Ernst E, White A (eds). Acupuncture - a scientific
appraisal. Oxford: Butterworth Heinemann, 1999: 128-52.
Peuker ET, White AR, Ernst E et al. Traumatic complications
of acupuncture, therapists need to know human anatomy.
Archives of Family Medicine. 1999; 8: 553-8.

White A. A cumulative review of the range and incidence
of significant adverse events associated with acupuncture.
Acupuncture in Medicine. 2004; 22: 122-33.

Baldry PE. Acupuncture, trigger points and
musculoskeletal pain, 3rd edn. Edinburgh: Churchill
Livingstone, 2005.

Mann F. A new system of acupuncture. In: Filshie J, White
A (eds). Medical acupuncture - a western scientific
approach, 1st edn. Edinburgh: Churchill Livingstone, 1998:
61-6.

Mann F. Reinventing acupuncture: a new concept of
ancient medicine, 2nd edn. Oxford: Butterworth
Heinemann, 2000.

Gunn CC. Treating myofascial pain, intramuscular
stimulation (IMS) for myofascial pain syndromes of
neuropathic origin. Seattle: University of Washington,
1989.

Gunn CC. Acupuncture and the peripheral nervous system.
In: Filshie J, White A (eds). Medical acupuncture - a
western scientific approach, 1st edn. Edinburgh: Churchill
Livingstone, 1998: 137-50.

Wan Y, Wilson SG, Han J, Mogil JS. The effect of genotype
on sensitivity to electroacupuncture analgesia. Pain. 2001;
91: 5-13.



Physiotherapy

HARRIET M WITTINK AND JEANINE A VERBUNT

Introduction 220
The patient's clinical, physical, and psychosocial

circumstance 221
Research evidence 223
Patient's preferences and likely actions 225

Clinical expertise 225
Achievement of patient goals 226
Follow up after treatment 226
Conclusions 226
References 226

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.

e 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."

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
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expertise is needed to bring these considerations together
and recommend a treatment that the patient is agreeable
to accepting.” 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 ICE, “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.” 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.* 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
Patient history
Questionnaires

Patient history
Questionnaires

Patient history
Questionnaires

Participation
Environmental factors

Personal factors
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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.” 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.” 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.” In an
experimental setting, it appears that patients in pain
especially have difficulties judging their own perfor-
mance.® 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.” '

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."' Murphy
et al.'? 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 Scale'>'* and the physical performance
test battery.'” 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.'>'* 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.'® 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.'” '®

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."
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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.”’

Personal factors

Yellow flags are risk factors associated with chronic pain
or disability?®*> 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.** 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.*” 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-
phobia®®) or catastrophizing.”’”

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””*° 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.’’ 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.”> >
** Others have reported that exercise is an important tool
for reducing pain, stiffness, and joint tenderness in
rheumatoid arthritis’»*® and fibromyalgia syndrome
patients.”” 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.”® Exercise may be helpful for
patients with CLBP, enhancing return to normal daily
activities and work.”” ** Supervised exercise therapy that
consists of individually designed programs, including
stretching or strengthening, may improve pain and
function in chronic nonspecific low back pain.*'

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.** 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.*’

Guzman** 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.,*> 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.*® 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.*” 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.*’ 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.*®

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.*?

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.*® 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.””>">*> % 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.>* 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).”
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.’® >’
For nonbehavioral therapists to incorporate CBT aspects
into their treatment delivery with only a brief training
program may not be realistic.’” 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.”® 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.”® 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.®® 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.®'

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.” 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.®> 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.°* In one study, patients who preferred one type of
treatment and received another actually got worse during
treatment.®> 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.*®

CLINICAL EXPERTISE

The physical therapist should have the following.

e 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.

e 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.*

e 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.

e Consistent virtues seen in caring and commitment to
patients as has been shown to be central to expert
physical therapy care.®’

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.®® 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.®® con-
cluded that some practitioners hold beliefs reflecting fear
avoidance that may influence treatment practice. Their
findings were recently studied by Coudeyre et al.,”® 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.”' A second method to objectify and
evaluate patient-specific treatment goals is the Canadian
Occupational Performance Measure (COPM),”” 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."?
** 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.>®’ 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.> ' !!

MANUAL MEDICINE DEFINED

Manual medicine techniques can be broadly categorized
into the following groups.

e 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.””
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¢ 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.'

e Massage techniques are usually applied to soft
tissues such as skin, ligaments, tendons,
and muscles, without causing movement or change
of joint position.'? 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.'>'* > '® 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 flags®'”).

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."?
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.®
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, > *©
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.

e Help to find out, or hypothesize about, what is
wrong in relation to the pain complaint.

e 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.

e Reveal a series of physical impairments and
functional restrictions that can be addressed in the
treatment and management process.

e 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.

e Reveal a great deal of information about the patients’
pain and its behavior and the extent of sensitivity
involved.

e 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:

e simple active movements, passive movement and
handling of limbs and joints through their available
ranges;

e resisted tests for muscle power and willingness to
move and tense against resistance;

e tests of joint play (accessory movement), palpation of
anatomy and structural deformity, palpation in order
to explore the regions of increased sensitivity;

e 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).'®"

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."”? This included the
findings shown in Table 20.1.

Intermittent
numbness

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 1+. 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),"® '” which was
painful and limited to 20° as compared to 60° 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

Figure 20.1 Body chart.
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Table 20.1  Findings from the yellow flag assessment.

Findings

A Attitudes and beliefs

B Behaviors

C  Compensation issues

D  Diagnosis and treatment

E  Emotions

F Family

W Work

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

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

Nil

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

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

His wife had been supportive throughout; however, his children did not understand why he
would not take them swimming or play sport

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

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.””?" >
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
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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.*” 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,””?* 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.® ** 2

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 Maitland® and Mulligan.*® 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.”’

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.”® Limitation of left leg movement/sciatic nerve
sensitivity were addressed using neural mobilizations,'® ¥
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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Figure 20.2 Active knee flexion and extension performed in
the base slump position.

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 APB-fibers synapsing at
second-order dorsal horn cells can have an inhibitory
effect on the nociceptive output of these cells.”®?’
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.** In these circumstances,
manual therapy may lead to the facilitation of nociception
and thus the exacerbation of pain.® 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.””
%39 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.””>* > ** Research indicates
that inhibitory descending pain-off pathways utilize the
neurotransmitters noradrenaline and serotonin (5HT),>”
* 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.*

Diffuse noxious inhibitory control

Historically, there are numerous recorded accounts of
pain being used as a treatment to relieve pain.> Con-
temporary manual medicine includes many massage,
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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.*® This inhi-
bition appears to be mediated by the enkephalin group of
endogenous opiates released at spinal and supraspinal
levels.”” 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
Zusman® and Jastreboff and Hazell.**

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.”>> 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.”*®>”?® 3% 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.>*® 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.” 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.*>** 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.>*

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.*> 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.** 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.*> 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.*®*7 849395152 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.*”*® %3052

However, there is an indication that they can provide
short-term pain relief for acute and chronic low back
pain.***" 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.*>*”*®>! [n 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,** 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.*”*”*® 3! 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.> 3> >*

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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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.
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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
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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.

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." 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

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.

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

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. 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 level’ and the outcome of a proce-
dure is concerning to patients, as well as the process of
undergoing the procedure itself.” > Patients may also be
concerned about the impact of a procedure on issues
other than their own health.*” 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.” 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.®”’
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Figure 22.1 (a) Patients’ worries before gynecological surgery: response to checklist of 25 preoperative thoughts. Compiled from data
presented by Johnston*; (b) Patients' worries before elective surgery. Compiled from data presented by Jawaid et al.®

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).2 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.” 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.’® A version of the
STALI 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 STAIL 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 checklist* 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 Scale'' has found that people who catastrophize
about pain before undergoing surgical procedures experi-
ence worse postoperative pain.'> !> 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.'* 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.'® 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."”?>?' 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.”* 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.”' 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).” 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.”* 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.* 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.” 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).”> 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).”> 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.

2.5
5 | Figure 22.2 Pooled-effect sizes (d), &95%
confidence intervals, of psychological preparation
1.5 1 interventions on health outcome measures.
3 1 Compiled from data presented by Johnston and
I { } P Vogele.?® Note: Effect-size d=the difference
é 051 { between the means of two groups, divided by the
% o S USRS OOPURRRPURIN ESUUORRE U pooled within-group standard deviation. A
positive effect size indicates benefit for the
081 intervention group compared with the control
-1 4 group. Individual study effect sizes were averaged
s ' ' ' ' ' ' to produce an estimate of the average population
Negative Pain Pain Lengthof Behavioral  Clinical Physiological ~ €ffect size for each outcome. Medium-effect size:
affect medication stay recovery recovery indices d=0.5; Iarge effect size: d=0.8.26

Table 22.1 Surgical outcomes improved by psychological preparation procedures.

Preparation type

Relaxation, e.g. breathing exercises

Information:

procedural, e.g. "...you will then receive a local anesthetic...";

sensory, e.g. "...you will stop being able to feel sensations in the

area of the anesthetic...”

Cognitive, e.g. reframing negative thoughts

Behavioral instruction, e.g. training in use of analgesic equipment

Outcomes improved by
procedure

Pain

Pain medication
Length of stay
Negative affect
Physiological indices
Clinical recovery

Pain

Pain medication
Length of stay
Physiological indices
Negative affect
Clinical recovery
Length of stay

Pain

Pain medication
Negative affect
Clinical recovery

Pain

Pain medication
Length of stay
Physiological indices
Negative affect
Clinical recovery

Compiled from data presented by Johnston and Vogele.?®
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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,*’
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.*®
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
20 minutes after the consultation and 24.4 percent one
week later.”” However, an evaluation of informed consent
documentation has suggested that information given to
patients may be inconsistent.” 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.”! 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.”’
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.*®). 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.” 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.**

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.”’

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.>® for review). The use of virtual
reality as a distracter during painful procedures is also
being developed.”® Teaching relaxation techniques can be
effective with children® and relaxation induced by slow,
deep breathing can be encouraged by instructing children
to “blow the pain away.”*’

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.’

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,”” 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.’® 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.’”*° 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.*!

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.*>* 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.*> 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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KEY LEARNING POINTS

e 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.

® The ability to perform peripheral nerve blocks is an
essential skill in the comprehensive management of
acute, chronic, and cancer pain.

e A peripheral nerve stimulator (PNS) is not a substitute
for anatomical knowledge and should not be used to
hunt blindly for nerves.

® |ndividual 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:

e attributing pain to a single nerve;
e differential block to identify the neural pathway that
subserves the pain;

procedure;

permits precise targeting prior to a destructive

e allows the patient to experience the effects

temporarily before permanent blockade;

e 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.'

Lidocaine (lignocaine)

e Rapid onset and short duration (hours).

e Maximum recommended dose in an adult is 200 mg
(data sheet), although doses of 4—7 mg/kg have been
advocated.
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e Lidocaine causes vasodilatation at the site of
injection.

e Addition of 5pg/mL (1:200,000) epinephrine
(adrenaline) may slow systemic absorption and
prolong duration of the block.

e Large doses (up to 35mg/kg) combined with 1 pg/ml
(1:1,000,000) epinephrine by subcutaneous
infiltration have been used for liposuction.

e 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.

e Maximum dose 10 mg/kg (total maximum adult dose
600 mg).

e Has no vasoactivity.

e Multidose vials contain methylparahydroxybenzoate

as preservative.

Bupivacaine (racemic)

e Slow onset and long duration (lasts two to three
times longer than lidocaine).

e Maximum recommended dose in adults 150 mg,
dosage should not exceed 2 mg/kg.

e Epinephrine does not seem to prolong duration of
block.

e Main disadvantage is low threshold for cardiotoxicity.

e Epinephrine-containing preparations contain sodium
metabisulfite.

e Opioid-bupivacaine mixtures provide epidural
analgesia in a synergistic manner.

Levobupivacaine

e This S-enantiomer of bupivacaine is less cardiotoxic.

e Equipotent to racemic bupivacaine by the epidural
route.

e Still to be fully evaluated clinically in peripheral
nerve blockade.

Ropivacaine

e Claims a greater degree of separation between
sensory and motor nerve block (differential
block).

e Claims of less toxicity may be secondary to its
potency being lower than bupivacaine.

e Ropivacaine causes vasoconstriction and
prolongation of nerve blockade compared with
bupivacaine.

e The addition of epinephrine probably confers no
additional benefit for peripheral nerve blocks.

e Maximum recommended dose 2 mg/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.>[I1]

e The analgesia is not permanent.

e It is associated with neuritis and deafferentation
pain.

e [t can produce unwanted motor blockade.

e [t can damage surrounding tissues.

Therefore, it is usually performed under the following
circumstances.

e The pain is severe and other methods have failed.

e The pain is in the distribution of an identifiable
peripheral nerve.

e A trial block of local anesthetic has been successful.

e 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

e Generally used undiluted for peripheral nerve
blockade.

e Injection is immediately followed by burning pain
along the distribution of the nerve, followed by
warm numbness.

e Pain relief increases over a few days and is maximal
by a week.

Phenol

e 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.

e Aqueous phenol can be injected down smaller gauge
needles.



Chapter 23 Peripheral nerve blocks: practical aspects I 257

e Following injection, an initial local anesthetic effect
subsides to neurolysis, which may take three to seven
days to become fully apparent.

e 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:

e Freezing of a nerve segment to —60 °C with a 2-mm
probe.

e Achieved by rapid expansion of carbon dioxide or
nitrous oxide gas.

e The probe is left in contact with the nerve for one to
two minutes and allowed to thaw before removal.

e An acute injury produces analgesia for 2-20 weeks.

e 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

e A pulsed radiofrequency (RF)” lesion is achieved by
applying energy with a pulsed time cycle of 2.20 ms/
second at temperatures not exceeding 42°C.

e The mechanism of neuromodulation is unclear, but
the electromagnetic field energy may interrupt nerve
transmission.

e Pulsed RF has been used with benefit for blockade of
most peripheral nerves and ganglia.

e A typical lesion is 42°C 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.* 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

e Use a PNS that has a variable current output up to
5mA.

e Set for short duration of impulse (less than 100 ps)
at a frequency of 1-2 Hz so that motor nerves are
stimulated preferentially.

e Connect anode (+ve) to a large ground electrode
well away from the site of the nerve block to ensure
current flows through the target nerve.

e Initially set delivered current at 3 mA.

e Connect cathode (—ve) to the block needle.

e Using a standard approach to the nerve, advance
needle until within the expected vicinity of nerve.

e When using a current of around 3 mA or less, the
nerve will not be stimulated unless the needle tip is
within 1 cm.

e Painful levels of stimulation will be needed if the
nerve is more than 2 cm away.

e Look for pulse-synchronous muscle movement to
indicate that the needle tip is close to the nerve.

e Carefully adjust the needle tip position so that “just
discernible” muscle movement is seen with a current
of 0.1-0.5 mA.

e Sudden pain or exaggerated muscle movement may
indicate direct contact with the nerve.

e The exact current depends on the target nerve. Small
nerves such as the median nerve require 0.1-0.3 mA
whereas the sciatic nerve may require 2 mA.

e Elderly patients or the presence of neuropathy
require greater current.

e 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

e Insulated needles prevent current loss in surrounding
tissue.

e Insulated needles require half the current of
noninsulated needles.

e There is a greater variety and availability of
noninsulated needles.

e For most uses, noninsulated needles are satisfactory.

e 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.” 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)® 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

e Attention to asepsis is important as prolonged use is
intended.

e Insertion point should be carefully chosen and
catheter fixed to prevent dislodgement.

e Catheter needs to be accurately placed alongside
nerve or plexus using real time ultrasound or
stimulating catheter.

e Distension of tissue space with saline of local
anesthetic aids catheter placement.

e Catheter should be flushed with saline to prevent
obstruction by blood.

e Optimal regime is the combination of a basal
background infusion (3-5mL/h) with intermittent
top-ups as required (3-5mL).

e Levobupivacaine 0.125 percent, ropivacine 0.2
percent alone, or levobupivacaine 0.1 percent with
fentanyl 2 ug/mL are usual solutions.

e [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.

e Duration should be no longer than necessary as
myotoxicity may occur.

TECHNIQUES

e Cannula over needle with catheter through cannula.

e Inexpensive and needles generally small.

e Uncertainty of final position of catheter unless
ultrasound used.

e Catheter is stiff and easily damaged by needle.

Catheter through Tuohy/Sprotte needle

e Needle tip angle aids threading of catheter.
e 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

e Infrequently, systemic toxicity from the
administration of local anesthetic and neurolytic
agents can occur.

e These techniques should not be performed without
immediate availability of, and skill in using, airway
and cardiovascular resuscitation facilities.

ASEPTIC TECHNIQUE

e All equipment should be sterile and preferably
disposable.

e C(leaning fluids should be disposed of prior to
drawing up local anesthetic solutions to avoid error.

e Both gloves and a mask should be worn.

NEEDLES

e Preliminary skin infiltration and wheals are
performed with 23- or 25-gauge hypodermic needles.

e 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.

e Short, beveled needles (angle approximately 45°)
offer more feedback to the operator.

e 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

e Diagnosis and treatment of occipital neuralgia.
e Scalp anesthesia for surgical procedures.



Chapter 23 Peripheral nerve blocks: practical aspects I 259

As defined by the International Headache Society, occi-
pital neuralgia is diagnosed by successful local anesthetic
block of that nerve.”[II] Chronic occipital neuralgia can
be treated by repeated injections of local anesthetic and
depot steroid.

RELEVANT ANATOMY

e The greater occipital nerves originate from the
posterior rami of C2, often with a branch from C3.

e Interneuronal connections within the upper spinal
cord may allow occipital pain to be referred to the
trigeminal distribution.

e 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.

e The lesser occipital nerve originates from the anterior
rami of C2 and C3.

e The nerve runs upwards along the posterior border
of the sternomastoid muscle to supply the lateral and
posterior scalp.

e The lesser occipital nerve lies superficial to, and
becomes lateral to, the occipital artery.

LANDMARKS

e Greater occipital protuberance.
e Mastoid process.
e Occipital artery.

Occipital protuberance

Sausages of solution

PRACTICAL STEPS (FIGURE 23.1)

e Best position is sitting with the head flexed.

e Selection of nerve for block is based on reproduction
of pain with nerve palpation.

e Identify the line between the occipital protuberance
and the mastoid process.

e Insert a 25-gauge needle subcutaneously 2 cm lateral
to the occipital protuberance, and medial to the
pulsation of the occipital artery.

e Inject 4-5mL of solution to block the greater
occipital nerve.

e Redirect the needle along the line between the bony
landmarks toward the mastoid process and inject a
further 3—-4 mL subcutaneously to block the lesser
occipital nerve.

COMPLICATIONS

e 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.®

Greater occipital nerve

Occipital artery

Lesser occipital nerve

Mastoid process

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 LANDMARKS

See Table 23.1. e Mental foramen.

RELEVANT ANATOMY (FIGURE 23.2) PRACTICAL STEPS

e 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 A 25-gauge needle is inserted toward the foramen.

its resting position. To avoid nerve damage, the needle should not be
e The supratrochlear nerve lies medial to the placed in the canal.

supraorbital nerve.

Palpation to identify the mental foramen.
Clean skin.

Aspirate for blood.
e Inject 2-3mL of local anesthetic.

Mental nerve block e Neurolysis can be achieved with incremental
injections of 0.1 mL of glycerol or phenol in glycerol

The mental nerve can be blocked by an intraoral or an after trial block with local anesthetic. Cryoanalgesia

extraoral route. The extraoral route will be described. 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

Supratrochlear nerve

Supraorbital nerve

/,__J\\x\\\\\\\\

Foraminae and pupil
in line

Infraorbital
nerve
Needle insertion point over Mental foramen

mental foramen

Mental nerve

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

e Infraorbital foramen.

PRACTICAL STEPS

e Palpate infraorbital foramen (1 cm lateral to external
nares and 1 cm below the lower border of the orbit).

e Insert a 25-gauge needle subcutaneously towards the

foramen.

Avoid entering the canal with the needle.

Aspirate for blood.

Inject 2-3 mL of local anesthetic.

Neurolysis as above.

Supraorbital and supratrochlear nerve blocks

LANDMARKS

e Supraorbital notch.
e 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—4 mL of local anesthetic.

Redirect needle medially toward the bridge of the

nose.

Aspirate for blood.

Inject a further 3—4 mL of local anesthetic.

e For bilateral block, insert the needle in the midpoint
of the bridge of the nose.

e 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 block” 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

e Origin — nucleus ambiguus.
e Exits the skull through the jugular foramen.
e 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.

e Aspirate for blood.

Inject 10 mL of local anesthetic, which may be
combined with steroid (up to 80 mg depot
methylprednisolone).

COMPLICATIONS

e Inadvertent intravascular injection (jugular vessels).
e 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 block'® can be deep or superficial; the
deep block also provides muscle relaxation (motor block).
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Sternocleidomastoid muscle

Spinal accessory nerve

Trapezius muscle

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.

INDICATIONS

e Surgery of the neck (usually carotid endarterectomy).

e Pharyngeal cancer pain.
e Occipital and posterior auricular neuralgia.

Superficial cervical plexu