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Preface

As all medical students know, pain is the most common reason for a person to consult a physician. Under ordinary
circumstances, acute pain has a useful, protective function. Itdiscourages the individual from activities thataggravate
the pain, allowing faster recovery from tissue damage. The physician can often tell from the nature of the pain what
its source is. In most cases, treatment of the underlying condition resolves the pain. By contrast, children born with
congenital insensitivity to pain suffer repeated physical damage and die young (see Sweet WH (1981) Pain 10:275).

Pain resulting from difficult to treat or untreatable conditions can become persistent. Chronic pain “never has a
biologic function but is a malefic force that often imposes severe emotional, physical, economic, and social stresses
on the patient and on the family. ..” (Bonica JJ (1990) The Management of Pain, vol 1, 2" edn. Lea & Febiger,
Philadelphia, p 19). Chronic pain can be considered a disease in its own right.

Pain is a complex phenomenon. It has been defined by the Taxonomy Committee of the International Association
for the Study of Pain as “An unpleasant sensory and emotional experience associated with actual or potential tissue
damage, or described in terms of such damage” (Merskey H and Bogduk N (1994) Classification of Chronic Pain,
2" edn. IASP Press, Seattle). It is often ongoing, but in some cases it may be evoked by stimuli. Hyperalgesia occurs
when there is an increase in pain intensity in response to stimuli that are normally painful. Allodynia is pain that
is evoked by stimuli that are normally non-painful.

Acute pain is generally attributable to the activation of primary afferent neurons called nociceptors (Sherrington
CS (1906) The Integrative Action of the Nervous System. Yale University Press, New Haven; 2nd edp, 1947). These
sensory nerve fibers have high thresholds and respond to strong stimuli that threaten or cause injury to tissues of the
body. Chronic pain may result from continuous or repeated activation of nociceptors, as in some forms of cancer
or in chronic inflammatory states, such as arthritis.

However, chronic pain can also be produced by damage to nervous tissue. If peripheral nerves are injured, peripheral
neuropathic pain may develop. Damage to certain parts of the central nervous system may resultin central neuropathic
pain. Examples of conditions that can cause central neuropathic pain include spinal cord injury, cerebrovascular
accidents, and multiple sclerosis.

Research on pain in humans has been an important clinical topic for many years. Basic science studies were relatively
few in number until experimental work on pain accelerated following detailed descriptions of peripheral nocicep-
tors and central nociceptive neurons that were made in the 1960’s and 70’s, by the discovery of the endogenous
opioid compounds and the descending pain control systems in the 1970’s and the application of modern imaging
techniques to visualize areas of the brain that are affected by pain in the 1990’s. Accompanying these advances has
been the development of a number of animal models of human pain states, with the goal of using these to examine
pain mechanisms and also to test analgesic drugs or non-pharmacologic interventions that might prove useful for
the treatment of pain in humans. Basic research on pain now emphasizes multidisciplinary approaches, including
behavioral testing, electrophysiology and the application of many of the techniques of modern cell and molecular
biology, including the use of transgenic animals.

The “Encyclopedia of Pain” is meant to provide a source of information that spans contemporary basic and clinical
research on pain and pain therapy. It should be useful not only to researchers in these fields but also to practicing
physicians and other health care professionals and to health care educators and administrators. The work is subdivided
into 35 Fields, and the Field Editor of each of these describes the areas covered in the Fields in a brief review chapter.
The topics included in a Field are the subject of a series of short essays, accompanied by key words, definitions,
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illustrations, and a list of significant references. The number of authors who have contributed to the encyclopedia
exceeds 550. The plan of the publisher, Springer-Verlag, is to produce both print and electronic versions of this
encyclopedia. Numerous links within the electronic version should make comprehensive searches easy to manage.
The electronic version will be updated at sufficiently short intervals to ensure that the content remains current.

The editors thank the staff at Springer-Verlag who have provided oversight for this project, including Rolf Lange,
Thomas Mager, Claudia Lange, Natasja Sheriff, and Michaela Bilic. Working with these outstanding individuals

has been a pleasure.

July 2006

ROBERT F. SCHMIDT WILLIAM D. WILLIS
Wiirzburg, Germany Galveston, Texas, USA
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|
A Afferent Fibers (Neurons)

Definition

These are types of sensory afferent nerve fibers that are

myelinated (encased in a myelin sheath), and are classi-

fied according to their conduction velocity and sensory

modality.

AB fibers are medium diameter afferent fibers with con-

duction velocities of 30-80 ms, and encode signals from

non-noxious stimuli such as touch.

A3 fibers are smaller caliber afferent fibers with conduc-

tion velocities of 5-30 ms, and principally encode sig-

nals from noxious stimuli. They are commonly thought

to be responsible for the rapid sensation of *first pain’

following injury.

It is often difficult to precisely identify the different

classes of A fibers during development, as growth in

fiber diameter and myelination occur slowly, so the

eventual fate of fibers is not necessarily obvious at

earlier stages of development.

» Infant Pain Mechanisms

» Insular Cortex, Neurophysiology and Functional
Imaging of Nociceptive Processing

» Magnetoencephalography in Assessment of Pain in
Humans

» Nociceptor, Categorization

» Spinothalamic Tract Neurons, in Deep Dorsal Horn

|
A Fibers (A-Fibers)

Definition

The terminology refers to compound action potential de-
flections; A fibers are the most rapidly conducting cat-
egory representing activity of myelinated fibers. Most
A fibers are afferent nerve fibers that carry non-noxious
somatosensory information.

» A Afferent Fibers (Neurons)

» Opiates During Development

|
A Beta(3) Afferent Fibers

» A Afferent Fibers (Neurons)

|
A Delta(3) Afferent Fibers (Axons)

» A Afferent Fibers (Neurons)

|
A Delta(8)-Mechanoheat Receptor

» Polymodal Nociceptors, Heat Transduction

|
A Delta(8)-Mechanoreceptor

» Mechanonociceptors

|
AAV

» Adenoassociated Virus Vectors

|
Abacterial Meningitis

» Headache in Aseptic Meningitis



2 Abdominal Skin Reflex

I
Abdominal Skin Reflex

Definition

Similar to the flexion withdrawal reflex, this reflex is
a protective reflex of the trunk, and is intended to pro-
tect the abdominal organs from impact. In the adult, it is
evoked by painful stimulation of the abdomen. However,
in the infant, although more reliably elicited by noxious
stimulation, it can also be elicited by innocuous stim-
uli such as calibrated monofilaments (von Frey hairs),
its threshold in this age group being much lower than in
the older child and adult. Nevertheless, above approxi-
mately one year of age, itis increasingly difficult to elicit
the abdominal skin reflex using this type of stimulation.
» Infant Pain Mechanisms

» von Frey Hair

|
Abduction

Definition

Movement of a body part away from the midline of the
body.
» Cancer Pain Management, Orthopedic Surgery

|
Aberrant Drug-Related Behaviors

Definition

Use of a prescription medication in a manner that vio-
lates expectations for responsible drug use. May be ap-
plied to verbal responses or actions. Occur on a contin-
uum from relatively mild (e.g. unsanctioned dose esca-
lation on one or two occasions) to severe (e.g. injecting
oral formulations). Mustbe assessed to determine appro-
priate diagnosis (e.g. addiction, pseudoaddiction, other
psychiatric disorder, etc).

» Cancer Pain, Evaluation of Relevant Comorbidities

and Impact

|
Ablation

Definition

The basic definition of ablation is ‘elimination or
removal’. Medically, it is a procedure involving de-
struction of brain tissue to decrease the activity of a
brain structure, or interrupt information transmitted
along a specific tract.

» Facet Joint Pain

» Pain Treatment, Intracranial Ablative Procedures

|
Abnormal lliness Affirming States

Definition

A group of psychiatric disorders (conversion disorder,
hypochondriasis, somatization, pain disorder, factitious
disorder, and malingering), where secondary gain is be-
lieved to be important to the production of some or all of
the patient’s symptoms. Itis to be noted that for factitious
disorders and malingering, secondary gain is thought to
operate on a conscious level, but at an unconscious level
for the other illness affirming states.

» Abnormal Illness Behavior

» Malingering, Primary and Secondary Gain

|
Abnormal lliness Behavior

Definition

It is the persistence of an inappropriate or maladaptive

mode of perceiving, evaluating, or acting in relation to

one’s own state of health, despite the fact that the doctor

has offered an accurate and reasonably lucid explanation

about the illness, with opportunities for discussion, ne-

gotiations & clarifications, based on an adequate assess-

ment of all biological, psychological, social & cultural

factors.

» Abnormal Illness Affirming States

» Pain as a Cause of Psychiatric Illness

» Psychiatric Aspects of the Management of Cancer
Pain

|
Abnormal lliness Behaviour of the

Unconsciously Motivated, Somatically
Focussed Type

» Hypochondriasis, Somatoform Disorders and Abnor-
mal Illness Behaviour

|
Abnormal Temporal Summation

Definition

Abnormal Temporal Summation is an abnormal, intense

pain resulting from repetitive stimulation of a painful

skin area in patients with neuropathic pain.

» Diagnosis and Assessment of Clinical Characteristics
of Central Pain
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|
Abnormal Ureteric Peristalsis in Stone
Rats

Definition

A marked increase in amplitude of phasic contractions
(such thatthe intraureter pressure reaches levels likely to
be sufficient to activate ureteric nociceptors) associated
with a decrease in rate of contractions, and a reduced
basal tone compared to peristalsis seen in normal rats.
» Visceral Pain Model, Kidney Stone Pain

|
Abscess

Definition

An abscess is a circumscribed area of injury and inflam-
mation in which considerable necrosis has occurred, and
afluid containing dead tissue and bacteria has collected.
It may drain and be relatively comfortable, but if closed,
tissue distension results in pain.

» Dental Pain, Etiology, Pathogenesis and Management

|
Absolute Detection Threshold

Definition

On a stimulus continuum: a, What is the minimum value
of a stimulus that is “just detectable” by a subject? This
value is called the "absolute threshold’.

» Pain Evaluation, Psychophysical Methods

|
Absorption

Definition

The absorption of a drug contains all events from the site
of its administration to the site of the measurement. An
essential requirement for absorption is that the drug is
solved in a solvent.

» NSAIDs, Pharmacokinetics

ACC

» Anterior Cingulate Cortex

|
Accelerated Recovery Programs

» Postoperative Pain, Importance of Mobilisation

|
Acceleration-Deceleration Injury

» Whiplash

|
Accelerometer

Definition

An instrument for measuring acceleration or change of
velocity with respect to time
» Assessment of Pain Behaviors

|
Accommodation (of a Nerve Fiber)

Definition

The use dependant changes of action potential con-
duction and initiation of a nerve fiber, manifesting as
conduction velocity, slowing orincreasing the activation
threshold.

» Mechano-Insensitive C-Fibres, Biophysics

|
Acculturation

Acculturation is the ability to function with ease in an-
other culture by learning the rules of that culture.
» Cancer Pain, Assessment of Cultural Issues

|
Accuracy and Reliability of Memory

Definition

The distinction between accuracy and reliability of
memory is important for studies of pain memory. Re-
liability is determined by the correlation between the
report of pain at the time of its occurrence, e.g. a score
on a rating scale, and the estimate of that score at a
later time (the remembered pain). In studies with a
group of people, the correlation preserves the relative
order of the magnitude of pain and its recall. Accuracy
refers to the extent of agreement between records of the
original event and the corresponding memory. Under
certain conditions, it is possible to assess accuracy for
an individual; which is not possible for reliability. Also,
according to this distinction, memories may be reliable
but not accurate.

» Pain Memory
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|
ACE-Inhibitors, Beta(B)-Blockers

Definition
Drugsused to lower blood pressure and relieve heart fail-
ure.

» Postoperative Pain, Acute Pain Management, Princi-
ples

|
Acetylcholine Receptors

Definition

Receptors for the neurotransmitter acetylcholine, which
can be distinguished into muscarinergic (G protein cou-
pled) and nicotinergic (ion channel) receptors.

|
Acetaminophen

» Paracetamol
» Postoperative Pain, Paracetamol
» Simple Analgesics

|
Acetylation

Definition

The acetyl group of acetylsalicylic acid (aspirin) binds
to serine 530 in the active site of COX-1, or serine 516
in the active site of COX-2. This prevents the access of
arachidonic acid to the catalytic site of the cyclooxyge-
nase.

» Cyclooxygenases in Biology and Disease

|
Acetylcholine

Synonyms
Ach; ACh

Definition

Acetylcholine is a neurotransmitter synthesized from
choline and acetyl coenzyme A. It is localized in large
reticular formation neurons, and is the chemical medi-
ator in the synapse of a motor endplate. The electrical
signal of the motor nerve terminal causes release of
many packets of acetylcholine. The packets are re-
leased into the synaptic cleft, where receptors in the
postjunctional membrane of the striated muscle fiber
membrane convert the chemical signal to an electri-
cal signal (a propagated action potential), which can
produce muscle contractile activity. Normally, an occa-
sional acetylcholine packetis released spontaneously by
the nerve terminal without a nerve signal. Each packet
produces a miniature endplate potential in the muscle
fiber, but its amplitude is too small to be propagated.
Myofascial trigger points are associated with excessive
spontaneous release of acetylcholine packets in affected
endplates.

» Myofascial Trigger Points

» Thalamic Neurotransmitters and Neuromodulators

|
Ach, ACh

» Acetylcholine

|
Acidosis

Definition

Acidosis is the disturbance of the acid-base balance,
characterized by acidity (decreased pH) by accumu-
lation of protons, caused by injury, inflammation or
ischemia. Acidosis is an important source of pain. In
humans, it produces non-adapting nociceptor excita-
tion and contributes to hyperalgesia and allodynia in
inflammation.

» Acid-Sensing Ion Channels

» TRPV1, Regulation by Protons

|
Acid-Sensing lon Channels

NICOLAS VOILLEY, MICHEL LAZDUNSKI

Institut de Pharmacologie Moleculaire et Cellulaire,
Valbonne, France

voilley @ipmc.cnrs.fr

Synonyms

ASIC; ASICla; brain sodium channel 2 (BNC2,
BNaC2); ASICl1b: ASICB; ASIC2a: mammalian de-
generin 1 (MDEGI), brain sodium channel 1 (BNCI,
BNaCl); ASIC2b: mammalian degenerin 2 (MDEG?2);
ASIC3: dorsal-rootacid-sensing ion channel (DRASIC)

Definition

Acid-Sensing Ion Channels (ASICs) are membrane
protein complexes that form depolarizing ion channels
present on peripheral and/or central neurons. These
channels are opened by extracellular protons. Their
activation induces action potential triggering on neu-
rons after an extracellular pH decrease to acidic values.
Such tissue » acidosis occurs during » inflammation
or » ischemia, and is a major source of pain.
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Characteristics

ASICs are membrane protein complexes formed by
four subunits among the six characterized isoforms
(Fig. 1). The isoforms are coded by four different
genes, two of them spliced in two variants: ASICla
and ASIC1b, ASIC2a and ASIC2b, ASIC3 and ASIC4
(Chen et al. 1998; Garcia-Anoveros et al. 1997; Grun-
der et al. 2000; Lingueglia et al. 1997; Waldmann et
al. 1997a; Waldmann et al. 1997b). Each subunit is
510 to 560 amino-acids long, with two transmembrane
domains and a large extracellular loop, and belongs to
the ENaC/DEG/ASIC family (Fig. 2) (Waldmann and
Lazdunski 1998). The properties of the channels (i.e.
activation and inactivation kinetics, pH sensitivity, ion
selectivity) vary according to their subunit composition.
For example, ASICla opens transiently for pH values
from 7.2 and under with a pHsp of 6.2, and is sodium
selective (Waldmann et al. 1997b) (Fig. 3). ASIC3
generates a biphasic current: the transient current is
followed by a sustained current that lasts as long as
the pH is low (Waldmann et al. 1997a) (Fig. 3). It has
been associated with cardiac ischemic pain (Sutherland
et al. 2001), and ASIC3-deficient mice display alter-
ations in the modulation of high-intensity pain stimuli
(Chen et al. 2002). Some isoforms have no activity
when expressed alone: the isoform ASIC2b modifies
the properties of the other subunits when present in
heteromeric complexes (Lingueglia et al. 1997); the
isoform ASIC4 has absolutely no activity, either alone
or with other isoforms (Grunder et al. 2000). The asso-
ciation of ASIC3 and ASIC2b forms a channel with an
ion selectivity and a pH sensitivity thatis similar to those
of an endogenous native current widely expressed on
sensory neurons (Benson et al. 2002; Lingueglia et al.
1997), and that can participate in the sustained neuronal
activity observed in lasting acidic pain states such as
inflammatory and ischemic pain.

ASIC isoforms can be localized exclusively in sen-
sory neurons and particularly nociceptors (ASIC1b
and ASIC3), or in both sensory and central neurons
(ASICla, ASIC2a and 2b). Their role as pH-sensors
on sensory neurons occurs particularly in pathophys-
iological situations when tissue pH decreases. During
inflammation, ischemia, around a fracture or a tumor,
the extracellular pH can be lower than 6. This acidosis
is directly responsible for pain feelings, and bicarbon-
ate solutions used to be infused in arthritic joints to
diminish pain.

ASIC currents are sensitive to amiloride but with rela-
tively low affinities (around 10 puM). ASIClais also po-
tently inhibited by a peptidic toxin isolated from taran-
tula venom (Escoubasetal. 2000). Ithas been shown that
NSAIDs directly block recombinant and native ASIC
currents (Voilley etal. 2001). Ibuprofen and flurbiprofen
inhibit ASIC1la-containing channels, and aspirin, sali-
cylate and diclofenac inhibit ASIC3-containing chan-

Na* H*

Acid-Sensing lon Channels, Figure 1 Model of the structure of the acid-
sensing ion channel (ASIC) constituted by the assembling of 4 subunits in
order to form a functional protein. The channel can be formed by 4 identical
subunits (homomer) or by different subunits (heteromer). ASIC1a, 1b, 2a
and 3 make functional channels as homomers or heteromers. ASIC2b and
ASIC4 have no activity as homomers. However, ASIC2b modifies the current
properties of the other subunits when present in a heteromer.

nels. The blocking action of these NSAIDs is direct on
ASICsandisindependentof cyclo-oxygenaseinhibition
(Voiley 2004). It prevents sensory neurons from trigger-
ing action potentials when submitted to acidic pH (Voil-
ley et al. 2001). The effective concentrations are in the
same range as the therapeutic doses necessary for anal-
gesic effect. This pharmacology can explain some of the
painrelease observed with NSAIDs in experimental tis-
sue acidosis and inflammation (Steen et al. 1996).
During inflammation, the mRNA levels of the ASICs
are increased 6-15 fold, and this in vivo increase is
completely abolished by treatments with glucocorti-
coids or NSAIDs (Voilley et al. 2001). This increase is
correlated to a higher level of ASIC currents on sensory
neurons, and leads to a greater excitability of these
cells under pH variations (Mamet et al. 2002). Some
pro-inflammatory mediators, and particularly NGF,
are directly responsible for the observed increase in
ASIC expression and activity. Indeed, NGF controls
the expression and the transcriptional regulation of the
ASIC3 encoding gene (Mamet et al. 2002; Mamet et
al. 2003). Moreover, ASICs are also expressed de novo
by a greater number of neurons, and participate in the
recruiting of sensory fibers that become nociceptive
neurons (Mamet et al. 2002; Voilley et al. 2001).
ASICs can also undergo post-translational regulations.
Pro-inflammatory mediators like prostaglandins and
bradykinin activate protein kinase cascades, which
participate in sensory neuron sensitization. ASIC2a
protein can be directly phosphorylated by protein ki-
nase C (PKC). This phosphorylation, whichis facilitated
by an interaction with the PICK-1 protein, has a positive
effect on the activity of the channel (Baron et al. 2002).
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The ENaC/DEG/ASIC family

Epithelial
sodium channels

Acid-Sensing lon Channels,
Figure 2 Phylogenic tree of the
ENaC/DEG/ASIC family. The family is
constituted mainly by the vertebrate
epithelial sodium channel subunits
(ENaC), the snail FMRF-amide
activated sodium channel (FaNaC),
the mammalian acid-sensing ion
channels (ASICs) and the nematode
: Caenorhabditis elegans degenerins
Degenerins U 4 DG). The proteins
(C. elegans) share homologies in sequence and
structure. Each member protein has
a simple structure consisting of 2
transmembrane domains and a large
extracellular loop.

UNC-105

DEG-1

Ligand-activated
channels

ASIC1a ASIC1b ASIC2a ASIC3
pHS pH 45 pHS pH4
lf |100pA
5s
pH50= 62 pHso = 59 pHm = 44 pH50=65'35
Py/Pi=13 Pn/Pi=25 Pp/Pi= 10 Pn/Pi= 135-135
ASIC1a + 2a ASIC2a + 2b ASIC2b + 3
pH_5 pH5 pH4
Pw/Pi= 7.2 Pn/Pic Pa/P=135-1

Acid-Sensing lon Channels, Figure 3 Measurement by electrophysiology of the currents generated by ASIC cDNAs transfected in mammalian cells
when an acidic stimulus is applied. ASIC1a, ASIC1b and ASIC2a display a transient activation. ASIC3 displays a transient current followed by a sustained
phase. ASIC2b and ASIC4 do not bear any activity. In heteromers, ASIC2b confers a plateau phase with a cationic non-selective permeability. For each

current type, the half-activation pH (pHsq) and the sodium over potassium selectivity (Pya/Px) are given; when the current is biphasic, both values
(peak-plateau) are given.
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ASICs present on sensory neurons are thus implicated
in acidic pain sensing, neuron sensitization, and onset
and maintenance of inflammatory hyperalgesia and al-
lodynia.
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Acinar Cell Injury

» Visceral Pain Model, Pancreatic pain

|
Acrylamide

An acrylic chemical used in industry and also in the lab-
oratory (gel electrophoresis), with intoxicationresulting
in peripheral nerve disease (acrylamide neuropathy).
» Toxic Neuropathies

Acting-Out

» Anger and Pain

|
Action

A readiness to change stage, in which a person is tak-
ing concrete steps to change his or her behavior and/or
environment.

» Motivational Aspects of Pain

|
Action Potential

Definition

Electrical potential actively generated by excitable
cells. In nerve cells, the action potential is generated
by a transient (less than 1 ms) increase in Na* and K*
conductances, which brings the membrane potential to
the equilibrium potential of Na*. Immediately after-
wards, the membrane repolarizes and becomes more
negative than before, generating an afterhyperpolar-
ization. In unmyelinated axons, the action potential
propagates along the length of the axon through local
depolarization of each neighboring patch of membrane.
In myelinated axons, action potential is generated only
in the Ranvier nodes and jumps rapidly between nodes
increasing markedly the propagation speed.
» Demyelination
» Molecular Contributions to the Mechanism of Central
Pain
» Nociceptor Generator Potential

|
Action Potential Conduction of C-Fibres

» Mechano-Insensitive C-Fibres, Biophysics

|
Action Potential in Different Nociceptor

Populations

» Nociceptors, Action Potentials and Post-Firing Ex-
citability Changes
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|
Actiq®

Definition

Actiq® is a transmucosal fentanyl system that produces
more significant pain relief at 15, 30, 45, and 60 min-
utes following administration (over a recommended 15
minutes) in opioid tolerant cancer patients.

» Postoperative Pain, Fentanyl

|
Activa®

Definition

The Brand name (Medtronic, Minneapolis, USA) of a
system of electrodes, connectors, and implantable pulse
generators for the treatment of movementdisorders, pain
and epilepsy, by stimulation of the basal ganglia, mid-
brain and thalamus.

» Pain Treatment, Spinal Cord Stimulation

|
Activation Threshold

The current level needed to initiate an action potential

in a nerve fiber.

» Painin Humans, Electrical Stimulation (Skin, Muscle
and Viscera)

|
Activation/Reassurance

GEOFFREY HARDING
Sandgate, QLD, Australia
geoffharding @uq.net.au

Synonyms

Reassurance and Activation

Definition

Activation and reassurance are interventions that have
been used for the treatment of acute low back pain. They
involve having the practitioner gain the patient’s confi-
dence that they do not have a serious cause of pain, and
that remaining active, or restoring activity, is beneficial
for their recovery.

Characteristics

Systematic reviews have shown that bed rest is neither
appropriate nor effective for acute low back pain (Koes
and van den Hoogen 1994; Waddell et al. 1997). Bed
rest offers no therapeutic advantages, and is less effec-
tive than alternative treatments in terms of rate of recov-
ery, relief of pain, return to daily activities, and time lost
from work. By inference, these results support keeping
patients active.

Nevertheless, patients may harbour fears or misconcep-
tions about their pain, which may inhibit their resump-
tion of activities. Explanation and reassurance are re-
quired to overcome these fears.

Evidence

The study of Indahletal. (1995) constitutes alandmarkin
the management of non-specific musculoskeletal condi-
tions. Itwas the firstrigorously controlled trial to demon-
strate long-term efficacy for an intervention based on re-
assurance and activation, with no passive interventions.
Patients were provided with a biological model of their
painful condition. They were assured that light activity
would not further injure the structures that were respon-
sible for their pain, and was more likely to enhance the
repair process. The link between emotions and muscu-
loskeletal pain was explained as a muscular response.
Patients were told that increased tension in the muscles
for any reason would increase the pain and add to the
problem. It was explained how long-standing pain and
associated fear could create vicious cycles of muscular
activity that caused pain to persist. It was strongly em-
phasised that the worst thing they could do would be to
act in a guarded, over-cautious way.

Regardless of clinical and radiographic findings, all
patients were told to mobilise the affected parts by
light, non-specific exercise, within the limits of intense
pain exacerbation. No fixed exercise goals were set,
but patients were given guidelines and encouraged to
set their own goals. Great emphasis was placed on the
need to overcome fear about the condition and asso-
ciated sickness behaviour. Misunderstandings about
musculoskeletal pain were dealt with.

The principal recommendation was to undertake light,
normal activities, moving as flexibly as possible. Ac-
tivities involving static work for the regional muscles
were discouraged. No restrictions were placed on lift-
ing, but twisting when bending was to be avoided. Acute
episodes of pain in the affected region were to be treated
as acute muscles spasm, with stretching and further light
activity. Instruction was reinforced at three months and
at one year.

The actively treated patients exhibited a clinically and
statistically significantdifference from the control group
with respect to decrease in sickness-leave. At 200 days,
60% in the control group, but only 30% in the interven-
tion group, were still on sick-leave. A five-year follow-
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up demonstrated that these differences were maintained
(Indahl et al. 1998). Only 19% of the intervention group
were still on sick-leave at five years, compared with 34%
in the control group.

The results of Indahl et al. (1995) were corroborated by
another study (McGuirk et al. 2001). The intervention
was based on the principles set by Indahl, and focused
onidentifying the patient’s fears, providing explanation,
motivating patients to resume activities, and helping
them maintain those activities. This approach achieved
greater reductions in pain than did usual care, with
fewer patients progressing to chronic pain, less use of
other health care and greater patient satisfaction.

Principles

Providing reassurance and motivating patients into ac-
tivity are skills that have to be learnt. It is not enough to
simply give information in the form of test results, di-
agnoses, prognoses or proposed treatments. The man-
ner of the consultation and the doctor’s ability to em-
pathize with the anxious patient is a pre-requisite to any
“motivational interview” (McDonald and Daly 2001).
In order to develop empathy, a long consultation may
be required. However, reassurance can nevertheless be
achieved through a systematic series of shorter consul-
tations (Roberts et al. 2002).

Interviewing techniques can be adapted to achieve
an “educational outcome” (Arborelius and Bremberg
1994). The process of consulting or interviewing in a
motivational way has been detailed (Kurtz et al. 2005),
and is quite different from a normal medical interview
that is geared towards collecting and collating infor-
mation in as short a time as possible. Naturally, the
educational (or motivational) interview demands more
time from the practitioner. However, it is more effective
in terms of changing behaviour towards self-motivation
(Miller and Rollnick 2002).

The doctor must establish an initial rapport with the pa-
tient. In general, one should greet each patient as if they
were a friend of a friend, not a complete stranger. The
doctor should not give the impression of rushing.

The concerns with which patients present can be encap-
sulated by Watson’s quartet (Watson 1999): “I hurt”, “I
can’t move, “I can’t work”, and “I’m scared”. The lat-
ter can be expanded to encompass: what has happened?;
why has ithappened?; why me?; why now?; what would
happen if nothing were done about it?; what should I do
about it, and who should I consult for further help?
Itisuseful to ask patients what they think has caused their
problems — the answers given to this question are often
surprising, and can sometimes hold the key to guiding
patients through a complex biopsychosocial landscape.
There are no routine responses to these issues and ques-
tions. The practitioner must be prepared to respond in an
informed, convincing, and caring manner. One example
of an explanation might be:

“Well, we don’t actually know why you have developed
this but there are many reasons, and some of them come
down to just bad luck. It might be related to an event or
an injury, but these are often hard to track down. At the
end of the day I can say that there doesn’t seem to be
anything that you could have avoided, and the problem
is one that is not serious — it is painful, but not harmful.
It might happen again and it might not.

There are lots of people who will tell you that it’s “this”
or “that” which has caused it, but frankly this is specu-
lation in most cases. Some people will tell you that it’s
because you have weak muscles, but you know that the
fittest athletes in the world get injured from time to time,
and there are many people out of condition who never get
injuries. Others might say thatitis your posture. But you
have presumably not altered your posture in many years
and you have never had the problem before. So trying
to fix your posture in a major way might be pointless at
this stage. [ can say that there is no disease process going
on and there are no broken bones or things that the sur-
geons have to fix. It’s not something that you will pass
onto your children and it will not shorten your lifespan.
It might be that you will have to look at the type of work
you do, but we will get more of an idea about that as time
goes on.”

This sort of explanation takes an enormous amount of
time; but short-changing the patient will result in a less-
than-effective consultation. The paradox of appearing
to have shortage of time will result in no change accom-
plished, whereas appearing to have “all day” often re-
sults in achange occurring in a matter of minutes (Miller
and Rollnick 2002).

As the patient raises issues, their narrative should be ex-
panded, with the use of phrases such as: “tell me more
about that”. Terms and expressions used by the patient
should be checked for meaning, so that the doctor un-
derstands what the patient is communicating.
Developing rapport relies on the appropriate use of eye
contact, expressing concern and understanding, and
dealing sensitively with the patient during the physical
examination.

A thorough examination is a necessary pre-requisite for
gaining the satisfaction (and thus the confidence) of the
patient (McCracken et al. 2002). The reasons for exam-
ination procedures should be explained.

The practitioner can reassure patients by developing an
“educational enterprise” (Daltroy 1993). Printed mate-
rial is an effective reinforcer of tuition (see » Patient
Education). Models and pictures serve to explain con-
cepts about normal structure and pathology. The lan-
guage used should be appropriate to the patient and
understood by them. Alarming and distressing terms
should be avoided.

When recommending exercises, those exercises should
be demonstrated, and the patient’s ability to reproduce
them should be observed and confirmed. The same con-
firmation should be obtained when advice is given about
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how the patient will undertake their desired activities.
Checking their understanding is what converts the con-
sultation from one in which instructions are simply is-
sued, to one in which the patient is confident about that
instruction.
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Active

This refers to movement of a body part using power gen-
erated from one’s own muscle action.
» Cancer Pain Management, Orthopedic Surgery

T
Active Inhibition

Definition

Active inhibition implies that nociceptive processing
during the interphase of the formalin test is suppressed
by specific inhibitory mechanisms, as opposed to simply
reflecting the absence of excitatory input.

» Formalin Test

|
Active Locus

Synonyms
EPN locus

Definition

The motor component of a Myofascial Trigger Point is
the active locus, or endplate-noisy locus (EPN locus).
From this locus, spontaneous electrical activity, known
as endplate noise (EPN), can be recorded. It is related to
taut band formation in skeletal muscle fibers.

» Dry Needling

|
Active Myofascial Trigger Point

Definition

An active trigger point is a myofascial trigger point that
is causing, or contributing to, a clinical pain complaint.
When itis compressed, the individual recognizes the in-
ducedreferred pain as familiar and recently experienced.
» Dry Needling

» Myofascial Trigger Points

|
Activities of Daily Living

Definition

Activity: The execution of a task or action by an individ-

ual. Activities of daily living refers to normal physical

activity such as getting out of bed, walking (initially with

support), sitting, and personal toileting.

» Physical Medicine and Rehabilitation, Team-Orien-
ted Approach

» Postoperative Pain, Importance of Mobilisation

I
Activity

Definition

Activity is described as the execution of a task or action
by an individual. It represents the individual perspective
of functioning. Difficulties anindividual may have in ex-
ecuting activities are activity limitations.
» Disability and Impairment Definitions
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|
Activity Limitations

Definition

Difficulties an individual may have in executing activi-

ties.

» Impairment, Pain-Related

» Physical Medicine and Rehabilitation, Team-Orien-
ted Approach

|
Activity Measurement

Definition

A measure of personal activities of daily living (e.g.
showering, dressing, toileting, feeding), independent
activities of daily living (e.g. cleaning, cooking, shop-
ping, banking), and discretionary activities of daily
living (e.g. driving, visiting, leisure activities).

» Pain Assessment in the Elderly

|
Activity Mobilization

Definition

Strategies aimed at maximizing a chronic pain patient’s
participation in activities of daily living.

» Catastrophizing

|
Activity-Dependent Plasticity

This is an alteration in neuronal structure or function due
to activation of the neurons.
» Spinothalamic Tract Neurons, Role of Nitric Oxide

|
Acupuncture

Definition

A system of healing that is part of traditional Chinese
medicine. It consists of the insertion of thin solid needles
into specific points, usually into muscles, on the body
that lie along channels or meridians, in order to treat dif-
ferent symptoms.

» Acupuncture Mechanisms

» Alternative Medicine in Neuropathic Pain

» Acupuncture Efficacy

|
Acupuncture Efficacy

EDZARD ERNST

Complementary Medicine, Peninsula Medical School,
Universities of Exeter and Plymouth, Exeter, UK
edzard.ernst@pms.ac.uk

Definition

» Acupuncture can be defined as the insertion of nee-
dles into the skin and underlying tissues at specific sites
(acupuncture points) for therapeutic or preventative
purposes (Ernst et al. 2001). Sometimes other forms
of point stimulation are used, electrical current (elec-
troacupuncture), pressure (acupressure), heat (moxi-
bustion) or laser light (laser acupuncture). Acupuncture
is part of the ancient Chinese medical tradition. In recent
years, a new style (Western acupuncture) has emerged,
which no longer adheres to the Taoist philosophies
underpinning Chinese acupuncture but seeks explana-
tions for its mode of action from modern concepts of
neurophysiology and other branches of medical science.

Characteristics

The evidence for or against the efficacy (or effective-
ness) of acupuncture is highly heterogeneous and often
contradictory. Thus single trials, even of good quality,
may not provide a representative picture of the current
evidence. The following section is therefore exclusively
based on systematic reviews of controlled clinical trials,
i.e. on the totality of the available trial data rather than
on a possibly biased selection of it. Whenever more than
one such publication is available, the most up to date one
was chosen.

Any Chronic Pain

One landmark paper summarised the results of 51 ran-
domised clinical trials testing the efficacy of acupunc-
ture as a treatment of all forms of chronic pain (Ezzo
et al. 2000). Any type of acupuncture was considered.
The studies were rated for methodological rigour us-
ing the Jadad score (Jadad et al. 1996). The results
revealed a significant association between lower qual-
ity studies and positive outcomes. There was no clear
evidence to demonstrate that acupuncture is superior
to sham acupuncture or to standard treatment. Good
evidence emerged that it is better than waiting list (i.e.
no acupuncture). The quality of the review was rated
“good” by independent assessors (Tait et al. 2002).
Depending on one’s viewpoint, one can interpret these
findings differently. Acupuncture ‘fans’ would claim
that they demonstrate acupuncture to be as good as
standard treatments, while sceptics would point out
that the data suggest that acupuncture has no more
than a placebo effect. Pooling the data for all types of
chronic pain is perhaps an approach too insensitive to
tease out effects on more defined types of pain. Other
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systematic reviews have therefore focussed on more
specific targets.

Dental Pain

Sixteen controlled trials were available, 11 of which
were randomised (Ernst and Pittler 1998). All studies
of manual or electroacupuncture were included. Their
methodological quality was assessed using the Jadad
score (Jadad et al. 1996). The collective evidence sug-
gested that acupuncture can alleviate dental pain, even
when compared against sham acupuncture. The strength
of the conclusion was, however, limited through the
often low quality of the primary data. The quality of the
review was rated by independent assessors as “satisfac-
tory” (Tait et al. 2002). Since effective and safe methods
for relieving dental pain exist, the clinical relevance of
acupuncture for dental pain may be limited.

Headache

A Cochrane Review summarised the evidence from 26
randomised or quasi-randomised trials of any type of
acupuncture (Linde et al. 2001). Their methodological
quality was assessed using the Jadad score (Jadad et al.
1996). The overall results support the role of acupunc-
ture for recurrent headaches but not for migraine or
other types of headache. The conclusions were limited
through the often low methodological quality of the
primary studies. The review was independently rated
to be of good quality (Tait et al. 2002).

Neck Pain

Fourteen randomised clinical trials of all types of
acupuncture were included in a systematic review
(White and Ernst 1999). Their rigour was evaluated
using the Jadad score (Jadad et al. 1996) and found to
be mixed. About half of the trials generated a positive
result while the other half could not confirm such a find-
ing. Thus the efficacy of acupuncture was not deemed
to be established. The quality of the review was rated
“good” (Tait et al. 2002).

Back Pain

A Cochrane Review assessed the effectiveness of man-
ual acupuncture or electroacupuncture for non-specific
back pain (van Tulder et al. 2001). Eleven randomised
trials were included and evaluated according to the
Cochrane Back Review Group criteria. The results
were mixed, but overall acupuncture was not found to
be of proven effectiveness, not least because the quality
of the primary studies was found to be wanting. This
review was rated as of good quality (Tait et al. 2002).
Other systematic reviews of these data have drawn
different conclusions, e.g. (Ernst and White 1998). An
updated review on the subject including many new
studies is now being conducted.

Fibromyalgia

A systematic review included 4 cohort studies and 3
randomised clinical trials of any type of acupuncture
(Berman et al. 1999). Their methodological quality
as assessed using the Jadad score (Jadad et al. 1996)
was mixed, but in some cases good. The notion that
acupuncture alleviates the pain of fibromyalgia patients
was mainly based on one high quality study and thus
not fully convincing. The quality of the review was
rated as “satisfactory” (Tait et al. 2002).

Osteoarthritis

A systematic review of controlled acupuncture trials
for osteoarthritis of any joint included 13 studies (Ernst
1997). Their methodological quality was evaluated
using the Jadad score (Jadad et al. 1996) and found to
be highly variable. The methodologically sound studies
tended to yield negative results. Sham-acupuncture
turned out to be as effective as real acupuncture in re-
ducing pain. Thus it was concluded that acupuncture has
a powerful placebo effect. Whether or not it generates
specific therapeutic effects was deemed uncertain.

Conclusion

These systematic reviews collectively provide tantalis-
ing but not convincing evidence for acupuncture’s pain
reducing effects. The evidence is limited primarily by
the paucity of studies and their often low methodologi-
cal quality. The scarcity of research funds in this area is
likely to perpetuate these problems. Since acupuncture
is arelatively safe therapy (Ernst and White 2001), it de-
serves to be investigated in more detail and with more
scientific rigour, e.g. using the novel sham needle de-
vices (Park etal. 2002; Streitberger and Kleinhenz 1998)
that have recently become available.

» Acupuncture Mechanisms
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Definition

» Acupuncture is a traditional Chinese therapeutic
method for the treatment of different symptoms in-
cluding pain. Thin, solid needles are inserted into
proposed specific points on the body, called acupunc-
ture points. The needles are inserted through the skin to
varying depths, often into the underlying musculature.
The needles are often twirled slowly for a short time,
30-60 s and may be left in place for a varying time,
2-30min. Many modifications of the method have been
described and the concept of acupuncture is not well
defined. The method of applying electrical stimulation
via acupuncture needles, » electro-acupuncture (EA),
was introduced in 1958.

The treatments are usually applied in series of 8—12 ses-
sions, each treatment lasting 20-30 min and separated
by ¥2-2 weeks. Needling is often performed with some
needles near the source of pain (called local points),
and some other needles on the forearms and lower legs
(called distal points).

Common Clinical Observations
Concerning Therapeutic Acupuncture for Chronic Pain

After the first few acupuncture treatments there may
be some hours of pain relief or nothing at all happens.
Often pain relief starts 1-2 days after treatment. Some
patients even get worse and have a temporary aggrava-
tion of their symptoms for some days before they start to
improve. This aggravation can be seen for 2-3 days or
even for a week. For those responding to acupuncture,
usually both the degree and duration of the pain relief
increase after each treatment, a clinical observation
that has gained some experimental support (Price et al.
1984).

Acupuncture Is a Form of Sensory Afferent Stimulation

As acupuncture needles are inserted into the tissue and
mostly down to the muscular layer, they excite receptors
and nerve fibres, i.e. the needles mechanically activate
somatic afferents. Other forms of afferent sensory stim-
ulation are trigger point needling or dry needling and
transcutaneous electrical nerve stimulation (» TENS)
as well as vibration. These methods may share some
common features concerning mechanisms of action. A
special method is painful sensory stimulation, which
has been used through the centuries, an idea that a
short but very painful stimulus would reduce pain.
These methods have been called “» counter irritation”
or “» hyperstimulation analgesia” and acupuncture is
sometimes regarded as such. However, it is important to
know that most patients who are treated with acupunc-
ture describe the procedure as relaxing and pleasant but
not painful.

The term » acupuncture analgesia (AA) was used for
electro-acupuncture (EA) used to get powerful and im-
mediate pain relief during surgery, first used in China in
1958 but not described until 1973 (Foreign Languages
Press, Beijing 1973). A success rate of 90% was claimed
among those selected for the method. However, it soon
became clear that only a minority of patients could
develop so strong an analgesia as to tolerate surgery.
Less than 10% of the patients showed a satisfactory
response in acupuncture trials (Bonica 1974). Among
these 10%, only one third had acceptable analgesia ac-
cording to Western standards. Even so, patient selection
and psychological preparations were crucial and often
combinations with local anaesthetics or other drugs
were used.

Felix Mann (1974)reported 100 observations on patients
receiving AA. In only 10% of the experiments was the
resulting analgesia considered adequate for surgery. He
emphasised, that in » therapeutic acupuncture (TA) to
treatdifferent symptoms, amild stimulus was all that was
usually required. This was in contrast to that needed to
obtain AA where the stimulation had to be continued for
atleast20 min and had to be painful to the maximum level
the patient could tolerate. He concluded that usually, the
stimulus required to achieve AA was so intense that the
resulting pain would be unacceptable to most Western
patients. For the main differences between AA and TA,
see Table 1.

Characteristics

The proposed AA effect on surgical pain initiated
physiological research where the goal was to find an
explanation for immediate and very strong analgesia.
Consequently, physiological research during the last
25-35 years has concentrated on explaining a phe-
nomenon that may only exist in about 3—10% of the
population and that may have little in common with
therapeutic acupuncture.
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Acupuncture Mechanisms, Table 1 Differences between acupuncture
analgesia and therapeutic acupuncture

Acupuncture Analgesia Therapeutic Acupuncture

Immediate and strong hypoalge-  Immediate hypoalgesia is not
sia is the goal. the goal.

Fast onset (minutes) Slowly induced symptom relief
after a number of treatments.
The effects gradually increase

after additional treatments.

Short-term = minutes Long-term = days-weeks-

months

The stimulation is felt rather
weakly. It is rarely painful and
often relaxing.

The stimulation is felt very
strongly. It is often painful and
uncomfortable.

Used most often in different phys-
iological experiments and for sur-
gical hypoalgesia.

Often electro-acupuncture and
pain threshold experiments on
humans or animals.

Used for clinical pain relief and
other symptom relief.

Most often manual
acupuncture but can also be
electro-acupuncture.

The experimental acupuncture research has concen-
trated on very short-term effects (after a single treat-
ment of EA) where pain thresholds and / or central
neurochemicals (mostly endorphins) have been mea-
sured. The research groups have mostly used conscious
animals where no special care has been taken to rule
out stress-induced analgesia (» SIA) (Akil et al. 1984).
In some studies it is explicitly noted that the animals
showing obvious signs of discomfort during EA also
had pain threshold elevations, but that this was not the
case for those who were not distressed (e.g. Bossut and
Mayer 1991; Galeano et al. 1979; Wang et al. 1992).

Conclusions from the Existing Acupuncture Experimental Data

Most acupuncture research on animals has been per-
formed using (strong) EA, even though human thera-
peutic acupuncture is most often performed with gentle
manual acupuncture. Much of the animal research on
acupuncture probably only shows the consequences of
nociceptive stimulation and the activation of » SIA and
» DNIC. When manual acupuncture has been used in
animal research, no pain threshold elevation has been
described.

Pain threshold elevation in humans only seems to occur
if the stimulation is painful and does not correspond at
all with the clinical outcome after therapeutic acupunc-
ture. Endorphins are partially involved in acupuncture
analgesiain humans. Thus, AA in humans is believed to
rely both on opioid and non-opioid mechanisms. How-
ever, whether endorphins are involved both locally (in
the tissues) and within the central nervous system is not
known (Price and Mayer 1995). Thus, the hitherto per-
formed experimental acupuncture mechanism research
isreally only valid for acupuncture analgesia and not for
therapeutic acupuncture.

Acupuncture Mechanisms -
the Standard Neurophysiological Model

Several physiological mechanisms have been suggested
to account for the pain relieving effect of acupuncture.
Spinal and supraspinal endorphin release has been
proposed, as has the activation of DNIC (diffuse nox-
ious inhibitory control) through bulbospinal paths. The
involvement of neurochemicals like serotonin, nora-
drenalin and different endorphins as well as hormones
like ACTH and cortisone has been studied in detail.
Acupuncture physiology is often summarised in the fol-
lowing manner (Han 1987; Pomeranz 2000):

For acupuncture needles inserted within the segment of
pain:

e Spinal gate-controlmechanism (involvingenkephalin
and dynorphin)

For extrasegmental acupuncture:

e Activation of midbrain structures (PAG) and the
descending pain relieving system (involving endor-
phins, serotonin and noradrenaline).

e Diffuse noxious inhibitory control (DNIC) is some-
times claimed to be involved.

e Activation of the HPA-axis (hypothalamic-pituitary-
adrenal) with increased levels (in the blood) of
B-endorphin and ACTH / cortisone.

Problems with the Standard Neurophysiological Model
to Explain Clinical Observations

The model can only explain very short-term pain relief
after each stimulation period. The gate-control mecha-
nism is only active during stimulation and the descend-
ing inhibitory system for up to perhaps 8 h.

The model cannot explain why, in some patients, pain
relief starts some days after the treatment whether the pa-
tient is first worse or not. The gate-control does not start
some days after the stimulation and that does not hold
for the descending pain inhibitory systems either. The
model cannot explain why there seems to be more pro-
longed pain relief after additional treatments and why
there seems to be long-term pain relief after a course
of 8—12 treatments. Probably, the standard neurophysio-
logical model can explain AA, buteven soit should be re-
alised that AA is mostly painful stimulation — and, if the
gate-control mechanisms are implicated, then the stimu-
lation should be non-painful. For asummary of probable
acupuncture mechanisms for both TA and AA see Table
2 below.

Acupuncture Efficacy

In chronic pain patients the improvements are often
incomplete with symptom relief for weeks or months.
From the first Western descriptions of acupuncture, ef-
ficacy was claimed for a lot of different conditions, but
mainly for musculoskeletal pain, headaches and nausea.
Depending on the technique and the criteria employed,
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Acupuncture Mechanisms, Table 2

Summary of probable mechanisms

for acupuncture Usual clinical use

Therapeutic acupuncture: mostly gentle manual

Acupuncture Analgesia: high intensity
electro-acupuncture

Physiological experiments and
surgical analgesia

Local events in the tissue
(Local needles)
neuropeptide release.

These can act as trophic factors (e.g. regeneration of glands).

Axon reflexes in the tissue around needles and deeper
through dichotomising fibres giving increased circulation and

Tissue trauma around the needles giving
rise to more local pain (CGRP in higher
doses has pro-inflammatory actions).
Increased local pain for some days.

They can also have anti-inflammatory effects (like low dose

of CGRP).

Perhaps also release of local endorphins to local receptors.

Segmental mechanisms and somato-
autonomous reflexes
(Regional needles)

Central mechanisms
(Distal, regional and some local nee-

Gate mechanism and perhaps long term depression (LTD).
Sympathetic inhibition with increased segmental circulation.

Sympathetic inhibition. Decreased levels of stress hormones,
adrenaline and cortisone in plasma.

dles) Probably oxytocin is involved and induces long-term pain
threshold elevations and anti-stress effects.

(Gate mechanism) and perhaps LTD.
Sympathetic stimulation with decreased
segmental circulation.

Sympathetic stimulation. Increased
levels of the stress hormones, ACTH,
adrenaline and cortisone in plasma.
DNIC is activated. Descending pain
inhibition from PAG with endorphins,
serotonin and noradrenaline.

20—40% of patients in pain clinics have been said to
benefit from acupuncture. In primary care or private
clinics, where experienced practitioners choose who
and what they treat, 60—70% of the patients have been
reported to benefit. Because of inherent study design
problems, especially with double blinding and the use
of a proper placebo, the meta-analyses and systematic
reviews are very difficult to interpret. However, from
clinical research, in which the author has been involved,
the conclusion has been drawn that clinically relevant
long-term (> 6 months) pain relief from acupuncture
can be seen in a proportion of patients with chronic
nociceptive pain (Carlsson and Sjolund 1994; Carlsson
and Sjolund 2001). For a full reference list to all sections
of this chapter see (Carlsson 2002).
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Acupuncture-Like TENS

Definition

The delivery of TENS to generate activity in small diam-
eter Group III muscle afferents, leading to the release of
opioid peptides in a similar manner to that suggested for
acupuncture. TENS is administered using low frequency
train (1-4 Hz) bursts (5-8 pulses at 100Hz) at a high,
but non-painful, intensity to stimulate selectively large
diameter muscle efferents. This results in a ’strong but
comfortable’ muscle twitch that elicits Group Il muscle
afferent activity.
» Transcutaneous Electrical Nerve Stimulation Out-
comes
» Transcutaneous Electrical Nerve Stimulation (TENS)
in Treatment of Muscle Pain
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|
Acute Experimental Monoarthritis

» Arthritis Model, Kaolin-Carrageenan Induced Arthri-
tis (Knee)

|
Acute Experimental Synovitis

» Arthritis Model, Kaolin-Carrageenan Induced Arthri-
tis (Knee)

|
Acute Inflammatory Demyelinating
Polyneuropathy

» Guillain-Barré Syndrome

|
Acute Ischemia Test

» Tourniquet Test

|
Acute Knee Joint Inflammation

» Arthritis Model, Kaolin-Carrageenan Induced Arthri-
tis (Knee)

|
Acute Lumbago

» Lower Back Pain, Acute
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Synonyms

Pediatric Post-Surgical Pain; Acute Post-Operative Pain
in Children

Definition

Children who have surgery experience significant
postoperative pain for several days. Appropriate pain
management should be initiated in the immediate
post-operative period and continue until the pain re-
solves, whether the child is at home or in the hospital.
Surgical traumaresults from tissue destruction and mus-
culoskeletal strain that causes the release of vaso- and
immuno-reactive substrates that promote inflammation,
hyperpermeability and pain.

Ineffective pain management increases the incidence
of postoperative behavioral disorders in children and
the risk of developing persistent or neuropathic pain.
In preterm infants and neonates, this effect may be
compounded by the lack of descending inhibitory path-
ways and enhanced neuroplasticity resulting in more
extensive, persistent effects (Tachibana et al. 2001).
Despite advances in the management of post-operative
pain, nearly 70% of patients experience moderate or
severe pain after surgery (Apfelbaum et al. 2003).
Effective post-surgical pain management reduces the
stress response to surgery, promotes respiratory func-
tion, improves wound healing and permits faster return
to normal functioning. Surgical invasiveness correlates
with the intensity and duration of postoperative pain
and analgesic requirements. As surgical invasiveness
increases, the interventions employed to manage it
escalate.

Characteristics

Good pain management begins with informative
preoperative teaching regarding the nature of the
surgery, the anticipated level and duration of dis-
comfort and strategies for reducing pain. This is
particularly important as more children experience
ambulatory surgery that requires parents to manage
pain at home. Parents may fail to administer pre-
scribed analgesics due to fear of side effects, addic-
tion or difficulty with administration. Preoperative
teaching, improves parental compliance with pre-
scribed analgesic dosing and patient comfort post-
operatively (Greenberg et al. 1999). Complementary,
non-pharmacological techniques taught preoperatively
also reduce anxiety and postoperative pain (Huth et al.
2004).

Postoperative Pain Management
Following Ambulatory Surgery

» Local anesthetics improve immediate postoperative
comfort and hasten transition through the recovery
process. A » field block, » installation block or direct
peri-neural infiltration (> peri-neural injection) are
the safest and easiest analgesic techniques available.
Common peripheral nerve blocks employed in children
include the ilioinguinal and iliohypogastric nerve block
for inguinal herniorrhaphy, » penile block for circum-
cision or phallic surgery, femoral, or the » fascia iliaca
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Why Should We Aim to Optimise the Management
of Acute Pain?

Post-operative pain is a major marker of peri-operative
morbidity and mortality and its effective treatment
should be a goal in every hospital and institution. We
should all aim to control pain, not only for humanitar-
ian reasons, but also to attenuate the psychological and
physiological stress with which it is associated follow-
ing trauma or surgery. While it is now recognised that
adequate pain control alone is not sufficient to reduce
surgical morbidity, itremains animportant variable and
one that is perhaps more readily controlled (Kehlet and
Holte 2001).

Adequate managementof post-operative painis vital to
attenuate the stress response to surgery and the accom-
panying pathophysiological changes in metabolism,
respiratory, cardiac, sympathetic nervous system and
neuro-endocrine functions. These effects (summarised
in Neuroendocrine and metabolic responses to surgery
after NH&MRC 1999) are wide ranging and have sig-
nificant impact on homeostasis. Effects on the respi-
ratory system are most prominent, as persistent pain
will result in a reduction in respiratory effort that then
leads to hypoxaemia from significant ventilation / per-
fusion mismatching. Continuing hypoventilation pre-
disposesto collapse of lung segments and the superven-
ing infection that follows carries significant morbid-
ity. Psychological and behavioural changes (e.g. yel-
low flags) also accompany pain states and may need to
be recognised and managed. Not only will proper man-
agement of post-operative pain result in greater patient
comfort and earlier discharge home, but the improved
earlier mobilisation and return to function will also re-
duce serious post-operative complications such as ve-
nous thromboembolism.

Neuroendocrine and Metabolic Responses to Surgery
(after NH & MRC 1999)

Endocrine

e Catabolic — Due to increase in ACTH, cortisol,
ADH, GH, catecholamines, renin, angiotensin II, al-
dosterone, glucagon, interleukin-1

e Anabolic — Due to decrease in insulin, testosterone

Metabolic

e Carbohydrate — hyperglycaemia, glucose intoler-
ance, insulin resistance

e Due to increase in hepatic glycogenolysis
(epinephrine, glucagon) —gluconeogenesis (cor-
tisol, glucagon, growth hormone, epinephrine, free
fatty acids)

e Due to decrease in insulin secretion / action

e Protein —muscle protein catabolism, increased syn-
thesis of acute-phase proteins

e Due to increase in cortisol, epinephrine, glucagon,
interleukin-1

e Fat — increased lipolysis and oxidation

e Due to increase in catecholamines, cortisol,
glucagon, growth hormone

e Water and electrolyte flux — retention of H,O and
Na', increased excretion of K*, decreased func-
tional extracellular fluid with shifts to intracellular
compartments

e Due to increase in catecholamines, aldosterone,
ADH, cortisol, angiotensin II, prostaglandins and
other factors

However, despite the emergence of pain management
as a specialty and the availability of a wide range of
guidelines and templates for effective analgesia, pain
continues to be poorly managed. Why this should be
the case is a difficult question to answer, although there
is clearly a wide range of possibilities (Cousins and
Phillips 1986; Macintyre and Ready 1996).

As can be seen from “Reasons for ineffective analgesia
(after NH&MRC 1999)”, in some cases it may be sim-
ply the result of inadequate knowledge or equipment,
but sometimes there can be more disturbing reasons.
Macintyre (2001) has pointed out that some health ser-
vice personnel are still concerned that pain relief can
be ‘too efficacious’ and thereby mask post-operative
complications such as urinary retention, compartment
syndrome or even myocardial infarction. Another bar-
rier to providing effective analgesia is a view held in
some quarters that maintaining the patient in pain is
somehow a useful way to aid diagnosis —a concept that
with no valid scientific basis (Attard et al. 1992; Zolte
and Cust 1986).

Reasons for Ineffective Analgesia (After NH & MRC 1999)

e Thecommonideathatpainis merely asymptomand
not harmful in itself

e The mistaken impression that analgesia makes ac-
curate diagnosis difficult or impossible

e Fear of the potential for addiction to opioids

e Concerns about respiratory depression and other
opioid related side effects such as

e nausea and vomiting

e Lack of understanding of the pharmacokinetics of
various agents
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e Lack of appreciation of variability in analgesic re-
sponse to opioids

e Prescriptions for opioids, which include the use of
inappropriate doses and / or dose intervals.

e Misinterpretation of doctor’s orders by nursing
staff, including use of lower ranges of opioid doses
and delaying opioid administration

e The mistaken belief that patient weight is the best
predictor of opioid requirement

e The mistaken belief that opioids must not be given
more often than 4 hourly

e Patients’ difficulties in communicating their need
for analgesia

Mechanisms in Acute Pain

The manner in which pain signals are processed and
modulated is a complex topic that is covered in de-
tail elsewhere. However the following brief overview
is provided as a background to the sections that follow.
The traditional view of the processing of pain inputs is
that they are first detected through non-specific poly-
modalnociceptors thatrespond to arange of stimuli, in-
cluding thermal, chemical and mechanical alterations.
It is a process designed to alert us to tissue damage.
These inputs are then transmitted by A delta and C type
fibres to the spinal cord at speeds of between2 m/ s in
the case of the C type fibres and 10 m / s in the myeli-
nated A delta fibres.

These peripheral nerves terminate in the dorsal horn
of the spinal cord where they undergo considerable
modulation both via neurotransmitters present at that
site and through the action of descending tracts from
higher centres, which usually have an inhibitory role.
Following modulation, the nociceptive impulse is fi-
nally transmitted through tracts to supraspinal sites. Al-
though a number of links are involved, the spinothala-
mic tract is perhaps the most prominent.

Having given this outline, it is now accepted that our
nervous system is a “plastic” environment where stim-
uli or trauma in any one part of the body can in-
voke change within other body systems, especially
that of the nervous system (Cousins and Power 1999).
Changes in nerve function are particularly important
and this plasticity can lead nerve fibres whose physi-
ological role is not normally to transmit pain signals
to act as nociceptors. For example, while A delta and
C fibres are traditionally seen as primary nociceptive
fibres, A beta fibres can become nociceptive under cer-
tain circumstances.

Coincident with this is the development of peripheral
sensitisation. Trauma or other noxious stimuli to tissue
results in a neurogenic inflammatory response that in
turn leads to vasodilation, increased nerve excitability
and the eventual release of arange of inflammatory me-
diators such as serotonin, substance P, histamine and

cytokines —the so called sensitising soup. This altered
environment leads to a modification in the way that in-
put signals are processed with innocuous stimuli being
sensed as noxious or painful stimuli, leading to the phe-
nomena of » hyperalgesia.

The Scope of Acute Pain Management

Acute pain management has developed into a sub-
specialty in its own right during the last decade with an
ever-increasing range of activities. In the hospital set-
ting, the major role of the acute pain team is in the area
of post-operative pain management in the surgical pa-
tient, although their involvement must not be limited to
these patients. In patients with burns, appropriate pain
management will help in optimising pain control both
in the early stages where skin grafting and debridement
are being carried out and later when the patient requires
assistance toundergo physiotherapy. In the patient with
spinal cord injury, the initial phase following the injury
is often complicated by acute neuropathic pain where
early intervention is critical, while in the oncology pa-
tient, acute pain can complicate therapy, as in the pa-
tient who develops mucositis as acomplication of treat-
ment.

Providing Comprehensive Acute Pain Management

Acute and post-operative pain is best managed by an
acute pain team and there are a number of structural
models of how these are best setup and operated (Rawal
and Allvin 1998). While many are headed by consul-
tant anaesthetists, this is not always the case and of-
ten the day to day running of the team is managed by
a specialist pain nurse, with medical staff used only
for back up when necessary. Acute pain teams need to
have clearly defined guidelines and major goals, which
will be dictated in part by their institution and circum-
stances (see Clinical practice guidelines for Acute Pain
teams, Cousins and Power 1999). Irrespective of how
the team is organised there must be an efficient method
of referral of patients either from the operating theatre
or from the various surgical teams.

Clinical Practice Guidelines for Acute Pain Teams
(Cousins and Power 1999)

Guidelines

e A collaborative, interdisciplinary approach to pain
control, including all members of the healthcare
team and input from the patient and the patient’s
family, when appropriate. An individualised proac-
tive pain control plan developed preoperatively by
patients and practitioners (since painis easier to pre-
vent than to treat)

e Assessment and frequent reassessment of the pa-
tients pain
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e Use of both drug and non-drug therapies to control
and / or prevent pain

e A formal, institutional approach, with clear lines of
responsibility

Major Goals

e Reduce the incidence and severity of patients’ post-
operative or post-traumatic pain

e Educate patients about the need to communicate re-
garding unrelieved pain, so they can receive prompt
evaluation and effective treatment

e Enhance patient comfort and satisfaction

e Contribute to fewer postoperative complications
and, in some cases, shorter stays after surgical pro-
cedures

Where possible, the pain team should also be involved
in» pre-operative education of theelective surgical pa-
tient. At such a meeting, the patients’ fears and anxi-
eties about pain should be addressed, as there is consid-
erable evidence to suggest that patients who have the
opportunity to speak about their concerns about post-
operative pain prior to surgery do better and use less
medication that control groups. A number of studies
have consistently pointed out that pain is usually the
major fear of patients undergoing surgery. During pre-
operative assessment, at least in the elective patient, it
is important to obtain a full medication history espe-
cially inrelation to use of analgesic agents and the dura-
tion of such therapy. Tolerance to opioids can develop
quickly and identifying patients who attend for surgery
with a history of oral opioid use is important, as they
will most likely have different analgesic requirements
when compared to the opioid naive individual.

The acute pain team also needs to be responsible for the
overall post-operative management of the patient. This
includes ensuring that regular monitoring and record-
ing of physiological parameters occurs. Details such
as oxygen saturation, respiratory rate and pain sta-
tus need to be recorded regularly and reviewed. Pain
scores can be recorded either numerically or by de-
scriptors. It is important to record pain levels both at
rest and on movement, since treatment strategies for
these problems will differ. Movement pain in partic-
ular is better treated with adjuvant agents rather than
opioids.

Accuraterecording of physiological datain patients be-
ing treated for acute pain is mandatory. Sedation scores
and respiratory rate are important in reducing the in-
cidence of opioid induced toxicity. Pain management
records or electronic data apparatus should also allow
for the recording of any associated » adverse events
(such as nausea and vomiting) and record data in a
form allowing regular or on-going » audit. Such au-
dits of acute pain patients should, where possible, al-

low not only for examination of the parameters already
described but also for » outcome measures. The acute
pain team should supervise the transition from a par-
enteral to an oral analgesic regime. Likewise, mem-
bers of the acute pain service must recognise when a
patient might be suffering a » Persistent Acute Pain
state orundergoing transition froman acute to achronic
pain state and need referral to chronic pain special-
ists.

Post-operative care also involves being alert for warn-
ing signs, so called “» red flags” that might indicate
developing complications of the surgery or trauma. In
patients previously well controlled using a particular
analgesic regime, continuing episodes of unexpected
pain requiring increasing doses of medication should
alert the practitioner. Under these circumstances, an
investigation should be made to elicit the cause of
these events, which might be a result of complications
of surgery or trauma. This should be diagnosed and
treated directly, rather than merely increasing doses of
analgesic drugs (Cousins and Phillips 1986).

Pre-emptive Analgesia

Much has been made of the usefulness of » pre-
emptive or preventive analgesia. The concept of pro-
viding analgesia prior to a surgical stimulus and thus
reducing » central sensitisation seems to be a logical
and useful proposition and generated a great deal of
initial enthusiasm (Dahl and Kehlet 1993; Woolf and
Chong 1993). Unfortunately, subsequent controlled
trials have failed to consistently demonstrate that any
of the commonly used strategies are effective in re-
ducing post-operative pain or analgesic use. These in-
clude the pre-operative administration of opioids, non-
steroidal anti-inflammatory drugs and the provision of
local analgesic neural blockade (Gill et al. 2001; Pod-
der et al. 2000; Uzunkoy et al. 2001). Much research
has been conducted in an effort to ascertain the reasons
for this (Charlton 2002; Kehlet 1998; Kissin 1996).
Some hypotheses that have been advanced include the
suggestion that when local anaesthesia is employed
in a pre-emptive setting, any failure to provide com-
plete blockade will still allow sensitisation to occur
(Lundetal. 1987). Another possibility is the timing be-
tween placement of the blockade and the commence-
ment of surgery is critical, with a time interval of at
least 30 min being required between drug administra-
tion and surgery (Senturk et al. 2002). One question
that has not been fully answered is whether the use of
pre-emptive analgesia might lead to a reduction in the
number of patients progressing from acute to chronic
pain states. Early studies such as that of Bach et al.
(1988) suggested that this may well be the case and
this has been supported by more recent reports (Obata
et al. 1999).
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Treatment Strategies — General

The principles of management of acute nociceptive
pain are generally » multi-modal. This implies us-
ing a number of agents, sometimes given by differ-
ent routes, to maximise pain control. While pain con-
trol after some minor procedures can be controlled
by non-opioids alone, opioids remain the main stay
of moderate to severe pain management. The use of
combinations of » adjuvant analgesics also known as
» balanced analgesia, allows for a reduction in opioid
dosage and thus side effects, which can be useful in
managing some aspects of pain that can be less respon-
sive to opioids alone.

With regard to the selection of a route of drug admin-
istration, whilst the use of the oral route might initially
seem easiest, it is rarely used in the first instance. The
variable bioavailability of oral products coupled with
post-operative attenuation of gastrointestinal function
and the possibly of superimposed vomiting, makes this
route a poor choice initially. Parenteral administration
isusually called for and the intravenous route is the pre-
ferred route of administration, often using » patient
controlled analgesia (PCA) devices.

Patient Controlled Analgesia

PCA, as ameans of drug administration has to a degree
revolutionised modern pain management. Although
purchase of the devices represents a significant finan-
cial outlay, there are savings to be made in terms of
medical and nursing staff time, as well as less tangi-
ble benefits, such as reducing the number of needle
stick injuries for example. Importantly, patients gen-
erally feel positive about using PCAs (Chumbley et
al. 1999), with most studies suggesting that the feel-
ing of “being in control” was the most common rea-
son for the high level of satisfaction (Albert and Tal-
bott 1988). However, despite anumber of inbuilt safety
mechanisms, overdosage can still occur with these de-
vices, and strict post-operative monitoring is impera-
tive (Macintyre 2001). While the intramuscular route
can be used for intermittent analgesia, the pharmacoki-
netics are often unattractive, requiring repeated injec-
tions. Furthermore, intramuscular analgesiais most of-
ten prescribed on a p.r.n. or “as required” basis, which
perforce implies that the patient must be in a pain state
before they request the medication — a situation that
should be avoided. Finally, every intramuscular (or in-
deed subcutaneous) injection given presents a possibil-
ity for a needlestick injury to occur — another situation
best avoided.

Epidural Analgesia

Much has been written about the risks and benefits as-
sociated with the use of epidural analgesia in the post-

operative period and interpreting the results of these
myriad studies conducted under varying circumstances
is extremely difficult. There is no doubt that epidural
analgesia provides a number of real advantages. It al-
lows the use of drug combinations, which can be de-
livered close to appropriate receptor sites in the spinal
cord (Schmid et al. 2000), it reduces the requirements
of opioid analgesics (Niemi and Breivik 1998) and gen-
erally allows for a faster return of physiological func-
tion, especially gastrointestinal and respiratory status
in the post-operative period. The degree to which this
occurs appears to be dependent, at least in part, on the
nature of surgery performed (Young Park et al. 2001).
However, more recently, despite the fact that there
are considerable benefits associated with the use of
epidural infusions, attention has focussed on the na-
ture and incidence of complications associated with
epidural infusions (Horlocker and Wedel 2000; Rigg
etal. 2002; Wheatley etal. 2001). These complications
can range from local or systemic infection through to
haematoma formation and local or permanent neuro-
logical sequelae. The rates of the most serious compli-
cations of permanent nerve defects or paraplegia are
quoted as between 0.005 and 0.03% (Aromaa et al.
1997; Dahlgren and Tornebrandt 1995). Again anal-
ysis of these data is difficult because of the number of
variables involved. For example there is growing evi-
dence that those people who develop epidural neuro-
logical complications frequently have significant pre-
existing pathologies, which may predispose them to
such complications. Lastly, there has been consider-
able debate about guidelines for epidural placement
and removal in patients undergoing peri-operative anti-
coagulation. This is especially so when fractionated or
low molecular weight heparin products are employed,
because of the possibility of increased risk of devel-
opment of epidural haematoma under these circum-
stances. Again, the evidence is conflicting (Bergqvist
et al. 1992; Horlocker and Wedel 1998). Patient con-
trolled epidural analgesia is a means of pain man-
agement that combines the efficacy of epidurally ad-
ministered drugs with the convenience of patient con-
trol.

Intrathecal Analgesia

The intrathecal route of drug administration can be use-
ful both as a means of providing anaesthesia and for
post-operative analgesia. Both opioids and local anaes-
thetic agents have been administered by this route.
While the use of low doses of less lipophilic agents
such as morphine is popular and gives prolonged post-
operative care, the use of this route is not without risk,
as there has been a rise in the number of cases of tran-
sient neurological symptoms following lignocaine use
(Johnson 2000).
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Pharmacotherapies

Opioids

Withregardtothe » opioids, therehasbeen anincrease
bothin therange of drugs available and in theirroutes of
administration. The traditional range of opioids such as
morphine, pethidine and fentanyl has been augmented
by drugs suchas » oxycodone and » hydromorphone.
None of these drugs are actually “new”, having been
synthesised in some cases almost 100 years ago, but
rather they have been re-discovered

by a new generation of prescribers. Oxycodone in par-
ticular is available in a sustained release form that ex-
hibits a useful biphasic pharmacokinetic profile. The
role of pethidine (meperidine) in modern pain manage-
ment continues to be problematic. While it still has a
place under certain circumstances, it should be avoided
as an agent for longer-term use, owing to its appar-
ently increased abuse potential and the risk of accumu-
lation of the excitatory metabolite norpethidine. The
increased opioid armamentarium has also given scope
for » opioid rotation. Although this is a strategy pri-
marily associated with chronic pain management, pa-
tients can develop a degree of tolerance to opioids even
after a few days. Where continued opioid treatment is
needed for whatever reason, switching opioids often
results in enhanced pain control, often together with a
reduction in dosage. Methadone is an interesting drug,
which has generated some recent interest. Its unusual
pharmacokinetic profile, with along and unpredictable
half-life of up to 72 h, makes it impracticable for use in
the very early stages of acute pain. However it can be
used in later stages where a long acting oral productis
preferable. That the drug has activity at the NMDA re-
ceptor as well as the mu opioid receptor is well known.
Howeverithas always beendifficultto assess to what, if
any, extent this contributes toits analgesic effectand the
fact that it has been shown to be of benefit in the treat-
ment of other pain states such as phantom limb pain
(Bergmans et al. 2002).

Non-Opioids

The non-opioids are a diverse group of drugs with dif-
fering modes of action and means of administration.
Most show clear synergism with the opioids. Members
of this group include tramadol, the non-steroidal anti-
inflammatory drugs (NSAIDS), COX-2 inhibitors and
ketamine.

Paracetamol

» Paracetamol should be almost the universal basis of
acute and post-operative pain control. A number of well
controlled trials have clearly demonstrated that regular
paracetamol, when giveninadose of 1 gmq.i.d. clearly
reduces opioid requirements by up to 30%. Side effects
are minimal and the drug is very well tolerated. In most

countriesitis available in both oral and rectal forms and
in a small number a parenteral pro-drug propacetamol
is also available.

The only real contraindication to the prescribing of
paracetamol is impaired hepatic function, where the
drug is probably best avoided. Much work has also
been done on the efficacy of other drugs given in com-
bination with paracetamol. In general, the analysis
of trial data suggests that while the combination of
codeine phosphate (60 mg) has benefits over paraceta-
mol alone, the use of paracetamol with lower quantities
seems to confer little benefit. Likewise, although the
combination of paracetamol with dextropropoxyphene
is widely used to treat more severe pain, many trials
suggest that it too has little to offer above paracetamol
alone.

Tramadol

Tramadol is unique amongst analgesic agents in having
adual action. Its main activity probably lies in enhanc-
ing the action of noradrenaline and 5-hydroxytrypt-
amine at the spinal cord level, while it also has a very
weak agonist activity at the mu receptor at supraspinal
sites. Tramadol is a very useful drug for the manage-
ment of mild to moderate pain and the fact that it can
be given orally or by the intravenous or intramuscular
routes further adds to its versatility. Its low addiction
potential makes it a good choice for long-term use. Be-
cause of risk of precipitating serotonin syndrome, tra-
madol is probably best avoided in combination with
many of the different anti-depressant medications, es-
pecially the SSRIs, although in clinical practice the real
risk seems quite low. Recent studies have confirmed
that it possesses significant synergy when combined
with paracetamol and indeed a combination product is
now available in some countries (Fricke et al. 2002).
There are few studies available on the usefulness of
combination of tramadol with opioids, although initial
results appear encouraging (Webb et al. 2002).
Tramadol is also attractive because of its low abuse
potential. Certainly in comparison to strong opioids,
the incidence of abuse, dependence and withdrawal is
considerably lower (Cicero et al. 1999). However a
number of such cases have been reported, almost all
of which were in patients with a pre-existing history of
drug or substance abuse (Brinker et al. 2002; Lange-
Asschenfeldt et al. 2002).

In the management of post-operative pain, all ef-
forts should be made to reduce the incidence of post-
operative nausea and vomiting, which is not only un-
comfortable for the patient, but an can also lead to fluid
imbalance, impaired respiratory function and elec-
trolyte disturbances. In this regard the use of tramadol
is somewhat problematic, as the incidence of nausea
and vomiting is at least as high as with opioids (Sil-
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vasti et al. 2000; Stamer et al. 1997). However, some
strategies have been suggested to attenuate this re-
sponse including administration of an intra-operative
loading dose (Pang et al. 2000) and slow IV adminis-
tration (Petrone et al. 1999). Should management of
tramadol induced nausea and vomiting require phar-
macological intervention, recent studies suggest that
members of the butyrophenone class such as droperi-
dol mightbe abetter choice than SHT3 antagonists such
as ondansetron, which might not only be less effective,
but also antagonise tramadol’s analgesic effects.

Non-Steroidal Anti-Inflammatory Drugs

» NSAIDs, Survey (NSAIDs) are widely used in acute
pain management (Merry and Power 1995). While
they may be used as the sole agent in mild pain, they
are primarily employed as adjunctive medications in
combination with opioids in moderate to severe pain
states. Here their action both at central and peripheral
sites complements opioid activity and they are espe-
cially useful in the management of pain associated with
movement. There have always been concerns associ-
ated with the use of NSAIDs in the surgical patient be-
cause of the risk of the development of serious compli-
cations, especially renal impairment. However, care-
ful patient selection and monitoring, the use of a prod-
uct with a short half-life and restricting the duration of
treatment to about 3 days greatly reduces the danger.
The discovery of the two isoforms of the cyclo-
oxygenase (COX) enzyme has more recently led to the
development of COX-2 specificinhibitors such as cele-
coxib and rofecoxib, with the aim of developing po-
tent NSAIDs without significant associated gastroin-
testinal side effects. The majority of studies on these
drugs have been conducted in outpatient populations
and whether they offer any advantage over traditional
NSAIDs in the management of post-operative pain is
unclear. Even more recently, a parenteral COX-2 in-
hibitor (parecoxib) has been developed specifically for
the management of post-operative pain and initial re-
sults of studies are encouraging.

Unfortunately, the cardiovascular safety of these prod-
ucts has recently come under scrutiny that has re-
sulted in atleast one (rofecoxib) being withdrawn from
the market, owing to an increase in thrombo-embolic
events associated with its use (Solomon et al. 2004).
There is considerable discussion at present as to wheter
this constitutes an individual drug effect or a class ef-
fect. These setback have not however prevented the de-
velopment and release of other members of this group
with improved safety profiles.

Ketamine

» Ketamineis animportantsecond line drugin the pain
physician’s armamentarium. Well known as an anaes-

thetic agent, it has in the last decade or so found use
as an analgesic product when used in sub-anaesthetic
doses. The drug has some useful N-methyl-D-aspartate
(NMDA ) receptor antagonist activity and can also aug-
ment the action of opioids in the treatment of nocicep-
tive pain. The usual psychomimetic effects of the drug
are not usually a problem in the dosages employed, al-
though the development and release of the S(+) might
signal a resurgence in the interest of this drug.

Neuropathic Pain

Comprehensive acute pain management also entails
the recognition and management of » acute neuro-
pathic pain. Neuropathic pain is most frequently seen
as a sequela of long-term pathological states such as
diabetes or herpes zoster infection (Bowsher 1991).
However this is not always the case and acute neuro-
pathic pain can be seen immediately following surgi-
cal procedures where peripheral nerves have been dis-
rupted, such as in the » post-thoracotomy syndrome,
following specific events such as acute spinal cord in-
jury or as evidenced by » phantom limb pain fol-
lowing amputation. It is important to be alert for the
signs or symptoms of neuropathic pain in the acute or
post-operative phase (see Features suggestive of neu-
ropathic pain after NHMRC 1999). Failure to diagnose
such a condition will result not only in prolonged pain,
but also most probably in the patient being given in-
creasing doses of opioid medication in a futile effort
to control the condition (Hayes and Molloy 1997).

Features Suggestive of Neuropathic Pain
(After NH & MRC 1999)

e Paincanberelated to aneventcausing nerve damage
e Pain unrelated to ongoing tissue damage
e Sometimes a delay between event and pain onset

— The pain is described as burning, stabbing, puls-
ing or electric-shock like

— Hyperalgesia

— Allodynia (indicative of central sensitisation)

— Dysaesthesia

e Poor response to opioids

e The pain is usually paroxysmal and often worse at
night

e Pain persistsin spite of the absence of ongoing tissue
damage

Management of neuropathic pain can be complex and
much has been written on the usefulness of various pain
strategies. A wide range of drugs with differing phar-
macological targets such as » anti-convulsant medi-
cations, notably » gabapentin and » carbamazepine,
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» anti-depressants and » membrane stabilising agents
such as » Mexiletine/Mexitil have all been employed
with varying success. Local anaesthetics such as ligno-
caine have all been found to be useful, especially in the
acute case, where they can be administered as a sub-
cutaneous infusion.

Specific Acute Pain States

There are some acute pain states that have been sub-
ject to more extensive research and whose symptoma-
tology and pathogenesis follows recognised patterns.
These include acute lower back pain, pain following
chest trauma or thoracic surgery, compartment syn-
drome and the acute presentation of » complex re-
gional pain syndrome. There have also been significant
advances in our understanding of » acute pain mech-
anisms and the differentiation between visceral or so-
matic (deep or superficial) pain.

Summary

There have been anumber of significantimprovements
in the management of acute and post-operative pain
management during the past decade. To some degree
this has been helped by the emergence of new drugs
or, in some cases, whole new drug groups. However
in the main, advances in acute and post-operative pain
management have come about by recognising how to
manage pain better with existing drugs, focussing on
the use of drug combinations to maximise outcomes.
There has also been a greater appreciation of the impor-
tance of diagnosing acute neuropathic pain, requiring
a different approach. Those involved in pain manage-
ment have embarked on a virtual crusade in an effort
to convince health professionals that acute and post-
operative pain can be and must be appropriately and
successfully managed. Perhaps the mostimportant les-
son of all is an appreciation that all chronic pain must
start as acute pain. Appropriate management of acute
pain will therefore have the additional bonus of eventu-
ally reducing the worldwide burden of patients having
to suffer debilitating chronic pain states.
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compartment block for lower extremity procedures
and » digital nerve blocks for toe or finger procedures.
Peripheral nerve blocks provide analgesia of similar
duration compared to plexus or epidural injections. The
duration of the block is determined by the choice of
local anesthetic, regional blood flow and use of vaso-
constrictor (Table 1). Bupivacaine produces higher peak
plasma concentrations in infants than ropivacaine but
toxicity from these techniques is exceedingly low due
to slow systemic absorption.

» Brachial plexus blockade can provide analgesia fol-
lowing surgery of the hand and / or arm and shoulder.
The axillary approach (» axillary block) is most com-
mon in children and provides good analgesia of the
hand. For surgeries involving the arm or shoulder, an
» interscalene block or » infraclavicular block pro-
vides more reliable postoperative analgesia. The use
of interscalene and infraclavicular injections has been
limited in children, due to the risks of inadvertent neu-
ral or subarachnoid injections in anesthetized patients.
The introduction of stimulating catheters and ultra-
sound guided placement of continuous interscalene and
infraclavicular catheters may broaden their applica-
tion in children undergoing upper extremity surgeries.
Catheter techniques are considered safer when perform-
ing blocks on anesthetized patients, since catheters are
less likely to penetrate the neural sheath and inject with
difficulty when positioned within the nerve.

Single shot » caudal epidural blocks are frequently em-
ployed for ambulatory lower abdominal, genitourinary
and lower extremity surgeries. Bupivacaine 0.25% or
ropivacaine 0.2% without epinephrine provide anal-
gesia for 2-6 h and with the addition of 1:200,000
epinephrine 6—12 h. The inclusion of epinephrine im-
proves the safety of the technique by providing an
indicator for inadvertent intravascular or intraosseous
injection. The addition of clonidine 1-2 mcg kg~! to
the solution significantly prolongs the block but may
delay discharge due to excessive duration (Farrar and
Lerman 2002). Neuraxial morphine or hydromorphone
should not be used for ambulatory patients due to the
risk of delayed respiratory depression.

Systemic analgesic therapy must be initiated in order to
prevent severe pain (prior to resolution of a local anes-
thetic block). Nonsteroidal anti-inflammatory agents
(NSAIDs) and acetaminophen are the most commonly
employed analgesics for children following ambulatory
surgery. NSAIDs should be included in the analgesic
regimen unless contraindicated (see Contraindications
for the Use of NSAIDs) because they reduce the in-
cidence of opioid related side effects and improve
recovery characteristics and patient well being (Farrar
and Lerman 2002; Gan et al. 2004; Watcha et al. 2003).
In addition, they have been associated with a lower
incidence of post-surgical behavioral disturbances in
children (Kokki 2003).



Acute Pain in Children, Post-Operative 25

Acute Pain in Children, Post-Operative, Table 1 Local Anesthetic Maximal Recommended Doses and Usual Duration

Without epinephrine

Usual Duration w/ epinephrine

Concentration
[mgkg—"]
Chloroprocaine 1-2% 8
Procaine 1-2% 7
Bupivacaine 0.25-0.5% 2
Levo-bupivacaine 0.25-0.5% 2
Ropivacaine 0.2-0.5% 2
Lidocaine 0.5-2% 5
Mepivacaine 1-1.5% 5

w/ o epinephrine [mg kg—1]
V-1 10

V-1 8.5

4-12 (peripheral Nn) &

2—4 (s.c./epidural) 3

2-4 (s.c./epidural) &

1-2 7

1.5-3 6

Contraindications for the Use of NSAIDs

Renal Impairment

Liver Dysfunction

Hypovolemia

Thrombocytopenia

Hypotension

Coagulation Disorder

Active Bleeding

Hypersensitivity / Asthma precipitated by aspirin or
other NSAID

A variety of NSAIDs are available for oral, intravenous
and rectal administration (Table 2). Comparative trials
in children are lacking, however when administered
in appropriate doses little variation in their analgesic
efficacy is expected with the exceptions of ketorolac
and rofecoxib that appear to have stronger analgesic
properties (Kokki 2003; Watcha et al. 2003). The vol-
ume of distribution and clearance of the NSAIDs are
higher in children necessitating slightly higher or more
frequent dosing regimens. A ceiling effect limits effec-
tiveness of all NSAIDs. Children are less susceptible
to the gastrointestinal side effects of NSAIDs. Caution
is advised with renal impairment, asthma, dehydration
and bleeding diatheses (Kokki 2003).

Acute Pain in Children, Post-Operative, Table 2 Recommended Doses
and Routes of Administration of NSAIDs in Infants >3 months and Children

Frequency Max Prepa-
[h] Daily rations
Dose ET LT
[mg
kg~1]
Diclofenac  1mgkg~! 8-12 3 iv./pr/PO
lbuprofen  10mgkg~!  6-8 4 PO
Flurbiprofen 1mg kg—1 8-12 5 PO/i.v.
Ketoprofen 11— 6-8 5 PO/i.v.
2mgkg~1
Ketorolac 0.3- 6-8 2 i.v.
0.5mgkg~?

NSAIDs, especially ketorolac, are particularly effective
analgesics following dental, oropharyngeal and gen-
itourinary procedures but they are associated with an
increased risk of bleeding that limits their use. Selective
COX-2 inhibitors were designed to retain the analgesic
and anti-inflammatory effects of NSAIDs while reduc-
ing the risk of gastric irritation and bleeding. Rofecoxib,
1 mg kg~! day!, improved post-tonsillectomy pain
when compared to placebo and hydrocodone. Evalua-
tions of other COX-2-selective NSAIDs in children are
lacking due to the absence of pediatric formulations.
Chronic administration of COX-2-selective NSAIDs,
in particular rofecoxib, has been associated with an
increased incidence of heart attack or stroke in elderly
patients. In appropriately selected patients, their short-
term use in the peri-operative period has been shown to
improve analgesia, recovery and return to normal levels
of activity without increasing the risk of bleeding or
asthma (Gan 2004).

The role of acetaminophen in the management of post-
operative pain in children remains controversial. Confu-
sion regarding the analgesic efficacy of acetaminophen
is caused by the diversity of ages, procedures, doses,
routes of administration and endpoints studied. Al-
though the early administration of high dose (40—60 mg
kg~ ') acetaminophen is associated with a reduction in
the incidence and severity of post-surgical pain, the
result is inconsistent, especially following very painful
surgeries. The risk: benefit ratio for escalating doses
to achieve faster, higher effect compartment concen-
trations has not been established. Hepatic failure has
occurred with doses lower than those recommended
(Table 2) in the presence of dehydration, sepsis and
malnutrition. Acetaminophen should be avoided in pa-
tients with hepatic dysfunction (Bremerich et al. 2001;
Korpela et al 1999).

Opioid analgesics are frequently required following
ambulatory surgeries in children. During the recovery
phase, fentanyl 0.5—1 mcg kg~! intravenously, repeated
every 5—10 min up to 2 meg kg™, provides rapid, brief
analgesia. Fentanyl is associated with a lower incidence
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and severity of postoperative nausea and vomiting
(PONV) than morphine and permits the early initiation
of oral analgesics so that the adequacy of pain relief
can be assessed prior to discharge. Intravenous mor-
phine 0.05-0.2 mg kg™! is employed when pain is more
severe or persistent. When larger doses are required,
inadequate pain relief after discharge is increasingly
likely.

Codeine, the most common oral opioid for mild to mod-
erate postoperative painisless populardue to the high in-
cidence of side effects. Codeine metabolism to morphine
is responsible for its analgesia. Conversion to morphine
is impaired in 10% of patients and absent in fetal liver
microsomes, rendering it ineffective in 10% of the popu-
lation and infants <1 month. The usual dose is I mgkg™!
every 4 h h and is limited by the high incidence of side
effects including nausea, vomiting, sedation, urinary re-
tention and constipation.

Hydrocodone, a synthetic opioid agonist, is available
alone and in combination with acetaminophen and
ibuprofen as an elixir or tablet. Twenty-five percent of
the administered dose is converted to active metabo-
lites including hydromorphone. Following ambulatory
surgery, the incidence and severity of side effects is
reduced when compared to codeine. Analgesia be-
gins within 20-30 min of oral administration and lasts
3-6 h. The usual dose is 0.1-0.15 mg kg~! / dose or
0.6 mg kg~! day~! administered every 4—6 h.

The safety of oxycodone in children following ambu-
latory surgery has not been established but it is useful
during transition from PCA or continuous epidural af-
ter major surgery as is hydrocodone.

Adjunctive Analgesics for Ambulatory Surgery

Post-tonsillectomy and genitourinary pain is signif-
icantly reduced by » dexamethasone, 1 mg kg~' up
to a maximum 20 mg, intravenously after induction of
anesthesia. » Clonidine is employed preoperatively at a

dose of 1-2 mcg kg~! to reduce analgesic requirements.
It has limited usefulness in outpatient surgery due its
side effects of sedation, bradycardia and hypotension.
» Tramadol offers no advantage in the management of
acute pediatric postoperative pain.

Postoperative Pain Management Following Major Surgery

Insertion of a catheter into the » epidural space permits
continuous infusion of opioid or local anesthetics. This
provides patients with a baseline, prophylactic analgesic
strategy. Studies in adults and most pediatric studies
indicate that active pain following major thoracoab-
dominal, genitourinary, spinal and orthopedic surgeries
is more effectively managed by neuraxial analgesia than
PCA (Bozkurt 2002; Kokinsky and Thornbert 2003).

In infants, catheters are frequently placed caudally and
may often be threaded to the desired dermatomal level in
most infants younger than 6 months. Caudally inserted
catheters are at greater risk of dislodgement and contam-

ination than those placed at the lumbar or thoracic levels.
Infection rates can be reduced and catheter longevity im-
proved by tunneling the catheter to a separate exit site
(Kost-Byerly 2002).

When epidural catheters are inserted in anesthetized
patients, as in most pediatric situations, the risk of
spinal cord or neural injury may be increased. Contro-
versy exists over the safety of anesthetized placement,
however, when inserted by experienced anesthesiol-
ogists in children, the risk appears to be acceptably
low (Krane et al. 1998). Catheters can be placed under
direct visualization during spinal instrumentation, so
that the catheter tip is located at the level of injury. In
addition, two catheter techniques have been employed
for extensive spinal surgeries.

Bupivacaine 0.125% at 0.0625% and ropivacaine
0.1-0.2% are the most common solutions employed
although 1% lidocaine or 0.125% levobupivacaine are
employed in some hospitals. The addition of opioids
like fentanyl, 2-10 mcg ml™', acts synergistically to
improve analgesia. At the recommended doses, these
solutions provide a band of analgesia. Their safety is
quite acceptable but high plasma concentrations can
cause seizures and cardiac depression. Neonates are
at increased risk of local anesthetic toxicity due to de-
creased » alpha-1-acid glycoprotein binding and the
accumulation of » amide local anesthetics. Therefore,
infusions should be terminated in infants younger than
3 months after 48 h unless lidocaine is employed and
blood levels of lidocaine assessed daily to guide therapy
(Kost-Byerly 2002). Motor blockade responds to dose
reductions. Dosing guidelines are presented in Table 3.
When neurosensory evaluation is necessary, e.g. follow-
ing spinal instrumentation, where risk for compartment
syndrome exists, or when the catheter tip cannot be
located near the surgical site, neuraxial infusions of

Acute Painin Children, Post-Operative, Table 3 Acetaminophen Dosing
Guidelines

Dose Frequency Max Daily Route
mgkg=1] [N [mgkg~"]
Acetaminophen
Preterm 15 6 60 PO/pr
Infants /
Neonates
1-3 months
Infants 15-20 6 75 PO/pr
>3 months
Children 20-40
[loading
dose]
15-20 6 90-100 PO
Propacetamol
Infants 30 6 120 i.v.
>3 months
/ Children
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morphine or hydromorphone provide effective analge-
sia. Improvement of pain after rate adjustment or bolus
requires ca. 45 min. Short-acting local anesthetics can
be administered when prompt analgesia is needed. The
incidence of nausea, pruritus and sedation are com-
parable to that of intravenous opioids (Kokinsky and
Thornbert 2003). The risk of respiratory depression
following neuraxial morphine ranges from 0.09-1.1%
(Bozkurt 2002).

Patient Controlled Analgesia

When neuraxial techniques are not employed following
major surgery, opioids should be administered intra-
venously whenever possible. Intramuscular injections
are painful and result in slow onset of analgesia that
cannot be titrated. Nurses should be encouraged to seek
painful behavior or elicit pain scores regularly to detect
escalation of pain. Early treatment reduces the duration
of severe pain, the dose of opioid required to achieve
comfort and the risk of inadvertent overdose.

» PCA improves pain relief when compared to inter-
mittent, scheduled dosing. Standard dosing regimens
are provided in Table 4. Careful assessment of respira-
tory function is essential to the safety of this technique
since the incidence of serious respiratory depression is
between 0.1-1.7% (Bozkurt 2002). The inclusion of a
basal infusion rate is associated with a higher incidence
of hypoxemia and lower respiratory rates (McNeely
and Trentadue 1997). Consideration should be given to
provision of a basal infusion at night to improve sleep.
Continuous infusion of opioids is recommended for in-
fants and young children. Nurse or family member acti-
vation of the » PCA pump for children who cannot ac-
tivate it due to cognitive impairment or physical limita-
tions is an innovation that circumvents the main design
feature that insures safety. Appropriate monitoring for
opioid induced respiratory depression is mandatory.
Nurses trained to assess pain and opioid related side ef-
fects can safely employ PCA pumps as an alternative
to intermittent bolus dosing. This promotes faster avail-
ability of the analgesic, lower incremental doses and im-
proved painrelief. Monitoring protocols following bolus
dosing and rate changes are required to maximize safety
(Bozkurt 2002; Kokinsky and Thornbert 2003).

Acute Pain in Children, Post-Operative, Table 4 Opioid Infusion and
PCA Dosing Guidelines

Medication Loading Continuous / PCA Bolus
Dose Basal Rate

Morphine 0.03 mg— 0.01- 0.01—

Torsmgmi-1 g o5mgkg=!  0.03mgkg—"h=1 0.03mgkg~!

Hydromorphone 5 mcg kgr1 3-5mcg 2-5mcg

100 mcg ml-1 kg—1 h—1 kg~1h-1

Fentanyl 0.3 mcg kg*1 0.5-1 mcg 0.2-1 mcg

50 mcg mi-1 kg—1 n—1 kg—1 p-1

Caregivers can be trained to administer intermittent
doses of parenteral opioids. Well-designed, training
programs for caregivers and an appropriate level of
nursing supervision are required to insure the safety of
this innovation (Kost-Byerly 2002). Research regarding
the safety of this approach in the acute, post-surgical
setting is lacking.

The inclusion of NSAIDs, in particular ketorolac,
reduces analgesic requirements and improves analge-
sia in children with epidurals or PCA (Kokki 2003).
The use of NSAIDs following major orthopedic pro-
cedures remains controversial since prostaglandins
induce lamellar bone formation and animal studies
suggest that NSAIDs impair bone healing and fracture
repair. No difference in the incidence of curve pro-
gression, hardware failure or back pain was found in
adolescents following spinal fusion (Farrar and Lerman
2002). Since NSAIDs can result in renal dysfunction
they are best avoided during the initial 24 h follow-
ing major surgeries if ongoing third space losses are
anticipated.
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Synonyms

Pediatric Pharmacological Interventions; Pediatric Psy-
chological Interventions; Pediatric Integrated Care for
Painful Procedures; Acute Procedural Pain in Children

Definition

Acute procedural pain refers to the pain that infants and
children experience as a result of necessary » invasive
diagnostic and therapeutic procedures. Procedural pain
management refers to the pharmacological, psychologi-
cal and physical interventions used to prevent, reduce or
eliminate pain sensations in children arising as a result
of an invasive or aversive medical procedure.

Characteristics

Acute procedural painis asignificant problem forinfants
and children and, regrettably, is currently undertreated
in many centers. A recent survey of institutions in the Pe-
diatric Oncology Group (Broome et al. 1996) found that
67% of institutions routinely used local anesthesia, 22%
used systemic premedication and 11% used different re-
laxation techniques for management of painful proce-
dures such as lumbar punctures (LPs) and bone marrow
aspirations (BMAs). Children (this term refers to all in-
dividualsin the pediatric age range, i.e. neonates, infants
and adolescents) and their families experience signifi-
cant emotional and social consequences as a result of
pain and the effects of inadequately managed procedure-
related pain can be severe and long lasting (Kazak et al.
1997; Young et al. 2005).

The aims of pain management are to 1) optimize pain
control during the procedure, recognizing that a pain-
free procedure may not be achievable, 2) enhance the
patient’s physical well-being, 3) enhance the patient’s
self-esteem and self-efficacy and 4) minimize the short
and long term psychological distress of the patient and
his / her family.

Invasive Procedures

Children undergo a variety of painful procedures in
varied settings such as venipunctures, lumbar punc-
tures, bone marrow aspirations, fracture reduction and
orthodontic procedures. Painless procedures (such as
CT scanning, MRI positioning for radiotherapy and
ultrasonic examination, pelvic examination in young
girls) thatrequire patients to lie still, often on a cold, hard
surface, may still be aversive and indirectly provoke
pain and distress.

Factors that Affect Procedural Pain

Acute procedural pain in children is the result of a
dynamic integration of physiological processes, psy-
chological factors and sociocultural context embedded
within a developmental trajectory. Consequently, pro-
cedural pain management is most probably effective
when all components of the child’s pain experience are
evaluated and addressed. Depending on the nature of the
procedure and the characteristics and preferences of the
child and his / her family, optimal pain control strategies
will range from general anesthesia to » psychological
strategies. In all cases, a multimodal approach may
reduce the potential for adverse effects arising from
either escalating frequency or dosage levels of a single
pharmacological modality (Lang et al. 2000).

In order to address all relevant factors, health care
providers must assess the factors that affect a child’s
pain. A standard nomenclature and a multidimensional
approach are essential components of a comprehensive
procedural pain assessment. The description of the pain
should include its temporal features, intensity, qual-
ity and exacerbating and relieving factors. Treatment
strategies should be based on the findings of the assess-
ment and should address the inciting and contributing
factors. The specific approach to procedural pain is
shaped according to the anticipated intensity and dura-
tion of expected pain, the type of procedure, the context
and meaning as seen by the child and family, the coping
style and temperament of the child, the child’s history
of pain and the available family support system (Liossi
2002; McGrath 1990; Zeltzer et al. 1989).

Procedures that cause pain in a child should be per-
formed by health care professionals with high technical
competence, so that pain is minimized to the greatest
possible extent. The child and his / her family should be
included in the planning and decision-making process
regarding the treatment plan. This provides families
with control and health care providers with valuable
insights into how the child understands and copes with
pain. Children and parents should receive appropri-
ate information about what to expect and appropriate
preparation about how to minimize distress (Blount et
al. 1994). A quiet environment, calm adults and clear,
confident instructions increase the likelihood that the
specific pain management strategy selected will be
effective (McGrath 1990; Zeltzer et al. 1989).



Acute Pain in Children, Procedural 29

Pharmacological Interventions for Procedural Pain in Children

Local anesthesia is the standard analgesic intervention
whenever tissue injury is involved. Topical anesthetics
such as EMLA (eutectic mixture of local anesthetics)
and amethocaine have recently revolutionized analgesic
care but infiltration and regional nerve blocks with lido-
caine, bupivacaine and ropivacaine remain in wide use
(Finley 2001; Schechter et al. 2003).

For procedural pain that is predictably severe and for
which local measures give inadequate relief, such as for
bone marrow aspirations, the use of systemic agentsisre-
quired toreduce or eliminate pain. The use of anxiolytics
or sedatives (such as benzodiazepines, propofol, chlo-
ral hydrate or barbiturates) alone for painful procedures
does not provide analgesia but makes a child less able to
communicate distress. The child still experiences pain
during the procedure and there are no data on the short-
or long-term sequelae of this strategy. These agents are
adequate as sole interventions only for nonpainful proce-
dures such as CT or MRI scans (Finley 2001; Schechter
et al. 2003).

When it is necessary to use sedation and analgesia for
painful procedures, the guidelines issued by the AAP
(American Academy of Pediatrics, Committee on Drugs
1992) should be followed. These AAP guidelines rec-
ommend that skilled supervision is necessary whenever
systemic pharmacologic agents are used for conscious
sedation (i.e. the patient maintains a response to verbal
and physical stimuli), that sedation should be conducted
inamonitoredsetting withresuscitative drugs and equip-
mentavailable and that agents should be administered by
a competent person. The guidelines further recommend
that one person is assigned to monitor the child’s condi-
tion and another qualified person is present to respond
to medical emergencies. After the procedure, monitor-
ing should continue until the patient is fully awake and
hasresumed the former level of function. Discharged pa-
tients should be accompanied by an adult for a time at
least as long as two half-lives of the agents used. In con-
trast to conscious sedation, deep sedation (i.e. when the
patient is not responsive to verbal or physical stimuli)
is equivalent to general anesthesia and should be per-
formed only under controlled circumstances by a pro-
fessional trained in its use and skilled in airway manage-
ment and advanced life support. Despite careful titration
of sedative doses, individual responses are variable and
patients may occasionally have respiratory compromise
or loss of airway reflexes (Zeltzer et al. 1989). Nitrous
oxide offers one more analgesic pharmacological option
in the management of procedural pain. Its use requires
availability of trained personnel and appropriate moni-
toring procedures. Administered by a mask or tent, ni-
trous oxide is a potent, short-acting inhalant analgesic.
A significant drawback is the high degree of room air
contamination, making occupational exposure a serious
concern.

Psychological Interventions for Procedural Pain in Children

Psychological interventions for procedural pain man-
agement include preparation, deep breathing, distrac-
tion, relaxation, play therapy, guided imagery, cognitive
therapy and hypnosis. Of these interventions, cognitive
therapy and hypnosis have achieved status as empir-
ically validated, efficacious and possibly efficacious
interventions respectively, in the management of pe-
diatric procedure-related cancer pain (Liossi 1999;
Liossi 2002; Powers 1999), according to the framework
developed by the American Psychological Association
Division 12 Task Force on Promotion and Dissemination
of Psychological Procedures (Chambless and Hollon
1998). The focus in cognitive therapy is on the child’s
behavior, emotions, physiological reactions and cogni-
tions (i.e. thoughts and visual images). The rationale
for cognitive therapy is that a person’s understand-
ing of the pain or the illness / procedure causing their
pain determines their emotional reactions; therefore
it is possible by modifying negative and maladaptive
cognitions toreduce pain and distress. Hypnosisis apsy-
chological state of heightened awareness and focused
concentration, in which critical faculties are reduced
and susceptibility and receptiveness to ideas is greatly
enhanced. In all studies conducted to date, cognitive
therapy and hypnosis were effective in reducing the
pain and anxiety of young patients during procedures
(Liossi 2002; Hilgard and LeBaron 1982).
Psychological strategies alone, however, often do not re-
duce pain sufficiently. A combination of psychological
with pharmacological interventions is necessary. To this
end, in 1998, the World Health Organization (WHO) de-
veloped and published guidelines for the management
of pain in children with cancer. For all medical proce-
dures, the use of a combination of a psychological with
a pharmacological approach is supported and aggres-
sive, preemptive approaches are emphasized. Prelimi-
nary empirical evidence for these guidelines has been
offered in a recent randomized controlled clinical trial
combining self-hypnosis with local anesthesia (Liossi et
al.2006) and in the development and evaluation of amul-
tidisciplinary psychological and pharmacological pro-
tocol for procedure pain in childhood leukemia (APPO)
at the Children’s Hospital of Philadelphia (Kazak and
Kunin-Batson 2001). The general principles for pedi-
atric procedural pain management are as follows:

Before the Procedure

e As far as possible treat procedure-related pain pre-
emptively.

e Provide information regarding the time, frequency,
and “clustering” of procedures, if more than one is
to be required. For procedures that will be repeated,
maximize treatment for the pain and anxiety of the
first procedure to minimize the anticipatory anxiety
before subsequent procedures.
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e Provide the patient and his/her family with education
regarding pain and pain management

e Tailor treatment options to the patient’s and the fam-
ily’s needs and preferences, to the procedure and to
the context.

e Provide adequate preparation of the patient and fam-
ily. For children, discuss with the child and parents
what can be expected and how the child might re-
spond.

e Explore and address concerns regarding the proce-
dure and pain management interventions.

e Minimize delays to prevent escalation of anticipatory
anxiety.

During the Procedure

e Integrate pharmacological and nonpharmacological
options in a complementary style.

e Allow parents to be with the child during the proce-
dure, if parents choose to remain. Parents should be
taught what to do, where to be and what to say to help
their child through the procedure.

After the Procedure

e Debrief the patient and his / her family

e Encourage the use of coping skills

e Review with the patient and family their experiences
and perceptions about the effectiveness of pain man-
agement strategies.

The list below provides an example of how psychologi-
cal and pharmacological interventions can be integrated
in the management of lumbar puncture pain for an older
child (>6 years old):

Before the Procedure

e Teach the child self-hypnosis.

e Teach parents how to support their child in the use of
self-hypnosis.

e Apply EMLA 60 min before the procedure.

During the Procedure

e Encouragethechild touse self-hypnosis and their par-
ents, if they wish, to coach them.

After the Procedure

e Encourage the use of self-hypnosis for the manage-
ment of possible post lumbar puncture headache.

Summary

Innovations in acute pediatric procedural pain manage-
ment do not need to be “high tech” In most cases, excel-
lent analgesic results can be achieved through applica-
tion of standard pharmacological and psychological ap-
proaches, continuous patient assessment and patient and
family participation in treatment planning. Although fi-
nancial pressures may slow the adoption of pain control

as a priority in acute patient care (and in this regard in-
tegrated care is particularly expensive), equally strong
social trends demand treatments that enhance patient-
and family-centered outcomes. Education of the public
will increase societal awareness and support of children
inpainand shape appropriate public policy, whichin turn
will speed up the bridging of the gap between theoreti-
cal developments, research evidence and current clini-
cal practice in acute pediatric procedural pain manage-
ment.
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Synonyms

Infant pain treatment; Infant Pain Reduction/Therapy/
Treatment; infant pain therapy; Pain Managementin In-
fants

Definition

Infant pain management is defined as any strategy or
technique administered to an infant experiencing pain
with the intention of lessening pain sensation and/ or per-
ception. Pain management strategies include the drugs
described in the essay » pain management, pharma-
cotherapy and varied nonpharmacological (contextual,
psychological and physical) interventions described in
this essay. Pain management during infancy has been
almost exclusively focused on acute procedural (in-
cluding post-operative) pain (although recent work is
beginning to focus on assessment and treatment in pro-
longed and chronic pain), thus the emphasis throughout
this essay will be on pain reduction strategies for acute
procedural pain.

Characteristics
Developmental and Caregiver Considerations

A sensitive appreciation of infants in pain and their
complete reliance on their caregivers is a fundamental
starting point for approaching infant pain management
(Als et al. 1994). Infants have (a) greater sensitivity to
noxious stimuli due to immature nervous system path-
ways, (b) immature cognitive ability to comprehend
the purpose or predict the end of a painful proce-
dure, (c) limited developmental motor competency
to manage their pain and (d) minimal communica-
tion abilities to alert a caregiver who can alleviate
their pain. However, even knowledgeable caregivers
often do not recognize and / or adequately manage
infants’ pain (Simons et al. 2003). The caregivers’ dif-
ficulty in discerning the state of an infant, the lack of
specificity of infant responses to painful procedures
and caregiver biases concerning pain assessment and
management all contribute to this dilemma. Mixed
results have been found regarding the strength of re-
lationship between parental behaviors and infant pain
reduction; however, researchers consistently suggest
that the influence of parental behaviors on managing
infant pain is mediated by the physiological and tem-

peramental qualities of the infant (e.g. Sweet et al.
1999).

An Integrated Approach to Acute Pain Management

Pain management during infancy should be multifaceted
and integrated within every step of the decision-making
process from deciding whether a particular procedure is
warranted to determining the safest and most effective
pain relieving strategy. While an informed understand-
ing of drug therapy is a crucial facet of pain manage-
ment, psychological, physical and environmental strate-
gies and techniques are also important components and
should be included in an integrated pain management
approach.

Limit Exposure to Pain-inducing Procedures

Often the routine care of an ill infant necessarily in-
cludes the infliction of pain for diagnostic or therapeutic
purposes. However, recent guidelines recommend that
health care providers attempt to limit the number of
painful procedures performed on infants (Joint Fetus and
Newborn Committee of the Canadian Paediatric Society
and American Academy of Pediatrics 2000). The num-
ber and frequency of painful procedures, particularly
those often repeated during an infant’s hospitalization
(e.g. heel lance), should be carefully considered within
the developmental stage and health status of the infant.
Before subjecting an infant to a painful procedure,
caregivers should determine whether the procedure
is warranted in relation to the potential benefit to the
child’s health status. Unnecessary procedures should
be avoided and alternative non-painful or less painful
options should always be explored.

Select the Least Painful Diagnostic or Therapeutic
Method

If a painful procedure is unavoidable, the least painful
approach incorporating pharmacological (e.g. topical
anesthetic), physical (e.g. » positioning) and cognitive
(e.g. distraction) interventions should be undertaken
(see Anand et al. 2001 for a review). The onus is on
clinicians to familiarize themselves with the current
evidence and recommended clinical best practices to
minimize procedural pain in infants. Databases such
as the Cochrane Collaboration, CINAHL, MEDLINE
and EMBASE provide systematic reviews and meta-
analyses with recommendations for clinical practice.
For example, venipuncture is recommended as less
painful than heel lance for blood sampling in newborns
(Shah and Olsson 2004). Other procedural examples
may be found in the circumcision context, In addition
to dorsal penile nerve blocks, the specific clamp used
to hold the foreskin or the type of infant restraint can
moderate pain and distress. For example, the Mogen
clamp lessens pain in comparison to the Gomco clamp
(Kurtis et al. 1999).
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Contextual Strategies to Manage Infant Pain

The context in which a painful procedure is conducted
modifies behavioral and physiological aspects of infant
pain. Context can refer to (a) the personal context of the
infant, specifically that pain responses of infants are sig-
nificantly increased with a history of numerous painful
procedures and (b) the environmental context, most of-
ten the presence of stressful elements such as significant
handling, unpredictable noises, multiple caregivers and
bright lights. Preliminary research suggests that infants
who are cared for in a developmentally sensitive man-
ner (i.e. low noise and lighting, bundling of procedures to
avoid over-handling) have lower painreactivity (Stevens
et al. 1996).

Psychological Strategies

Despite extensive evidence of the value of inhibitory
mechanisms in pain control with older children and
adults, researchers have only begun to consider the
inhibitory cognitive capabilities of the infant in relation
to pain (e.g. distraction). » Distraction in the form of
play (such as encouraging infant attention to a mobile or
mirror) (Cohen 2002) or the combination of music and
non-nutritive sucking (Bo and Callaghan 2000) have
both been shown to moderate both physiological and
behavioral indicators of infant pain (i.e. cry, heart rate,
facial grimacing). Another promising cognitive inter-
vention for managing infant pain, adapted from work
with older children and adults, was demonstrated by
Derrickson et al. (1993). Based on a simple » signaling
paradigm, a 9 month old hospitalized infant was taught
to predict the occurrence of painful and invasive proce-
dures.

Physical Strategies

Much of the interventional pain research on infants has
been conducted within this domain. Common strategies
involve » non-nutritive sucking (NNS, e.g. pacifiers),
» skin-to-skin contact (e.g. kangaroo care), the admin-
istration of sweet substances such as sucrose that are
thought to mimic opioid-mediated pain mechanisms or
some combination of the above.

The mostcommonly researched strategy has been the ad-
ministration of sucrose withand without NNS. Although
exactdosage recommendations have notbeen clearly de-
lineated (a dose range of 0.012 g to 0.12 g was identi-
fied), a recent systematic review of the efficacy of su-
crose noted that for newborn infants sucrose decreased
both physiological and behavioral indices of preterm and
full-term infants in response to heel lance and venipunc-
ture (Stevens et al. 2004). Pain responses are further de-
creased when sucrose and NNS are utilized together for
heel lance with the speculation that the opioid-mediated
orogustatory (e.g. sweet taste of sucrose), non-opioid-
initiated orotactile (e.g. pacifier) and mechanoreceptor
mechanisms are complementary in reducing pain (Gib-
bins and Stevens 2001). The administration of multisen-

sory saturation (i.e. massage, eye contact, gentle vocal-
ization, soothing smell) has also been shown to signif-
icantly increase the analgesic efficacy of sucrose (Bel-
lieni et al. 2002). It is noteworthy that the efficacy of su-
crose for pain relief tends to decrease with age and is
believed to no longer be effective after 6 months of age
(Pasero 2004).

Breast milk has also been examined for analgesic
properties but has not been found to be as effective as
sucrose (Ors et al. 1999). Other physical techniques
such as massage, rocking, holding and skin-to-skin
contact have also been shown to successfully moderate
pain responses through non-opioid mediated pathways
(e.g. Johnston et al. 2003).

A further group of pain management strategies relate to
the positioning or containing of the infant during painful
procedures. » Swaddling, positioning, » facilitative
tucking, all appear to have some limited efficacy as a
pain management technique on their own but appear
better as an adjuvant to increase the efficacy of more
reliable pain-reducing strategies.

Other types of physical stimulation commonly utilized
with children and adults, such as heat, cold, acupuncture,
transcutaneous stimulation and acupressure have not yet
been investigated adequately with infant populations.

Summary

Understanding that unrelieved pain during infancy can
irrevocably alter an individual’s pain sensation and per-
ception underscores the importance of infant caregivers’
responsibility for being cognizant of the vastarray of em-
pirically supported strategies available to appropriately
manage infant pain.
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Definition

Acute pain is defined as “pain of recent onset and proba-
ble limited duration. It usually has an identifiable tempo-
ral and causal relationship to injury or disease” (Ready
and Edwards 1992). The perception of acute pain re-
quires transduction of noxious mechanical, thermal or
chemical stimuli by nociceptive neurons, integration and
modulation at the level of the spinal cord and ultimately
transmission to cortical centres.

Characteristics

Peripheral Nociception

» Nociceptors in the skin and other deeper somatic tis-
sues such as periosteum are morphologically free nerve
endings or simple receptor structures. A » noxious stim-
ulus activates the nociceptor depolarising the membrane
via a variety of stimulus specific transduction mecha-
nisms. C polymodal nociceptors are the most numerous
of somatic nociceptors and respond to a full range of me-
chanical, chemical and thermal noxious stimuli. Poly-
modal nociceptors are coupled to unmyelinated C fibres.
Electrophysiological activity in these slow conduction
C fibres is characteristically perceived as dull, burning
pain. Faster conducting A3 fibres are coupled to more

selective thermal and mechano-thermal receptors con-
sidered responsible for the perception of sharp or “stab-
bing” pain (Julius and Basbaum 2001).

Inflammatory Induced Peripheral Sensitization

A complex interaction of molecules produced during
the inflammation acting on nociceptors results in func-
tional, morphological and electrophysiological changes
causing “primary hyperalgesia”. Nociceptors are sen-
sitised due to changes in the absolute numbers of Na*
and K* channels and their relative “open-closed” ki-
netics. This results in neuronal activation in response to
innocuous stimuli and spontaneous ectopic discharges.
Inflammatory mediators also act to increase the ac-
tivity of “silent” nociceptors normally unresponsive
to even noxious stimuli. There is an increase in many
ion channel subtypes, (particularly the » tetrodotoxin
(TTX) resistant Na* channel) both on the axon and also
in the dorsal root ganglion (DRG) (Kidd and Urban
2001). There is up-regulation of receptor expression,
including substance P and brain derived growth factor
(BDGF). Morphological changes including sprouting
of unmyelinated nerve fibres have also been identified.

Spinal Cord Integration

The majority of somatic nociceptive neurons enter
the dorsal horn spinal cord at their segmental level.
A proportion of fibres pass either rostrally or cau-
dally in » Lissauer’s tract. Somatic primary afferent
fibres terminate predominantly in laminas I (marginal
zone) and II (substantia gelatinosa) of the dorsal horn
where they synapse with projection neurons and excita-
tory/inhibitory interneurons. Some A3J fibres penetrate
more deeply into lamina V. Projection neurons are of
three types classified as nociceptive specific (NS), low
threshold (LT) and wide dynamic range neurons (WDR).
The NS neurons are located predominantly in lamina I
and respond exclusively to noxious stimuli. They are
characterised by a small receptive field. LT neurons,
which are located in laminae III and IV, respond to
innocuous stimuli only. WDR neurons predominate in
lamina V (also in I), display a large receptive field and
receive input from wide range of sensory afferents (C,
APB) (Parent 1996).

Spinal Modulation and Central Sensitisation

Glutamate and aspartate are the primary neurotrans-
mitters involved in spinal excitatory transmission. Fast
post-synaptic potentials generated via the action of
glutamate on AMPA receptors are primarily involved
in nociceptive transmission (Smullen et al. 1990). Pro-
longed C fibre activation facilitates glutamate-mediated
activation of » NMDA receptors and subsequent pro-
longed depolarization of the WDR neuron (termed
“» wind-up”). This is associated with removal of a
Mg* plug from the NMDA-gated ion channel. The ac-
tivation of this voltage gated Ca* channel is associated
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with an increase in intracellular Ca* and up-regulated
neurotransmission (McBain and Mayer 1994). The
peptidergic neurotransmitters substance P and cal-
citonin G related peptide (CGRP) are co-produced
in glutaminergic neurons and released with afferent
stimulation. These transmitters appear to play a neu-
romodulatory role, facilitating the action of excitatory
amino acids. A number of other molecules including
glycine, GABA, somatostatin, endogenous opioids and
» endocannabinoids play modulatory roles in spinal
nociceptive transmission (Fiirst 1999).

Projection Pathways

Nociceptive somatic input is relayed to higher cere-
bral centres via three main ascending pathways the
spinothalamic, spinoreticular and spinomesencephalic
tracts (Basbaum and Jessel 2000). The spinothalamic
path originates in laminae I and V-VII and is composed
of NS and WDR neuron axons. It projects to thalamus
via lateral (» neospinothalamic tracts), and medial or
» paleospinothalamic tracts. The lateral tract passes
to the ventro-postero-medial nucleus and subserves
discriminative components of pain, while the medial
tract is responsible for the autonomic and emotional
components of pain. Additional fibres pass to reticular
activating system, where they are associated with the
arousal response to pain and the periaqueductal grey
matter (PAG) where ascending inputs interact with de-
scending modulatory fibres. The spinoreticular pathway
originates in laminae VII and VIII and terminates on the
medial medullary reticular formation. The spinomes-
encephalic tract originates in laminae I and V and
terminates in the superior colliculus. Additional projec-
tions pass to the mesencephalic PAG. It appears that this
pathway is not essential for pain perception but plays
an important role in the modulation of afferent inputs.

Cortical Representation

Multiple cortical areas are activated by nociceptive
afferent input including the primary and secondary
somatosensory cortex, the insula, the anterior cingulate
cortex and the prefrontal cortex. Pain is a multidi-
mensional experience with sensory-discriminative
and affective-motivational components. Advances in
functional brain imaging have allowed further under-
standing of the putative role of cortical structures in the
pain experience (Treede et al. 1999).

1. Localization

a) primary somatosensory cortex
b) secondary somatosensory cortex
¢) insula

2. Intensity

a) prefrontal cortex
b) right posterior cingulate cortex

¢) brainstem
d) periventricular grey matter

3. Affective Component

a) left anterior cingulate cortex

4. Threshold

a) cingulate cortex
b) left thalamus
¢) frontal inferior cortex
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Synonyms
APS

Definition

Poor perioperative pain management is remedied, not so
much in the development of new techniques, but by the
development of Acute Pain Services (APS) to exploit
existing expertise. APSs have been established in many
countries. Most are headed-up by anesthesiologists.
An APS consists of anesthesiologist-supervised pain
nurses and an ongoing educational program for patients
and all health personnel involved in the care of surgical
patients. The benefits of an APS include increased pa-
tient satisfaction and improved outcome after surgery.
It raises the standards of pain management throughout
the hospital. Optimal use of basic pharmacological
analgesia improves the relief of post-operative pain
for most surgical patients. More advanced approaches,
such as well-tailored epidural analgesia, are used to
relieve severe dynamic pain (e.g. when coughing). This



Acute Pain, Subacute Pain and Chronic Pain 35

may markedly reduce risks of complications in patients
at high risk of developing post-operative respiratory
infections and cardiac ischemic events. Chronic pain
is common after surgery. Better acute pain relief of-
fered by an APS may reduce this distressing long-term
complication of surgery.

» Multimodal Analgesia in Postoperative Pain

|
Acute Pain Team

Synonyms
APT

Definition

A team of nurse(s) and doctors (usually anesthesiolo-

gist(s)) that specialize in preventing and treating acute

pain after surgery, trauma, due to medical conditions,

and in some hospitals also labor pain.

» Postoperative Pain, Acute Pain Management, Princi-
ples

» Postoperative Pain, Acute Pain Team
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Synonyms

Pain of Recent Origin; Persisting Pain; Subacute Pain;
chronic pain

Definition

Acute painis pain thathas been present for less than three
months (Merskey 1979; Merskey and Bogduk 1994).
» Chronic pain is pain that has been present for more
than three months (Merskey 1979; Merskey and Bog-
duk 1994). Subacute pain is a subset of acute pain: it is
pain that has been present for at least six weeks but less
than three months (van Tulder et al. 1997).

Characteristics

Acute pain, subacute pain, and chronic pain are defined
by units of time, but the concepts on which they are based
are more fundamentally aetiological and prognostic.

Acute pain was first defined by Bonica, as “a complex
constellation of unpleasant sensory, perceptual and emo-
tional experiences and certain associated autonomic,
physiologic, emotional and behavioural responses”

(Bonica 1953). Bonica went on to say “invariably, acute
pain and these associated responses are provoked by
. injury and/or disease . .. or abnormal function.”
Thus acute pain was originally defined as a biological
phenomenon resulting from physiological responses
to bodily impairment. Pain was recognised as play-
ing the important pathophysiological role of making
an individual aware of impairment so they could re-
spond appropriately. Responses include withdrawal
from the stimulus causing the pain, to avoid further
impairment, and behaviours that minimise the impact
of the impairment and facilitate recovery. For example,
if a person suffers a fracture the resultant pain warns
them to limit activities that might further deform the
injured part. In this way, acute pain is fundamentally
associated with the early stage of a condition, and with
the healing process. It can be expected to last for as
long as the healing process takes to restore the impaired
tissue.
Chronic pain was defined by Bonica as “pain that per-
sists a month beyond the usual course of an acute dis-
ease or . . . (beyond the) time for an injury to heal, or
that is associated with a chronic pathologic process.”
The implication is that if pain persists beyond the time
in which an impaired tissue usually heals, the condition
involves more than a simple insult to the tissue. One ex-
planation for persistent pain would be that the original
insult caused damage beyond the capacity of the natu-
ral healing process to repair. Another explanation would
be that the insult was recurrent, with each recurrence re-
newing and prolonging the time required for healing. Yet
another would be that the condition involved a chronic
pathological process that continues to impair tissue over
alongperiod. Other possible explanationsinvoke exoge-
nous factors, such as inappropriate interventions applied
for treatment, and/or endogenous factors such as cog-
nitions and behaviours that inhibit recovery. Recogni-
tion of these endogenous factors lead Engel to develop
the biopsychosocial model of chronic pain (Engel 1977),
which although originally intended by its author to refer
to only some types of chronic pain, is nowadays applied
inappropriately by many to chronic pain in general.
Thetime factorascribed by Bonica, i.e. one monthlonger
than the usual time of recovery, would vary from condi-
tion to condition. In order to standardise the definitions
of acute and chronic pain, attempts were made to as-
cribe finite durations to them. In 1974, Sternbach (Stern-
bach 1974) suggested six months as an arbitrary limit,
such that pain present for up to six months would be
classed as acute, whereas that present for more than six
months would be deemed chronic. Others felt six months
was too long, and discussion ensued. The International
Association for the Study of Pain (IASP) formed a com-
mittee chaired by Harold Merskey to consider such is-
sues and it determined, in 1979 in a publication defin-
ing pain terms, that “three months is the most convenient
point of division. . .” (Merskey 1979).
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Thus, we have the current definitions of acute and
chronic pain as pain present for less than, and more
than, three months. The three month period is arbitrary,
but it operationalises the definitions so that pains can be
classified readily and systematically as acute or chronic.
The definition of subacute pain has not been addressed
so deliberately. The term ‘subacute’ evolved to describe
longer-lasting acute pain, and has been applied in the lit-
erature (van Tulder et al. 1997) to pain present for be-
tween six weeks and three months. As such, it forms a
subset of acute pain. The main division between acute
and chronic pain remains at three months.

The pragmatism of the time-based definitions should
not be allowed to obscure the concept from which they
were derived: that different types of condition give rise
to acute and chronic pain. Acute pain should be consid-
ered primarily as pain due to a condition that is likely to
resolve spontaneously by natural healing. Chronic pain
should be considered as signifying a condition unlikely
to resolve spontaneously by natural healing. The clin-
ical significance of the three categories of pain flows
from the implicit likelihood of spontaneous recovery,
which is crucial to management and prognosis.

The management of acute pain is clear when the con-
dition is understood and known to be likely to resolve
within a short time by natural healing. By definition, no
therapeutic intervention is necessary for recovery; so,
rational managementinvolves helping the patient under-
stand the situation, reassuring them and simply allowing
natural healing to proceed. The only active intervention
that might be needed is something to ease the pain while
healing occurs; and the least invasive measure for that
purpose is to be preferred. Such an approach carries the
least risk of iatrogenic disturbance of the healing pro-
cess. It fits nicely with Hippocrates’s aphorism of “first,
dono harm” (Hippocrates. Of the Epidemics, I; II: VI),
to which doctors have (supposedly) subscribed for
centuries. Cochrane promoted this approach in his
farsighted work that lead to the formal development
of evidence-based medicine; he wrote of “the relative
unimportance of therapy in comparison with the recu-
perative power of the human body” (Cochrane 1977),
and wondered “how many things are done in modern
medicine because they can be, rather than because they
should be” (Cochrane 1977). The effectiveness of the
approach has been shown by Indahl et al. (1995) in the
management of subacute low back pain, and by McGuirk
etal. (2001) in the management of acute low back pain.
Rational management of chronic pain is quite different.
As the circumstances giving rise to chronic pain will not
resolve spontaneously, intervention is indicated in vir-
tually every case. The key to the problem is accurate di-
agnosis. Psychosocial factors are important in chronic
pain, but their roles are usually secondary to what began
and often persists as abiological impairment. If the treat-
ing clinician canidentify an underlying biological mech-
anism, many chronic conditions have specific treatments

that will control the pain effectively (Lord et al. 1996;
Govind et al. 2003). Nevertheless, psychosocial factors
must always be considered as well, and addressed if nec-
essary in the management of the condition, but not to the
exclusion of the fundamental (biological) cause.
Pursuing the diagnosis of a disorder so as to address its
cause seems obvious and is standard practice in other
fields of medicine, but for some reason it is controver-
sial in pain medicine. Chronic low back and neck pain,
in particular, are rarely managed as if precise diagno-
sis is possible, which these days it is in the majority of
cases (Bogduk et al. 1996). If specific treatment is ap-
plied and the pain is controlled, associated psychosocial
problems can also be expected to remit. There is sound
evidence (Wallis et al. 1997) to show this happens, but
no sound evidence to show that when pain is controlled
effectively, related psychosocial problems persist.
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Acute Painful Diabetic Neuropathy

» Diabetic Neuropathies
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|
Acute Pelvic Pain

» Gynecological Pain and Sexual Functioning

|
Acute Phase Protein

Definition

Liver proteins whose synthesis increases in inflamma-
tion and trauma.
» Pain Control in Children with Burns

|
Acute Post-Operative Pain in Children

» Acute Pain in Children, Post-Operative

|
Acute Postoperative Pain Therapy

Definition

Acute postoperative pain therapy includes the postop-
erative pain service and pain management, patient con-
trolled epidural analgesia and patient controlled intra-
venous analgesia.

» Postoperative Pain, Thoracic and Cardiac Surgery

|
Acute Procedural Pain in Children

» Acute Pain in Children, Procedural

|
Acute Salpingitis

» Chronic Pelvic Pain, Pelvic Inflammatory Disease
and Adhesions

|
Acute Sciatica

» Lower Back Pain, Acute

|
Acute Stress Disorder

Definition

A psychiatric disorder whose onset is within one month
of exposure to trauma, and whose symptoms are similar
to post traumatic distress. They include re-experiencing
the event as with flashbacks and nightmares, dissociative
symptoms like numbing, avoidance of any reminder of
the trauma, and hyperarousal or increased generalized
anxiety.

» Pain Control in Children with Burns

|
Acute-Recurrent Pain

» Postoperative Pain, Acute-Recurrent Pain

|
Adaptation

Definition

Adaptation refers to a decrease in the firing rate of action
potentials in the face of continuing excitation.

» Coping and Pain

» Mechanonociceptors

|
Adaptation Phase

Definition

A phase of the psychophysiological assessment de-
signed to permit patients to become acclimated.
» Psychophysiological Assessment of Pain

I
Adaptive Equipment

Equipment designed to increase the abilities of an indi-

vidual with an impairment or disability.

» Chronic Pain in Children: Physical Medicine and Re-
habilitation

|
ADD Protocol

» Assessment of Discomfort in Dementia Protocol
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|
Addiction

Definition

Addiction is the aberrant use of a substance in a man-

ner characterized by: 1) loss of control over medication

use, 2) compulsive use, 3) continued use despite phys-

ical, psychological or social harm, and 4) craving, of-

ten obtaining supply by deceptive or illegal means. This

syndrome also includes a great deal of time used to ob-

tain the medication, use the medication, or recover from

its effects. Addiction is not the same as tolerance or de-

pendence. Unlike the other two, which are physiologi-

cal responses, addiction implies drug seeking behaviors

and has ahost of psychological factors. Addiction is rare

among patients given opioids for the treatment of pain.

» Cancer Pain, Evaluation of Relevant Comorbidities
and Impact

» Cancer Pain Management

» Opioids, Clinical Opioid Tolerance

» Opioid Receptors

» Opioid Therapy in Cancer Patients with Substance
Abuse Disorders, Management

» Postoperative Pain, Opioids

» Psychiatric Aspects of the Management of Cancer
Pain

|
Adduction

Definition

Movement of abody part toward the midline of the body.
» Cancer Pain Management, Orthopedic Surgery

|
Adenoassociated Virus Vectors

Synonyms
AAV

Definition

Adenoassociated virus (AAV) based vectors are derived
from a non-pathogenic parvovirus. AAV are thought to
be naturally defective, because of their requirement for
co-infection with a helper virus, such as Ad or HSV, for
aproductive infection. The single stranded 4.7 kB DNA
genome is packaged in a 20 nm particle. AAV is not as-
sociated with any known disease and induces very little
immune reaction when used as a vector. For applications
requiring a relatively small transgene, AAV vectors are
very attractive, but the small insert capacity limits their
utility for applications requiring a large transgene.

» Opioids and Gene Therapy

|
Adenoma

Definition

Adenoma is a benign growth starting in the glandular
tissue. Adenomas can originate from many organs in-
cluding the colon, adrenal, thyroid, etc. In the majority
of cases these neoplasms stay benign, but some trans-
form to malignancy over time.

» NSAIDs and Cancer

|
Adenomyosis

Definition

The growth of endometrial glands and stroma into the
uterine myometrium, to a depth of at least 2.5 mm from
the basalis layer of the endometrium

» Dyspareunia and Vaginismus

|
Adenosine 5’ Triphosphate

Synonyms

ATP

Definition

ATP is one of the five nucleotides that serve as build-
ing blocks of nucleic acids. Structurally, adenine and
guanine nucleotides are purines, whereas cytosine,
thymine and uracil are pirimidines. ATP is also the
main energy source for cells. More recently it has been
recognized that ATP, some of its metabolites, as well
as some other nucleotides, play a role as extracellular
signaling molecules by activating specific cell surface
receptors.

» Purine Receptor Targets in the Treatment of Neuro-

pathic Pain

|
Adenoviral Vectors

Definition

Adenoviral (Ad) vectors are based on a relatively non-
pathogenic virus that causes respiratory infections. The
36 kb linear, double-stranded Ad DNA is packaged in a
100 nm diameter capsid. In first-generation Ad vectors,
the early region 1 (E1) gene was deleted to generate a
replication-defective vector, and to create space for an
inserted gene coding for a marker or therapeutic protein.
A cellline that complements the E1 gene deletion allows
propagation of the viral vector in cultured cells. These
first-generation Ad vectors can accommodate up to ap-
proximately 8 kb of insert DNA. In high capacity Ad
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vectors, the entire Ad vector genome is ‘gutted’ (hence
the alternative name, ‘gutted Ad vector’) removing all
viral genes and providing 30 kb of insert cloning capac-
ity.

» Opioids and Gene Therapy

|
Adequate Stimulus

Definition

A term coined by Sherrington in 1890’s to define the op-
timal stimulus for the activation of a particular nervous
system structure. For nociceptive systems in humans it
is simply defined as ,,a pain-producing stimulus* — for
animal studies it has been defined as a stimulus that pro-
duces, or threatens to produce, tissue damage. This is
valid for studies of skin sensation, but may not be valid
for deep tissues such as viscera.

» Nocifensive Behaviors of the Urinary Bladder

» Visceral Pain Model, Urinary Bladder Pain (Irritants

or Distension)

|
Adherence

Definition
The active, voluntary, collaborative involvement of a pa-
tient in a mutually acceptable course of behavior to pro-

duce a desired therapeutic result.
» Multidisciplinary Pain Centers, Rehabilitation

|
Adhesion Molecules

Definition

Circulating leukocytes migrate to injured tissue di-
rected by adhesion molecules. The initial step, rolling,
is mediated by selectins on leukocytes (L-selectin) and
endothelium (P- and E-selectin). The rolling leukocytes
are exposed to tissue-derived chemokines. These up-
regulate the avidity of integrins, which mediate the firm
adhesion of cells to endothelium by interacting with
immunoglobulin superfamily members such as inter-
cellular adhesion molecule—1. Finally, the cells migrate
through the vessel wall, directed by platelet-endothelial
cell adhesion molecule-1 and other immunoglobulin
ligands. Interruption of this cascade can block immuno-
cyte extravasation.

» Opioids in the Periphery and Analgesia

|
Adjunctive Drugs

Definition

Adjunctive Drugs are medications employed in the
course of therapy to assist in the treatment of side-
effects from the prescribed therapy.

» Analgesic Guidelines for Infants and Children

|
Adjusted Odds Ratio

Definition

“Adjusted Odds Ratio” is the expression of probability
after taking into accountpossible confounding variables.
» Psychiatric Aspects of the Epidemiology of Pain

|
Adjustment Disorder

Definition

Adjustment Disorder, defined by DSM-1V, includes sig-
nificant depressive symptoms (with insufficient criteria
for a mood disorder) after an identifiable stress, for ex-
ample, a painful illness, injury, or hospitalization.

» Somatization and Pain Disorders in Children

|
Adjuvant

Definition

An additive that enhances the effectiveness of medical

standard therapy.

» Adjuvant Analgesics in Management of Cancer-
Rated Bone Pain

» NSAIDs and Cancer

|
Adjuvant Analgesic

Definition

Medications that have a primary indication other than

pain, but are analgesic in some painful conditions. Ex-

amples include antidepressants and anticonvulsants.

Adjuvant analgesic drugs are often added to opioids to

augment their efficacy.

» Analgesic Guidelines for Infants and Children

» Cancer Pain Management, Adjuvant Analgesics in
Management of Pain Due To Bowel Obstruction

» Cancer Pain Management, Non-Opioid Analgesics

» Cancer Pain Management, Principles of Opioid Ther-
apy, Drug Selection

» Opioid Rotation in Cancer Pain Management
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Synonyms

Malignant Bone Pain; boney pain; cancer-related bone
pain

Definition

» Adjuvant » analgesics in the management of cancer-
related bone pain are supplemental treatments that are
added to the primary analgesics, usually NSAIDs and
opioids. These additional analgesic interventions in-
clude radiation, using either palliative » radiotherapy
or » radiopharmaceuticals, and two classes of medica-
tions, » bisphosphonates and steroids.

Characteristics

Normal bone undergoes constant remodeling in which
resorption or formation of bone occurs. The cells
involved in these processes are » osteoblasts and
» osteoclasts, respectively. These cells respond to
signals from several types of mediators, including hor-
mones, prostaglandins, and » cytokines. Tumor cells
invade bone and interrupt the balance between os-
teoblastic and osteoclastic activity, alter bone integrity
and produce pain (Mercadante 1997).

Boney cancers can be exquisitely painful. The severity
of pain does not always correlate with radiographic
findings. Primary and metastatic bone tumors produce
severe pain in about 90% of patients who develop such
tumors. Therefore, aggressive and effective treatment
of boney cancer pain is important to maintain patients’
quality of life.

Boney metastases occur in approximately 60-85% of
patients who develop metastatic disease from some of
the more common cancers, e.g. breast, prostate, and
lung. Bone is one of the most common metastatic sites.
There are also primary bone cancers, e.g. myeloma,
osteosarcoma, Ewing’s sarcoma (Mercadante 1997).

A A

a b

When tumors metastasize to bone, they can either be
osteolytic, causing boney destruction, or osteoblastic
producing sclerotic boney changes (1). Figure 1 il-
lustrates bone changes in cancer. Examples of these
processes are prostatic cancer stimulating osteoblasts
to lay down boney material, and breast cancer caus-
ing osteolysis from stimulation of osteoclasts. Mixed
osteoblastic-osteoclastic states also can occur.
Chemical mediators, most notably prostaglandins and
cytokines, are released in areas of tumor infiltration.
These mediators stimulate osteoclasts or osteoblasts
and nociceptors (Payne 1997). When tumor invasion
occurs, the highly innervated periosteum that surrounds
bone is disturbed and microfractures may occur within
the trabeculae (Payne 1997). Nerve entrapment can
also occur as disease progresses, due either to direct
tumor effects or to collapse of the skeletal structure
(Mercadante1997; Payne 1997; Benjamin 2002).
Radiopharmaceuticals and bisphosphonates are very ef-
fective at treating boney pain; some clinicians consider
these firstline therapies. The combination of the two may
be additive or synergistic in the treatment of bone pain
and dose sparing to lessen dose-related complications of
opioid therapy (Hoskin 2003).

Radiotherapy and radiopharmaceuticals are often un-
derutilized therapies for treating bone pain. These two
methods of delivering radionuclides have compara-
ble efficacy as analgesics. A systematic review of 20
trials (12 using external field radiation and 8 using
radioisotopes) showed that 1 in 4 patients received
complete pain relief in one month, and 1 in 3 patients
achieved at least 50% pain relief. For radiotherapy, no
differences in efficacy or adverse events were reported
with single or multiple fractional dosing in the exter-
nal field trials. Radiotherapy has been reported to be
up to 80% effective for the treatment of boney pain
(McQuay et al. 2000). Radiation can be delivered by
localized or widespread external beam radiation that
can be localized or widespread, and also by systemic
bone-seeking radioisotopes. For widespread painful
boney metastases, external » hemibody radiation may
be administered. With radiation administered above
the diaphragm, pneumonitis is a risk (Mercadante
1997). Below the diaphragm administration commonly
causes nausea, vomiting, and diarrhea. If whole body
radiation is the goal, a period of 4-6 weeks between

Adjuvant Analgesics in
Management of Cancer-Rated
Bone Pain, Figure 1 Cancer
effects on bone. (a) Normal

bone (balance between formation
and remodeling). (b) Osteolytic
bone (unbalanced — increase in
osteoclastic activity). (c) Osteoblastic
bone (unbalanced —increase in bone
formation).
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treatments must occur to allow bone marrow recov-
ery.

An alternative to systemic delivery is the use of ra-
dioisotopes that target bone. There are four such agents
available: 39strontium (3°Sr), 32phosphorous %p),
186 hennium (186Re), and 3samarium (133Sm). 39Sr
is the most commonly used due to its greater specificity
for bone. All of these agents target osteoblastic activity.
They emit beta particles and are associated with less
systemic toxicity than hemibody radiation. However,
bone marrow suppression is still a risk. Use of these
radiopharmaceuticals is limited due to the expense of
the drugs and by storage and disposal requirements
(Hoskin 2003). Current radioisotope research is focus-
ing on low energy electron emitters over the current
energetic f emitters to produce therapeutic benefit with-
out bone marrow suppression (Bouchet et al. 2000).
Local irradiation is the treatment of choice for localized
bone pain, because this method is associated with a low
incidence of local toxicity and virtually no systemic toxi-
city. Radiotherapy often provides relatively prompt pain
relief, which is probably due to reduced effects of local
inflammatory cells responsible for the release of inflam-
matory mediators, not tumor regression alone.
Bisphosphonates are another form of systemic treatment
for bone pain. A recent meta-analysis of 30 random-
ized controlled trials, to evaluate relief of pain from
bone metastases, supports the use of bisphosphonates
as adjunct therapy when primary analgesics and/or
radiotherapy are inadequate to treat the pain (Wong
and Wiffen 2002). Evidence is lacking for the use of
bisphosphonates as first line therapy for immediate
relief of bone pain.

Two bisphosphonates are currently approved for the
treatment of painful boney metastasis in the United
States; pamidronate and zoledronic acid. Both are in-
travenous preparations. Doses of 90 mg pamidronate
administered over two to four hours and 4 mg zole-
dronic acid administered over 15 min every three to
four weeks have comparable effectiveness in reducing
the need for radiotherapy, decreasing the occurrence
of fractures, and reducing pain scores (Lucas and Lip-
man 2002). The most common adverse effects of both
agents include bone pain, anorexia, nausea, myalgia,
fever, and injection site reaction. Bisphosphonates have
been associated with renal toxicity. Bisphosphonates
bind strongly to the bone surface and are taken up by
osteoclasts during bone resorption. The osteoclasts are
then inhibited and apoptosis is induced. The reduction
in the number of osteoclasts inhibits boney metastasis.
The bisphosphonates also have an anti-tumor effect,
possibly due to drug uptake in tumor cells (Green and
Clezardin 2002).

Although NSAIDs are generally considered first-line
drugs for mild cancer pain, their specific role in boney
pain is currently being investigated. A recent study in
mice evaluated a cycloxygenase-2 (COX-2) selective

NSAID on movement-evoked cancer bone pain and
tumor burden. A decrease of ongoing and movement-
evoked pain was seen in acutely treated mice (day 14
post tumor implantation), and the same decrease in
pain was expressed as well as decreased tumor burden,
osteoclastogenesis, and bone destruction, by 50% of
chronically treated mice (day 6 post tumor implanta-
tion) (Sabino et al. 2002). Tumors that invade bone
express COX-2, possibly as a mechanism for implanta-
tion. This work supports the inhibition of prostaglandin
synthesis as being the mechanism of action of the drugs
in cancer-related bone pain.

Systemic steroids can also be useful adjuvants in
cancer-related bone pain due to broad-spectrum anti-
inflammatory properties. They are most commonly
used for spinal cord compression due to collapse of
vertebrae or pressure by the tumor itself. Approxi-
mately 90% of prostatic metastases involve the spine,
with the lumbar region most commonly affected. Early
diagnosis of spinal cord compression is critical. It
presents as localized back pain in 90-95% of patients;
muscle weakness, autonomic dysfunction and sensory
loss will follow if untreated (Benjamin 2002). Intra-
venous dexamethasone is a steroid of choice due to its
high potency, low mineralocorticoid activity and low
cost.

When primary analgesics, i.e. nonsteroidal anti-inflam-
matory drugs (NSAIDs) and opioids, no longer control
boney pain adequately, adjuvants should be considered.
Local radiation should be used when pain is localized
and fractures are ruled out. Pain due to solid tumors tends
torespond greater toradiotherapy than bisphosphonates.
Generally, as the disease progresses patients will have
received both of these modalities. The role of their use
together has yet to be evaluated. To forestall neurolog-
ical complications of spinal cord compression, steroids
are indicated and should be started promptly upon sus-
picion.
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Definition

Anadjuvantanalgesic (see » adjuvantanalgesics)isany
drug that has a primary indication other than pain, but
is analgesic in some painful conditions.

Characteristics

Cancer pain caused by neuropathic mechanisms is
relatively less responsive to opioid drugs than pain
caused by nociceptive mechanisms (Cherny etal. 1994).
However, when adjuvant analgesics are appropriately
combined with opioid and non-opioid analgesics (anti-
inflammatory drugs, acetaminophen), it is possible to
obtain a degree of analgesia similar to the one achieved
in nociceptive pain (Grond et al. 1999). Several classes
of adjuvant analgesics can be used in neuropathic pain.
Some are useful in a variety of pain syndromes (no-
ciceptive pain, bone pain, myofascial pain) and are,
therefore, termed multipurpose adjuvant analgesics,
whereas others are used specifically for neuropathic
pain. Although adjuvant analgesics are used extensively
to treat cancer-related pain, the scientific evidence is
often limited and data from nonmalignant pain must be
extrapolated.

Anticonvulsants

Nowadays, anticonvulsants are often favored in the
treatment of cancer-related neuropathic pain. Due to its
proven analgesic effect, its good tolerability and paucity
of drug-drug interactions, gabapentin is now recom-
mended as a first-line agent, especially in the medically
ill population (Farrar and Portenoy 2001). It should be
started at 100-300 mg at bedtime, and titrated up until
analgesia is obtained, which usually occurs with a daily
dose of 900-3600 mg. A daily dose higher than 300 mg
should be divided into three separate doses. Adverse
effects (somnolence, mental clouding, and dizziness)
are usually minimal if the titration is gradual, and often
abate within a few days.

Although evidence for the analgesic effect of newer
anticonvulsants (lamotrigine, levetiracetam, oxcar-
bazepine, topiramate, pregabalin, tiagabine, zon-
isamide) is scarce, especially for cancer-related pain,
a positive clinical experience justifies a trial of one of
these when the pain does not respond to gabapentin
(Farrar and Portenoy 2001). The older anticonvulsants,
i.e. carbamazepine, phenytoin and valproic acid, can
also be analgesic, but caution is required due to their
frequent side effects (sedation, dizziness, nausea), nar-
row therapeutic window, numerous drug interactions
and low tolerability in medically ill patients (Farrar and
Portenoy 2001).

Antidepressants

Along with anticonvulsants, antidepressants are the ad-
juvant analgesics most commonly used for neuropathic
pain. The tricyclic antidepressants have been proven
to be analgesic in several types of neuropathic and
non-neuropathic pain (Portenoy 1998). Their frequent
adverse effects, especially in elderly and medically ill
patients, however, limit their use. The secondary amines
(nortriptyline, desipramine) are less anticholinergic
than the tertiary amines (amitriptyline, imipramine,
doxepin, clomipramine) and are often better tolerated
(see » anticholinergics). All tricyclics are, however,
contraindicated in patients with significant cardiac dis-
ease and closed angle glaucoma, and should be used
with caution in patients with prostate hypertrophy.
The analgesic efficacy of newer antidepressants (selec-
tive serotonin reuptake inhibitors, e.g. paroxetine, selec-
tive norepinephrine and serotonin reuptake inhibitors,
e.g. venlafaxine and duoxetine, and others, e.g. bupro-
pion) has been less well documented than for the tri-
cyclics. However, due to their better tolerability, a few
studies supporting their analgesic effect and a favorable
clinical experience, a therapeutic trial is often justified
(Farrar and Portenoy 2001).

Local Anesthetics

Local anesthetics are known to have analgesic proper-
ties in neuropathic pain (Mao and Chen 2000). A brief
intravenous infusion of lidocaine has been shown to
be effective in nonmalignant neuropathic pain. Despite
negative results obtained in randomized controlled trials
in neuropathic cancer pain, clinical experience justifies
considering its use. Lidocaine infusions can be admin-
istered at varying doses within the range of 1-5 mg/kg
infused over 20-30 min and should be done under
cardiac monitoring. Prolonged pain relief following a
brief local anesthetic infusion may be possible. If the
pain recurs, long-term systemic local anesthetic therapy
is usually accomplished using an oral formulation of
mexiletine. Systemic local anesthetics are generally
considered second-line, reserved for the treatment of
severe intractable or ’crescendo’ neuropathic pain (Mao
and Chen 2000).
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The use of a lidocaine 5% patch is associated with
very low systemic absorption and adverse effects. It
has been shown to reduce pain and allodynia from pos-
therpetic neuralgia, and clinical experience supports its
use in a variety of other neuropathic pain conditions
(Argoff 2000).

N-Methyl-D-Aspartate Receptor Blockers

The N-methyl-D-aspartate (NMDA) receptor is in-
volved in the sensitization of central neurons following
injury and the development of the ’wind-up’ phe-
nomenon, a change in the response of the central
neurons that has been associated with neuropathic pain.
Antagonists at the NMDA receptor may, therefore, offer
another approach to the treatment of neuropathic pain
in cancer patients.

Ketamine, administered by intravenous bolus or infu-
sion, or orally, has been shown to be effective in relieving
pain in cancer patients (Jackson et al. 2001; Mercadante
et al. 2000). A subcutaneous or intravenous infusion
can be initiated at low doses (0.1-0.15 mg/kg/h). The
dose can be gradually escalated, with close monitoring
of pain and side effects. Long-term therapy can be
maintained using continuous subcutaneous infusion,
repeated subcutaneous injections or oral administra-
tion. The side effect profile of ketamine can, however,
be daunting, especially in medically ill patients, so only
clinicians who are experienced in the use of parenteral
ketamine should consider this option in patients with
refractory pain.

Dextromethorphan is better tolerated, can be used on
a long-term basis, and has been reported to reduce
phantom limb pain in cancer amputees (Ben Abraham
et al. 2003). A prudent starting dose is 45-60 mg/day,
which can be gradually escalated until favorable ef-
fects occur, side-effects supervene, or a conventional
maximal dose of 1 g is reached.

Amantadine and memantine, non-competitive NMDA
antagonists, are other options. Amantadine, forexample,
has been shown to reduce pain, allodynia and hyperalge-
sia in surgical neuropathic pain in cancer patients (Pud
et al. 1998).

Corticosteroids

By decreasing the peritumoral edema, corticosteroid
drugs can relieve neuropathic pain from infiltration
or compression of neural structures (Watanabe and
Bruera 1994). They also have many other indications
in cancer and palliative care, including improvement of
appetite, nausea, malaise and overall quality of life, as
well as treatment of metastatic bone pain. A high-dose
regimen (e.g. initial dose of dexamethasone 40—100 mg
followed by 16-96 mg/day in divided doses) can be
given to patients who experience an acute episode of
very severe pain not relieved adequately with opioids,
such as that associated with a rapidly worsening malig-
nant plexopathy. More often, a low-dose corticosteroid

regimen (e.g. dexamethasone 1-2 mg once or twice
daily) is used for patients with advanced cancer who
continue to have pain despite optimal dosing of opioid
drugs. Although long-term treatment with relatively low
doses is generally well tolerated, ineffective regimens
should be tapered and discontinued.

Alpha-2-Adrenergic Agonists

Alpha-2-adrenergic agonists are nonspecific multipur-
pose adjuvant analgesics that can be considered after
trials of other adjuvants, mainly antidepressants and
anticonvulsants, have failed. Clonidine, administered
orally or transdermally, can relieve neuropathic pain,
and there is strong evidence that intraspinal administra-
tion of clonidine can be effective in neuropathic cancer
pain. The occurrence of hypotension may limit its use
in medically ill patients.

Tizanidine is an alpha-2-adrenergic receptor agonist
with a better safety profile than oral clonidine. Although
it is mainly used as an antispasticity agent, it can also
be tried as a multipurpose adjuvant analgesic.

Other Adjuvant Analgesics for Neuropathic Pain

Baclofen, an agonist at the gamma aminobutyric acid
type B (GABAB) receptor, can also be considered for
cancer-related neuropathic pain, notwithstanding very
limited evidence of efficacy (Fromm 1994). The effec-
tive doserange is very wide (20 to>200 mg daily), which
necessitates careful titration.

Cannabinoids are analgesic, but their utility in the
treatment of chronic pain is still uncertain (Campbell
et al. 2001). A trial might be considered in refractory
neuropathic pain.

Topical therapies may be very useful. The lidocaine
patch was described previously. Numerous other
drugs — NSAIDs, antidepressants, capsaicin and var-
ied others — have been used. In the cancer population,
local application of capsaicin cream can be effective
in reducing neuropathic postsurgical pain (postmastec-
tomy, postthoracotomy, postamputation) (Rowland et
al. 1997).

Selection of the Most Appropriate Adjuvant Analgesic

When selecting the most appropriate adjuvant for treat-
ment of pain in a cancer patient, a comprehensive
assessment is always warranted (Portenoy 1998). This
includes: 1) description of the pain, including its etiol-
ogy and its relationship to the underlying disease, which
allows inferences about the predominating type of pain
pathophysiology (e.g. nociceptive or neuropathic); 2)
assessment of the impact of pain on function and quality
of life; 3) identification of any relevant comorbidities
that may influence drug selection (e.g. antidepressants
will be favored in a patient with concomitant depres-
sion); 4) identification of associated symptoms (e.g.
corticosteroids may be most appropriate if pain is asso-
ciated with fatigue, nausea or anorexia); 5) assessment
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of the goals of care (e.g. sedation will be better accepted
by the patient and family if the patient’s comfort is the
main objective); 6) evaluation of patient’s other medica-
tions, looking for potential drug interactions (Bernard
and Bruera 2000).

Once the most appropriate adjuvant analgesic has
been identified, a few guidelines should be followed
in the initial prescription and follow-up of this patient
(Portenoy 1998): 1) optimize the opioid and non-opioid
analgesic therapy before adding an adjuvant; 2) start
only one adjuvant at a time, to decrease cumulative
adverse effects; 3) titrate the dose gradually and care-
fully, according to pain relief and adverse effects; 4) if
pain relief is not adequate, consider combining several
adjuvant analgesics of different classes; 5) regularly
reassess the pain relief as well as the response and
adverse effects to analgesic medications and adjust the
therapeutic regimen if necessary.
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Adrenergic Agonist

Definition

An adrenergic agonistis aligand that binds to adrenergic
receptors.

» Adrenergic Antagonist

» Sympathetically Maintained Pain, Clinical Pharma-
cological Tests

|
Adrenergic Antagonist

Definition

An adrenergic antagonist is a drug that prevents ligands
from binding to adrenergic receptors.

» Adrenergic Agonist

» Sympathetically Maintained Pain, Clinical Pharma-
cological Tests

|
Adrenoceptors

Definition

Adrenoceptors are receptors that are located pre- and
postganglionically on effector tissues, most of which are
innervated by postganglionic sympathetic fibers, and are
activated by release of norepinephrine, epinephrine, and
various adrenergic drugs.

» Sympathetically Maintained Pain in CRPS I, Human
Experimentation

|
Adult Respiratory Distress Syndrome

» ARDS
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|
Adverse Effects

Definition

Unwanted side effects of drug treatment.
» NSAIDs, Adverse Effects

|
Adverse Neural Tension

Definition

Adverse neural tension is defined as abnormal physio-

logical and mechanical responses created by the nervous

system components, when their normal range of motion

and stretch capabilities are tested.

» Chronic Pelvic Pain, Physical Therapy Approaches
and Myofascial Abnormalities

|
Adverse Selection

Definition

When worse than average risks are most likely to acquire
insurance.
» Disability Incentives

|
Aerobic Exercise

» Exercise

|
Affective

Definition

Category of experiences associated with emotions that
range from pleasant to unpleasant.
» McGill Pain Questionnaire

|
Affective Analgesia

Definition

Affective Analgesiais the preferential suppression of the
emotional reaction of humans and animals to noxious
stimulation.

» Thalamo-Amygdala Interactions and Pain

|
Affective Component (Aspekt, Dimension) _

of Pain

Definition

Refers to that quality of the pain experience that causes

pain to be unpleasant or aversive. It may be involved in

the ,,suffering* component of persistent pain, and could

also involve separate neural pathways in the brain than

those involved in the sensory-discriminative component

of pain (discrimination and localization of a painful stim-

ulus).

» Amygdala, Pain Processing and Behavior in Animals

» Hypnotic Analgesia

» Primary Somatosensory Cortex (S1), Effect on Pain-
Related Behavior in Humans

» Primary Somatosensory Cortex (SI)

» Thalamo-Amygdala Interactions and Pain

|
Affective Responses

Definition

Changes in mood or emotion-related behaviors elicited

by noxious stimuli. Examples of these responses include

aggressive behavior and freezing.

» Spinohypothalamic Tract, Anatomical Organization
and Response Properties

» Spinothalamic Neuron

|
Affective-Motivational

Definition

Relating to affect and forces that drive behavior.
» Secondary Somatosensory Cortex (S2) and Insula, Ef-
fecton Pain Related Behaviorin Animals and Humans

|
Affective-Motivational Dimension of Pain

Definition

A component of the pain experience that signals the

unpleasant hedonic qualities and emotional reactions

to noxious stimulation; and generates the motivational

drive to escape from or terminate such stimulation. This

corresponds to the subjective experience of the imme-

diate unpleasantness of pain and the urge to respond

behaviorally.

» Nociceptive Processing in the Cingulate Cortex, Be-
havioral Studies in Humans

» Thalamo-Amygdala Interactions and Pain
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|
Afferent Fiber / Afferent Neuron

Definition

Afferentfibers are any of the nerve fibers that bring infor-

mation to a neuron. The cell bodies of afferent fibers in

the peripheral nerves reside in the dorsal root and trigem-

inal ganglion. An afferent neuron is also known as a sen-

sory neuron.

» Postsynaptic Dorsal Column Projection, Functional
Characteristics

» Visceral Nociception and Pain

|
Afferent Projections

Definition

Innervous systems, afferent signals or nerve fibers carry
information toward the brain or a particular brain struc-
ture. A touch or painful stimulus, for example, creates a
sensation in the brain, only after information about the
stimulus travels there via afferent nerve pathways. Ef-
ferent nerves and signals carry information away from
the brain or a particular brain structure.

» Amygdala, Pain Processing and Behavior in Animals

|
Afferent Signal

Definition

An afferent signal is a neurologic signal that comes from
the site of the bone (or any other site of the body) abnor-
mality, and goes towards the central nervous system.

» Cancer Pain Management, Orthopedic Surgery

|
Afterdischarge(s)

Definition

Afterdischarge is the continued nerve response after

the stimulus, or inciting event, has ceased. This usually

refers to both nerve hypersensitivity and prolonged

reactivity.

» Molecular Contributions to the Mechanism of Central
Pain

» Spinal Cord Injury Pain Model, Contusion Injury
Model

» Trigeminal Neuralgia, Diagnosis and Treatment

|
Afterhyperpolarisation

Synonyms
AHP

Definition

For many neuronal cells, an action potential or a burst
of action potentials is followed by a hyperpolarisation,
where the neuronal membrane potential is lower than
the neuron’s normal resting membrane potential. In var-
ious models, different parts of this AHP with different
time constants and different pharmacology have been
described and molecular mechanisms, most of them dif-
ferent potassium channels, have been suggested.

» Mechano-Insensitive C-Fibres, Biophysics

» Molecular Contributions to the Mechanism of Central

Pain

|
After-Pains, Postnatal Pain

» Postpartum Pain

|
Age and Chronicity

» Pain in the Workplace, Risk Factors for Chronicity,
Demographics

|
Age Regression

Definition

This refers to the use of hypnotic suggestion to return
to an earlier time of life in imagination. This technique
is used in the context of psychotherapy utilizing hypno-
sis and may be an exploratory or therapeutic technique.
Studies suggest that age regression is extremely unre-
liable in retrieving accurate information about the past,
but that it can be considered part of the individual’s life
narrative.

» Therapy of Pain, Hypnosis

|
Age-Related Pain Diagnoses

Definition
Pain diagnoses that are more frequent in the elderly, like
osteoarthritis, zoster, arteriitis, polymyalgiarheumatica

or artherosclerotic peripheral vascular disease.
» Psychological Treatment of Pain in Older Populations
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|
Aggression

» Anger and Pain

Agonist

Definition

An agonist is an endogenous or exogenous substance
that can interact with and activate a receptor, initiating
a physiological or a pharmacological response charac-
teristic of that receptor.

» Postoperative Pain, Appropriate Management

|
Agreed Medical Examination

» Independent Medical Examinations

|
AHP

» Afterhyperpolarisation

I
AIDS and Pain

» Painin Human Immunodeficiency Virus Infectionand
Acquired Immune Deficiency Syndrome

|
Alcock’s Canal

Definition

This is the space within the obturator internis fascia lin-
ing the lateral wall of the ischiorectal fossa that transmits
the pudendal vessels and nerves.

» Clitoral Pain

|
Alcohol-Induced Pancreatitis

» Visceral Pain Model, Pancreatic pain

|
Alcoholism

» Metabolic and Nutritional Neuropathies

I
Alfentanil

Definition

This is a short acting very potent opioid.
» CRPS-1 in Children

|
Algesia

» Hyperalgesia

|
Algesic Agent / Algesic Chemical

Definition

A chemical substance that elicits pain when adminis-
tered (or released from pathologically altered tissue)
in a concentration that excites nociceptors. Examples
are: serotonin (5-hydroxytryptamine) and bradykinin
(a nonapeptide).

» Sensitization of Muscular and Articular Nociceptors
» Visceral Pain Model, Angina Pain

|
Algodystrohy

» Complex Regional Pain Syndromes, Clinical Aspects

» Complex Regional Pain Syndromes, General Aspects

» Neuropathic Pain Models, CRPS-I Neuropathy
Model

» Sympathetically Maintained Pain in CRPS I, Human
Experimentation

|
Algogen

Definition

Chemical substance with the ability to induce pain and
hyperalgesia.

» Polymodal Nociceptors, Heat Transduction

» UV-Induced Erythema

|
Algogenic Actions of Protons

Definition
Lowering muscle pH causes acute ischemia pain since
protons produce non-adapting excitation of muscle no-

ciceptors.
» Tourniquet Test
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|
Algometer

Definition

Analgometerisacalibrated device that canapply painful
stimuli of graded intensities. A commonly used device
is the pressure algometer, which is used to evaluate deep
tissue pain threshold (i.e. muscle, tendon, periosteum).
» Threshold Determination Protocols

|
Alice-in-Wonderland Syndrome

Definition

A disorder of perception where visual disturbances
occur. It was given its name due to the fact that the
syndrome’s symptoms are remarkably similar to the
distortions in body image and shape as experienced by
the main character in Lewis Carrol’s 1865 novel “Alice
in Wonderland” Objects either appear to be much larger
(macropsia) or smaller (micropsia) than normal, and
there is also usually an impaired perception of time and
place.

» Migraine, Childhood Syndromes

|
ALIF

Synonyms
Anterior Lumbar Interbody Fusion
Definition

Anterior lumbar interbody fusion are graft/cages placed
between the vertebral bodies by anterior approach.
» Spinal Fusion for Chronic Back Pain

|
Allele Dosage Study

» Association Study

|
Alleles

Definition

Alternate forms of a gene or genetic locus; the basic
unit of genetic variability. Organisms inherit two alleles
(maternal and paternal) of every gene, which may or
may not be identical. Different alleles may produce
protein isozymes (i.e. proteins with different amino
acid sequences), alter expression levels of proteins, or
have no effect whatsoever.

» Cell Therapy in the Treatment of Central Pain

» Heritability of Inflammatory Nociception
» Opioid Analgesia, Strain Differences

|
Allocortex

Definition

Theallocortex isa3—layered cortex. Inthe hippocampus,

the three layers are the stratum oriens, the stratum pyra-

midale and the molecular zone consisting of the stratum

radiatum, and stratum lacunosum-moleculare.

» Nociceptive Processing in the Hippocampus and En-
torhinal Cortex, Neurophysiology and Pharmacology

|
Allodynia

Definition

Allodynia is a nociceptive reaction and/or pain due to

a stimulus that does not normally evoke pain (,,allo* —

,other; ,dynia“ — pain), like mild touch or moderate

cold. The definition of allodynia by the International As-

sociation for the Study of Pain (IASP) is: “Pain induced

by stimuli that are not normally painful” If this definition

is taken literally, it means that any drop in pain threshold

is allodynia, whereas increases in pain to suprathresh-

old stimuli are hyperalgesia. Allodynia is based on sen-

sitized central neurons with increased excitability to A-

beta fiber input, and is critically dependent on the on-

going activity of nociceptive afferent units, particularly

mechano-insensitive C-fibers. It is one of the most dis-

tressing symptoms of neuropathic pain.

» Allodynia and Alloknesis

» Anesthesia Dolorosa Model, Autotomy

» Calcium Channels in the Spinal Processing of Noci-
ceptive Input

» Chronic Pelvic Pain, Musculoskeletal Syndromes

» Clitoral Pain

» Cognitive Behavioral Treatment of Pain

» Complex Regional Pain Syndromes, Clinical Aspects

» CRPS-1 in Children

» CRPS, Evidence-Based Treatment

» Deafferentation Pain

» Descending Circuits in the Forebrain, Imaging

» Diagnosis and Assessment of Clinical Characteristics
of Central Pain

» Dietary Variables in Neuropathic Pain

» Drugs Targeting Voltage-Gated Sodium and Calcium
Channels

» Drugs with Mixed Action and Combinations, Empha-
sis on Tramadol

» Freezing Model of Cutaneous Hyperalgesia

» Functional Changes in Sensory Neurons Following
Spinal Cord Injury in Central Pain
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» Human Thalamic Response to Experimental Pain
(Neuroimaging)

» Hyperaesthesia, Assessment

» Hyperalgesia

» Hyperpathia

» Hyperpathia, Assessment

» Inflammatory Neuritis

» Metabotropic Glutamate Receptors in Spinal Noci-
ceptive Processing

» Neuropathic Pain Model, Tail Nerve Transection
Model

» Nociceptive Circuitry in the Spinal Cord

» Nociceptive Processinginthe Amygdala, Neurophys-
iology and Neuropharmacology

» Opioid Receptor Trafficking in Pain States

» Pain Modulatory Systems, History of Discovery

» Percutaneous Cordotomy

» PET and fMRI Imaging in Parietal Cortex (SI, SII, In-
ferior Parietal Cortex BA40)

» Postherpetic Neuralgia, Etiology, Pathogenesis and
Management

» Postherpetic Neuralgia, Pharmacological and Non-
Pharmacological Treatment Options

» Post-Stroke Pain Model, Thalamic Pain (Lesion)

» Psychiatric Aspects of Visceral Pain

» Purine Receptor Targets in the Treatment of Neuro-
pathic Pain

» Satellite Cells and Inflammatory Pain

» Spinal Cord Injury Pain Model, Contusion Injury
Model

» Sympathetically Maintained Pain in CRPS II, Human
Experimentation

» Thalamotomy, Pain Behavior in Animals

» Thalamus, Dynamics of Nociception

» Transition from Acute to Chronic Pain

|
Allodynia (Clinical, Experimental)

ROLF-DETLEF TREEDE

Institute of Physiology and Pathophysiology, Johannes
Gutenberg University, Mainz, Germany

treede @uni-mainz.de

Synonyms

Touch Evoked Pain; dynamic mechanical hyperalgesia;
obsolete: hyperaesthesia

Definition

The term “allodynia” was introduced to describe a
puzzling clinical phenomenon; in some patients, gentle
touch may induce a pronounced pain sensation (“touch
evoked pain”). In the current taxonomy of the Inter-
national Association for the Study of Pain (IASP),
allodynia is defined as: Pain induced by stimuli that are
not normally painful.

If taken literally, this definition means that any reduc-
tion in pain threshold would be called “allodynia”.
According to the TASP taxonomy, increases in pain
to suprathreshold stimuli are called “» hyperalgesia”.
Because the neural mechanisms of » sensitization typ-
ically cause a leftward shift in the stimulus-response-
function that encompasses both reduced thresholds and
increased suprathreshold responses, these definitions
have been controversial ever since their introduction.
Moreover, behavioral studies in animals often use with-
drawal threshold measures without any suprathreshold
tests, leading to an inflationary use of the term “allo-
dynia” in studies that often bear no resemblance to the
initial clinical phenomenon. An alternative definition
that captures the spirit of the original clinical obser-
vations (Merskey 1982; Treede et al. 2004) defines
allodynia as: Pain due to a non-nociceptive stimulus.
This definition implies that allodynia is pain in the ab-
sence of the adequate stimulus for » nociceptive affer-
ents (touch is not a “» nociceptive stimulus’). Opera-
tionally, the presence of mechanical allodynia can be
tested with stimulators that do not activate nociceptive
afferents (e.g. a softbrush). The situation is less clear for
other stimulus modalities such as cooling stimuli. For
those cases, where it is not clinically possible to deter-
mine whether or not the test stimuli activate nociceptive
afferents, “hyperalgesia” is useful as an umbrella term
for all types of increased pain sensitivity.

Characteristics

Some patients — particularly after peripheral nerve le-
sions — experience pain from gentle touch to their skin,
a faint current of air or mild cooling from evaporation
of a drop of alcohol. Touch-evoked pain may adapt
during constant skin contact, but is readily apparent for
all stimuli applied in a stroking movement across the
skin (Fig. 1). Touch-evoked pain is also called dynamic
mechanical allodynia (Ochoa and Yarnitsky 1993).
Reaction times of touch-evoked pain are too short for
C-fiber latencies and it can be abolished by an A-fiber
conduction block (Campbell et al. 1988). Moreover,
both mechanical and electrical pain thresholds in those
patients are often identical to the normal tactile de-
tection thresholds (Gracely et al. 1992). These lines
of evidence suggest that this strange pain sensation is
mediated by AB-fiber low-threshold mechanoreceptors
(touch receptors).

It was difficult to find the correct term to describe this
clinical phenomenon. Because of the altered perceived
quality of tactile stimuli, it was called “painful tactile
dysesthesia” Due to the increased perceptionin response
toatactile stimulusit wasalso called “hyperesthesia” de-
fined as “astate in which a stimulus, which does not cause
pain in normally innervated tissues, does cause pain in
the affected region” (Noordenbos 1959; quoted from
Loh and Nathan 1978, who added that this was typically
avery slightstimulus). This definition, however, ignored
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Allodynia (Clinical, Experimental), Figure 1 Assessment of dynamic mechanical allodynia. A 57-year-old male patient with a plexus lesion following
abdominal surgery on the left side. (a) Gentle tactile stimuli that do not activate nociceptive afferents were moderately painful on the affected left leg
(filled circles), whereas they elicited normal non-painful touch sensation on the unaffected right leg (open circles). Note that the intensity of allodynia was
independent of the pressure exerted by the three stimulators that were stroked across the skin at the same speed. CW cotton wisp, QT cotton-tipped
applicator, BR brush. Mean £ SEM across five measurements. (b) Photograph of the three stimulators used for the assessment of dynamic mechanical
allodynia in the quantitative sensory testing (QST) protocol of the German Research Network on Neuropathic Pain (Rolke et al. 2006) and video of their

mode of application.

the change in perceived quality (from tactile to painful).
According to the perceived quality, this phenomenon
should have been called “mechanical hyperalgesia”.
Atthetime when mostof the clinical characteristics of al-
lodynia had been established, the only known neurobio-
logical mechanism of hyperalgesia was peripheral sensi-
tization of nociceptive afferents (Raja et al. 1999), lead-
ing to heat hyperalgesia at an injury site (primary hyper-
algesia). Peripheral sensitization differs from the clinical
phenomenon described above in many characteristics; it
is spatially restricted to injured skin and the enhanced
sensitivity is for heat stimuli, not for mechanical stim-
uli. The concept of central sensitization was introduced
much later than the concept of peripheral sensitization
(Woolf 1983). Thus, hyperalgesia also appeared to be an
inadequate term at that time. As a consequence, a new
word was introduced, “allodynia” indicating “a different
type of pain” (Merskey 1982).

Dynamic mechanical allodynia occurs in a variety of
clinical situations, secondary hyperalgesia surrounding
an injury site, postoperative pain, joint and bone pain,
visceral pain and delayed onset muscle soreness, as
well as many » neuropathic pain states.

Mechanisms of Allodynia

The fact that both nociceptive and tactile primary af-
ferents converge on one class of central nociceptive

neurons (WDR: wide dynamic range), led to the pro-
posal that central sensitization of WDR neurons to
their normal synaptic input may be the mechanism
behind dynamic mechanical allodynia. These mech-
anisms were elucidated in an experimental surrogate
model (» secondary hyperalgesia surrounding a site of
capsaicin injection). Parallel experiments in humans
and monkeys showed that capsaicin injection induced
dynamic mechanical allodynia (LaMotte et al. 1991)
without any changes in the mechanical response prop-
erties of nociceptive afferents (Baumann et al. 1991).
The responses of spinal cord WDR neurons to brushing,
however, were increased following capsaicin injection;
in addition, nociceptive specific HT neurons became
responsive to brushing stimuli (Simone et al. 1991).
Thus, » central sensitization consisted of enhanced
responses of central nociceptive neurons to a normal
peripheral input. This was confirmed in humans by
electrical microstimulation of tactile AP-fibers that
evoked a sensation of touch in normal skin but touch
plus pain in hyperalgesic skin (Torebjork et al. 1992).
Central sensitization resembles long-term potentiation
of excitatory synaptic transmission in other neural
systems (Sandkiihler 2000). High-frequency electrical
stimulation patterns that induce long-term potentiation
of synaptic transmission in the dorsal horn also induce
mechanical allodynia in human subjects that may out-
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last the conditioning stimulus for several hours (Klein
et al. 2004). Chronic maintenance of the central sensiti-
zation leading to allodynia however, appears to depend
on a continuous peripheral nociceptive input that can
be dynamically modulated, e.g. by heating and cooling
the skin (Gracely et al. 1992, Koltzenburg et al. 1994).

Conflicting Terminology and the Inflationary Use of “Allody-
nia”

Aftertheintroduction of the word “allodynia” there were
two terms that could describe a state of increased pain
sensitivity, hyperalgesia and allodynia. Researchers and
clinicians alike started to wonder, when to use which
term. The 1994 edition of the IASP pain taxonomy ad-
dressed this issue by reserving the word “hyperalgesia”
for an enhanced response to a stimulus that is normally
painful. Pain induced by stimuli that are not normally
painful was to be called “allodynia” Technically, this
means that any reduction in pain threshold shall be
called “allodynia” (Cervero and Laird 1996).

Table 1 illustrates why this definition was controversial
ever since its introduction. » Peripheral sensitization
leads to a leftward shift of the stimulus response func-
tion for heat stimuli, consisting of both a reduction in
threshold and an increase in response to suprathreshold
stimuli (Raja et al. 1999). The psychophysical corre-
late, » primary hyperalgesia to heat, now needs to be
described with two different terms, simply depending
on how it is being tested; if a researcher decides to de-
termine heat pain threshold, its reduction is called “heat
allodynia” if the researcher decides to use suprathresh-
old stimuli, the increase in perceived pain is called “heat
hyperalgesia” Thus, the 1994 IASP taxonomy led to the
paradoxical situation thattwo different names are used to
describe a unitary phenomenon, the psychophysical cor-
relate of peripheral sensitization. Likewise, secondary
hyperalgesia to pinprick stimuli as a psychophysical
correlate of central sensitization to A-fiber nociceptor

Allodynia (Clinical, Experimental), Table 1 Peripheral and central sen-
sitization, allodynia and hyperalgesia

Clinical
phenomenon

Peripheral
sensitization

touch evoked pain tactile AB-fibers X
reduced threshold to A8-nociceptors X
pinprick pain

increased response to A3-nociceptors X
pinprick pain

reduced threshold to AS- and X

heat pain C-nociceptors

AS- and X
C-nociceptors

increased response to
heat pain

Central
sensitization

input is also characterized by reduced pain threshold
plus increased suprathreshold pain (Treede et al. 2004).
The 1994 IASP taxonomy was only reluctantly accepted
in the scientific community, since time-honored terms
such as primary and secondary hyperalgesia (for review
see Treede et al. 1992) were artificially fractionated. In
the recent past, allodynia was used for an increasing
number of phenomena, particularly in animal stud-
ies, simply because it is often less difficult to obtain
a threshold measure than a suprathreshold measure.
This excessive use of the term allodynia however, has
distracted from its original clinical implications. The
mechanisms of reduced heat pain threshold have noth-
ing in common with touch-evoked pain, yet both are
being called allodynia. In fact, most of the animal studies
that use the term “allodynia” are irrelevant for clini-
cal allodynia, because they study reduced withdrawal
thresholds for nociceptive stimuli (heat or pinprick).
Instead of artificially dividing two sub-phenomena that
by mechanisms of sensitization are intimately linked
(threshold and suprathreshold changes), the terms al-
lodynia and hyperalgesia should provide guidance
towards a mechanism-based classification of pain.
Contrary to the intentions of the authors of the IASP
taxonomy, the inflationary use of “allodynia” was also
counterproductive for furthering the understanding of
the clinical phenomenon that it was originally conceived
for, touch-evoked pain.

Clinical Implications and a Unifying Proposal

Semantically, the term ’allodynia’ implies pain by a
stimulus that is alien to the nociceptive system (oA Xoo,
Greek for *other’). Thus, allodynia should only be used
when the mode of testing allows inference to a pain
mechanism that relies on activation of a non-nociceptive
input (e.g. low-threshold mechanoreceptors). If pain is
reported to stroking the skin with gentle tactile stimuli,
this mechanism is strongly implied and such tests are

IASP taxonomy 1994 Proposed taxonomy
allodynia Hyperalgesia  allodynia G EEE]
X X (x)
X X

X X
X X

X X

3Hyperalgesia is proposed to be used as an umbrella term for all types of enhanced pain sensitivity
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easily employed in clinical trials as well as in daily prac-
tice. The distinction whether enhanced pain sensitivity
is due to facilitation of nociceptive or non-nociceptive
input is less clear for other stimuli. For example, pain
dueto gentle cooling, whichis a frequent finding in some
neuropathic pain states, is still enigmatic and so is the
distinction of whether it should be called hyperalgesia
or allodynia to cold. Peripheral sensitization of nocicep-
tive afferents, central sensitization to non-nociceptive
cold fiber input or central disinhibition by selective loss
of a sensory channel specific for non-noxious cold that
exerts a tonic inhibition of nociceptive channels are
valid alternatives (Wasner et al. 2004).

Thus, in many cases, the mechanism of enhanced pain
sensitivity may be unknown and it will not be evident
whether or not a test stimulus activates nociceptive
afferents. For these situations it is useful to have an
umbrella term that does not imply any specific mecha-
nism. Hyperalgesia traditionally was such an umbrella
term, corresponding to the leftward shift in the stimulus
response function relating magnitude of pain to stimu-
lus intensity. Parallel to the definition of sensitization,
hyperalgesia was characterized by a decrease in pain
threshold, increased pain to suprathreshold stimuli and
spontaneous pain. We have therefore suggested the
reinstitution of hyperalgesia as the umbrella term for
increased pain sensitivity in general (as the antonym
to » hypoalgesia) and returning the term allodynia
to its old definition, i.e. describing a state of altered
somatosensory signal processing wherein activation
of non-nociceptive afferents causes pain (Treede et al.
2004).
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Synonyms
Alloknesis and Allodynia

Definition

Allodynia and alloknesis are abnormal sensory states
wherein normally innocuous stimuli elicit unpleasant
sensations or aversive responses.

» Allodynia is the » nociceptive sensation or aver-
sive response evoked by a stimulus that is normally
non-nociceptive (“allo” — “other”; “dynia” - pain). For
example, a light stroking of the skin produced by the
lateral motion of clothing, or the heat produced by the
body are stimuli that do not elicit nociceptive sensations
or responses under normal circumstances. However,
these stimuli may become nociceptive after a cutaneous
injury produced, for example, by sunburn. In contrast,
» hyperalgesia is defined as the abnormal nociceptive
state in which a normally painful stimulus such as the
prick of a needle elicits a greater than normal duration
and/or magnitude of pain.

» Alloknesis is the itch or » pruriceptive sensation
(from the Latin word prurire, to itch) or scratching
behavior evoked by a stimulus that is normally non-
pruriceptive (“allo”, and “knesis”, an ancient Greek
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word for itching). For example, a light stroking of the
skin normally evokes the sensation of touch and perhaps
tickle but not itch. However, when cutaneous alloknesis
develops within the vicinity of a mosquito bite, or is
present in an area of dermatitis, a light stroking of the
skin can evoke an itch or exacerbate an ongoing itch.
In contrast, » hyperknesis is defined as the abnormal
pruriceptive state in which a normally pruritic stimulus
(such as a fine diameter hair which can elicit a prickle
sensation followed by an itch) elicits a greater than nor-
mal duration and/or magnitude of itch. The cutaneous
areas of enhanced itch (alloknesis and hyperknesis) are
also referred to as “» itchy skin.”

The abnormal sensory states of allodynia, alloknesis,
hyperalgesia and hyperknesis that are initiated by an
inflammatory or irritating stimulus can exist both within
the area directly exposed to the stimulus (in which case
they are termed “primary”) and can sometimes extend
well beyond the area (in which case the sensory states
outside the area are termed “secondary”). For example,
when the skin receives a local, first-degree burn, pri-
mary allodynia and hyperalgesia may exist within the
burned skin and secondary allodynia and hyperalgesia
in the skin immediately surrounding the burn.

Characteristics

Allodynia is exhibited in a variety of forms such as the
tenderness of the skin to combing the hair during a mi-
graine headache, the discomfort of normal movements
of the gut with irritable bowel syndrome, the soreness of
muscles accompanying musculoskeletal inflammation
or trauma and the chronic tenderness to touch or to gentle
warming of the skin associated with traumaor inflamma-
tory diseases of the peripheral or central nervous system.
Allodynia can also be experimentally produced by the
application of a noxious or irritant thermal, mechanical
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or chemical stimulus to the skin. For example, an intra-
dermal injection into the forearm of capsaicin, the irri-
tant agent in hot peppers, elicits not only a burning pain
in the immediate vicinity of the injection site but allo-
dynia and hyperalgesia to mechanical stimulation in the
surrounding skin not in contact with the irritant (LaM-
otte et al. 1991) (Fig. 1a).

Alloknesis

Itchy skin and/or itch are characteristic of many cuta-
neous disorders such as atopic, allergic and irritant con-
tact dermatitis and can accompany such systemic dis-
eases as renal insufficiency, cholestasis, Hodgkin’s dis-
ease, polycythemia vera, tumors and HIV infection.
Alloknesis can be experimentally produced in human
volunteers by the iontophoresis (Magerl et al. 1990) or
intradermal injection (Simone et al. 1991b) of histamine
into the skin. The histamine evokes a sensation of itch
accompanied by local cutaneous reactions consisting of
a flare (redness of the skin mediated by a local axon re-
flex wherein vasodilatory neuropeptides are released by
collaterals of activated nerve endings) and a wheal (lo-
cal edema) (Simone et al. 1991b) (Fig. 1B). Within the
wheal and within the surrounding skin that is not ex-
posed to histamine, there develops alloknesis to lightly
stroking the skin and hyperknesis and hyperalgesia to
mechanical indentation of the skin with a fine prickly
filament (Simone et al. 1991b; Atanassoff et al. 1999).
Itch and alloknesis can also be produced in the ab-
sence of a flare or wheal by single spicules of cowhage
(Mucuna pruriens), a tropical legume (Shelley and
Arthur 1957; Graham et al. 1951) (Fig. 1C). Because
the wheal and flare are elicited in response to histamine,
the absence of these reactions in response to cowhage
suggests that itch and itchy skin can be elicited by
histamine-independent mechanisms, as is the case in
most kinds of clinical pruritus.

C. Cowhage
. a® s ] ™ .
2 . Allodynia and Alloknesis,
. Figure 1 Abnormal sensory states
produced by algesic or pruritic
chemicals applied to the volar
forearm in human. (A) The borders of
punctate hyperalgesia and allodynia
to stroking after an intradermal
injection of capsaicin (100 j.g).
(B) The wheal and the borders of
hyperalgesia and hyperknesis to
punctate stimulation and alloknesis
to stroking after an intradermal
injection of histamine (20 j.g). (C) The
borders of hyperknesis, hyperalgesia
and alloknesis after the insertion a
few cowhage spicules into the skin.
Capsaicin and histamine evoked a
flare (not shown) but cowhage did
not. A different subject was used in
each experiment.
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Interactions Between Pain and Itch

Pain and hyperalgesia have an inhibitory effect on itch
anditchy skin. The enhanced itch anditchy skinresulting
from injecting histamine into an anesthetic bleb of skin
(as opposed to a bleb of saline) have been explained on
the basis of areduced activation of histamine responsive
nociceptive neurons (Atanassoffetal. 1999). In contrast,
histamine induced itch and itchy skin are absent or atten-
uated in the hyperalgesic skin surrounding a capsaicin
injection (Brull et al. 1999). Thus, even though allok-
nesis and hyperknesis co-exist with the area of mild hy-
peralgesiainduced by histamine (Fig. 1B), they are sup-
pressed or prevented from developing when the hyper-
algesia becomes sufficiently intense, as is the case after
the injection of capsaicin. Similarly, cowhage spicules
produced neither itch nor alloknesis within an area of hy-
peralgesia produced by aheatinjury of the skin (Graham
etal. 1951). Observations such as these confirm the ex-
istence of functional interactions between pruriceptive
and nociceptive neural systems and lend support to the
hypothesis that the mechanisms of itch and itchy skin are
inhibited centrally by mechanisms that underlie pain and
hyperalgesia (Brulletal. 1999; Nilssonetal. 1997; Ward
et al. 1996).

Neural Mechanisms of Allodynia and Alloknesis

Allodynia and hyperalgesia from an intradermal injec-
tion of capsaicin are believed to be initiated as a result of
activity in a subpopulation of mechanically insensitive
nociceptive afferent peripheral neurons (MIAs) (LaM-
otte 1992; Schmelz et al. 2003). A working model of the
neural mechanisms of capsaicin induced allodynia and
hyperalgesia posits that capsaicin responsive MIAs re-
lease neurochemicals that sensitize nociceptive neurons
in the dorsal horn of the spinal cord. These neurons, in
turn, receive convergent input from a) low-threshold
primary afferents with thickly myelinated axons me-
diating the sense of touch and b) nociceptive afferents
with thinly myelinated axons mediating the sense of
mechanically evoked pricking pain. The sensitized neu-
rons exhibit a de novo or greater than normal response
to innocuous tactile stimuli, as well as an enhanced
response to noxious punctate stimulation, thereby ac-
counting for allodynia and hyperalgesia respectively.
In support of this is the reported sensitization of no-
ciceptive spinothalamic tract (STT) neurons, recorded
electrophysiologically in animals, to innocuous touch
and to noxious punctate stimulation after an intrader-
mal injection of capsaicin (Simone et al. 1991a) via
a mechanism called » central sensitization (see also
Fig. 2 in » ectopia, spontaneous regarding possible
chronic central sensitization leading to allodynia and
hyperalgesia after injury of peripheral sensory neurons).
Alloknesis and hyperknesis might be explained using
a similar mechanistic model (LaMotte 1992). That
is, there may exist pruriceptive STT neurons that can
become sensitized to light mechanical touch and to

punctate stimulation with a fine filament, after an ap-
plication of histamine or cowhage to the skin, thereby
accounting for alloknesis and hyperknesis respectively.
Subpopulations of mechanosensitive nociceptive pe-
ripheral neurons with unmyelinated axons respond,
in humans, to histamine (Handwerker et al. 1991)
and, in the cat, to cowhage spicules (Tuckett and Wei
1987). Histamine also activates a subpopulation of
MIAs with unmyelinated axons in humans (Schmelz
et al 1997). Some of these neurons in human and cat
exhibited responses that were comparable in time
course to the sensation of itch reported by humans in
response to the same stimuli. In addition, a few STT
neurons with properties similar to the histamine sen-
sitive MIAs were identified in the superficial dorsal
horn of the cat (Andrew and Craig 2000). Similarly,
a subpopulation of mechanically sensitive, ventrolat-
eral spinal axons with nociceptive properties in the cat
responded to cutaneous insertion of cowhage spicules
(Wei and Tuckett 1991). However, the primary sensory
neurons and spinal neurons responsive to histamine
or to cowhage also responded to nociceptive stim-
uli that do not elicit itch in humans (Schmelz et al.
2003).

In the absence of itch-specific peripheral sensory neu-
rons, it is possible that itch is encoded by pruriceptive
central neurons, for example in the spinal dorsal horn,
that are activated by peripheral neurons responsive to
both pruritic and nociceptive stimuli but inhibited by in-
terneurons thatare activated only by noxious but not pru-
ritic stimuli. Such interneurons may well receive input
from known nociceptive specific afferents that respond
to noxious stimuli such as capsaicin, heat or mechan-
ical stimuli but do not respond to pruritic stimuli such
as histamine. This “occlusion theory of itch” (Handw-
erker 1992) suggests that itch is felt only in the absence
of activity in nociceptive neurons that would occlude
or inhibit activity in the pruriceptive neurons. Presum-
ably, the pruriceptive neurons would also be inhibited by
sensitized central neurons responsible for maintaining a
state of allodynia.
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Allodynia in Fibromyalgia

Definition

A lowered pain threshold characterizes the examina-
tion findings in fibromyalgia. Allodynia can be caused
in animal systems by strategic manipulation of no-
ciceptive neurochemicals. Studies of the nociceptive
neurochemicals in FMS spinal fluid have found them
to be abnormal in concentration and/or correlated with
the symptoms. As a result, FMS can now be identified
as chronic, widespread allodynia. These observations
change the way FMS is viewed, and identify it as a
remarkably interesting human syndrome of chronic
central neurochemical pain amplification.

» Muscle Pain, Fibromyalgia Syndrome (Primary, Sec-

ondary)

|
Allodynia Test, Mechanical and Cold
Allodynia
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Synonym

Mechanical Allodynia Test; cold allodynia test

Definition

Allodynia is defined as “pain due to a stimulus which
does not normally provoke pain” by the International
Association for the Study of Pain (Lindblom et al. 1986).
It is important to recognize that allodynia involves a
change in the quality of a sensation, since the original
modality is normally non-painful but the response is
painful. There is, thus, a loss of specificity of a sensory
modality.

Characteristics

Because allodyniais an evoked pain, testing requires an
external stimulation of non-painful quality. Two differ-
ent types of stimulation have been used to test allody-
nia in animal models of neuropathic pain: mechanical
and cold. All testing methods rely on foot withdrawal
response to stimulus, based on the premise that the an-
imal’s avoidance of touching or cooling is an allodynic
reaction.

Mechanical Allodynia Test: Foot Withdrawal Response to Von
Frey Filament Stimulus

Since mechanical allodynia is a major complaint of neu-
ropathic pain patients , testing for signs of mechanical
allodynia is an important aspect of behavioral tests for
neuropathic pain. Mechanical allodynia, is often tested
by quantifying mechanical sensitivity, using a set of
von Frey filaments (a series of nylon monofilaments of
increasing stiffness that exert defined levels of force as
they are pressed to the point where they bend; Stoelting
Co., Wood Dale, IL). Mechanical sensitivity is quanti-
fied either by determining mechanical threshold (Baik
et al. 2003; Chaplan et al. 1994; Tal and Bennett 1994),
or by measuring response frequency (Hashizume et
al. 2000; Kim and Chung 1992).

Measurement of Mechanical Thresholds

Although there are several ways of measuring mechani-
cal thresholds, we measure foot withdrawal thresholds to
mechanical stimuli by using the up-down method (Baik
et al. 2003; Chaplan et al. 1994). The rats are placed
under a transparent plastic dome (85x80x280mm) on
a metal wire mesh floor. A series of 8 von Frey (VF)
filaments with approximately equal logarithmic in-
cremental (0.22) VF values (3.65, 3.87, 4.10, 4.31,
4.52,4.74, 492, and 5.16) are used to determine the
threshold stiffness required for 50% paw withdrawal.
Because VF values are logarithmically related to gram
(g) values [VF=log (1000xg)], the chosen VF numbers
are equivalent to 0.45,0.74, 1.26,2.04,3.31,5.50, 8.32,
and 14.45 in gram value, respectively. Starting with
filament 4.31, VF filaments are applied perpendicular
to the plantar surface of the hind paw and depressed
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until they bent for 2 to 3 seconds. Whenever a positive
response to a stimulus occurs, the next smaller VF fila-
ment is applied. Whenever a negative response occurs,
the next higher one is applied. The test is continued
until the response of 6 stimuli, after the first change in
response, has been obtained or until the test reaches
either end of the spectrum of the VF set. The 50%
threshold value is calculated by using the formula of
Dixon: 50% threshold=X+kd, where X is the value of
the final VF filament used (in log units), k is the tabular
value for the pattern of positive/negative responses,
and d is the mean difference between stimuli in log
units (0.22). In the case where continuous positive or
negative responses are observed all the way out to the
end of the stimulus spectrum, values of 3.54 or 5.27 are
assigned, respectively, by assuming a value of 0.5 for
k. The outcome of behavioral data are expressed as VF
values (maximum range, 3.54 to 5.27) and plotted in
a linear scale. Because VF values are logarithmically
related to gram values, plotting in gram values requires
logarithmic plots. The mechanical threshold for foot
withdrawal in a normal rat is usually a VF value of 5.27
(18.62 g) (Baik et al. 2003). After L5 spinal nerve liga-
tion, mechanical thresholds decline to around the 3.54
(0.35 g) range by the 3" day, and this level is maintained
for weeks (Park et al. 2000). Since thresholds of most
nociceptors are higher than 1.5 g (Leem et al. 1993),
foot withdrawals elicited lower than this value can be
assumed to be mechanical allodynia.

Another method has also been used to determine me-
chanical thresholds based on foot withdrawal reflex re-
sponses to VF filament stimulation. In this experimental
paradigm, a series of VF filaments whose stiffness are
within a non-painful stimulus range are selected, based
on the testing locations. The VF filaments are applied
perpendicular to the skin and depressed until they bend,
flexor withdrawal reflexes are then observed. Starting
from the weakest filament, the von Frey filaments are
tested in order of increasing stiffness. The minimum
force required to elicit a flexor withdrawal reflex is
recorded as the mechanical threshold. Depending on
each specific experiment, the number of applications
with each VF filament, times of intervals between stim-
uli, and the criteria of threshold determination were
somewhat variable. For example, the first filament in
the series that evoked at least 1 response from 5 applica-
tions was designated as the threshold by Tal & Bennett
(1994), while Ma & Woolf (1996) determined that the
minimum force required to elicit a reproducible flexor
withdrawal reflex on each of 3 applications of the VF
filaments would be recorded as the threshold.

Measurements of Paw Withdrawal Frequencies

The general method of stimulus application with VF fil-
aments, and recording positive or negative withdrawal
reflex responses, are the same as the method used for the
threshold measurement. The differences are:

1. Sensitivity testing is done by repeated stimuli with
each defined VF filament

2. Frequency of positive response is measured and used
as an indicator of tactile sensitivity.

In one experiment, mechanical stimuli are applied to the
plantar surface of the hind paw with 6 different von Frey
filaments ranging from 0.86to 19.0 g (0.86, 1.4,2.5, 5.6,
10.2,19.0 g). The 0.86 g and 19.0 g filaments produce a
faint sense of touch and a sense of pressure, respectively,
when tested on our own palm. A single trial of stim-
uli consisted of 6-8 applications of a von Frey filament
within a 2-3 sec period; each trial is repeated 5 times at
approximately 3 min. intervals on each hind paw. The
occurrence of foot withdrawal in each of 5 trials was ex-
pressed as a percent response frequency [number of foot
withdrawals/5 (number of trials) x 100=% response fre-
quency], and this percentage is used as an indication of
mechanical sensitivity. For a given testday, the same pro-
cedure is repeated for the remaining 5 different von Frey
filaments, in ascending order starting from the weakest.
In the sham operated control rat, the strongest VF fila-
ment (19.0 g) produces a 10% response, but none of the
other filaments produced any response (0%). Seven days
after L5/6 spinal nerve ligation, response frequency in-
creases to40% and 80% by stimuli with0.86 gand 19.0g
filaments, respectively (Kim and Chung 1992).

In another experimental paradigm, rats are subjected to
three sequential series of ten tactile stimulations to the
plantar surface of the hind paw using 2 and 12 g VF fil-
aments. Mechanical allodynia is assessed by recording
the total number of responses elicited during three suc-
cessive trials (ten stimulations/each filament), separated
by at least 10 min for a total possible score of 30. The
terms for the allodynic condition are defined based on the
average responses to 12 g von Frey stimulation in each
group as follows: minimal (0-5), mild (5-10), moderate
(10-15), robust (15 and more) (Hashizume et al. 2000).

Cold Allodynia Test: Foot Withdrawal Response to Acetone or
Cold Plate

Two different methods have been used for cold allodynia
testing in animal models of neuropathic pain: the acetone
test and the cold plate test.

Acetone Test

The rat is placed under a transparent plastic dome on a
metal mesh floor and acetone is applied to the plantar
surface of the foot. Application of acetone is done by an
acetone bubble formed at the end of a piece of polyethy-
lene tubing (1/16” ID), which is connected to a syringe.
The bubble is then gently touched to the heel. The ace-
tone quickly spreads over the proximal half of the plantar
surface of the foot and evaporates. On our own volar sur-
face of the forearm, this stimulus produces a strong but
non-painful cooling sensation as the acetone evaporates.
Normal rats either ignore the stimulus, or it produces a
very brief and small withdrawal reflex. After L5/6 spinal



Alloknesis and Allodynia 57

nerve ligation, rats briskly withdraw the hind foot after
some delay (about 0.2—0.3 sec) and subsequently shake,
tap, or lick the hind paw in response to acetone applica-
tion to the affected paw. For quantification of cold allo-
dynic behavior, acetone is applied 5 times (once every
5 min) to each paw. The frequency of foot withdrawal is
expressed as apercent: (number of trialsaccompanied by
brisk foot withdrawal) x 100/(number of total trials). As
acontrol, warm water (30°C) is applied in the same man-
ner as acetone. A significant increase in the frequency
of foot withdrawals in response to acetone application
was interpreted as cold allodynia (Choi et al. 1994).

In another experiment, 0.15 ml of acetone was sprayed
onto the plantar surface of the hind paw for assaying
cold allodynia. As in the acetone bubble test, normal
rats either ignore the stimulus or it produces a very
brief and small withdrawal reflex. Rats with sciatic
neuritis reacted with a large and prolonged withdrawal
response. Approximately one-half of the neuritic rats
displayed cold allodynia while almost all rats with
chronic constriction injury to the sciatic nerve showed
cold allodynia (Bennett 1999).

Cold Plate Test

In the cold plate test, rats are confined beneath an in-
verted, clear plastic cage (18x28x13 cm) placed upon
a metal floor (e.g. aluminum plate), which is chilled
to 4°C by an underlying water bath. While exposed
to the cold floor for 20 min, the animals’ behavior
is noted, and the frequency of hind paw withdrawals
and the duration the hind paw is held above the floor
(i.e., hind paw withdrawals related to stepping are not
counted) are measured. The 4°C floor does not produce
any pain when our volar forearms are immobilized on
it for 20 min, and it does not evoke any pain-related
responses from unoperated control rats. In neuropathic
rats with sciatic chronic constriction injury, the average
frequency and cumulative duration of hind paw with-
drawals on the nerve-damaged side increases about 5
and 2-fold, respectively, compared to that of normal
rats. In addition, some rats also demonstrate vague,
scratching-like movements and also lick the affected
hind paw (Bennett and Xie 1988). This method is based
on the premise that the animal’s avoidance of touch-
ing the cold plate is an allodynic reaction. However,
complete denervation of the foot does not change this
behavior (Choi et al. 1994), making it questionable
that the foot lift behavior is related to allodynia, since
allodynia would require the presence of functioning
Sensory receptors.
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Alloknesis

Definition

This is the itchy or pruriceptive sensation (from the
Latin word prurire, to itch) evoked by a stimulus that
is normally non-pruriceptive (,,allo*, and ,,knesis*, an
ancient Greek word for itching), also referred to as
“itchy skin”. For example, a light stroking of the skin
normally evokes the sensation of touch, and perhaps
tickle, but not itch. However, when cutaneous alloknesis
develops within the vicinity of a mosquito bite, or is
present in an area of dermatitis, a light stroking of the
skin can evoke an itch or exacerbate an ongoing itch.
» Allodynia and Alloknesis

» Spinothalamic Tract Neurons, Central Sensitization

|
Alloknesis and Allodynia

» Allodynia and Alloknesis
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|
Allostasis

Definition

Maintaining stability (or homeostasis). Different situa-
tions require variations in physiological set points, for
which regulatory changes throughout the body are nec-
essary in order to maintain optimal levels of biological
function.

» Stress and Pain

|
Alpha(«) 1-Adrenergic Receptor

Definition

The o'*Adrenergic Receptor is a monoamine neu-

rotransmitter receptor with maximum sensitivity to

noradrenaline and blocked by the agonist, phenyle-

phrine.

» Complex Regional Pain Syndrome and the Sympa-
thetic Nervous System

|
Alpha(o) 2-Adrenergic Agonist

Definition

Drugs that stimulate alpha 2 adrenergic rexceptor
subtype of the cathecholamine neurotransmitter, nore-
pinephrine (adrenaline) on nerve endings and inhibit
norepinephrine release, resulting in sedative and anal-
gesic actions

» Opioids and Reflexes

» Pain Control in Children with Burns

|
Alpha(c:) 2-Adrenergic Receptor Agonists

» Alpha(a) 2-Adrenergic Agonists in Pain Treatment
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Alpha(o) 2-Adrenoceptor Agonists

Definition

A drug acting on a-adrenoceptors.
» Alpha (o) 2-Adrenergic Agonists in Pain Treatment

|
Alpha(c) 2-Adrenoceptors

Definition

a2-Adrenoceptors are G protein coupled receptors,
which inhibit accumulation of cyclic adenosine mono-
phosphate (cAMP), inhibit N-type and P/Q-type cal-
cium channels, and activate potassium channels and
Na*/H* antiporter. Three receptor subtypes have so far
been identified: oo, oop and arc.

» Alpha (a) 2-Adrenergic Agonists in Pain Treatment
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Synonyms

Alpha(a) 2-Agonists; a2c-adrenoceptor agonists; o2-
receptor agonists; a2-adrenergic agonists; Alpha(a)
2-Adrenergic Receptor Agonists; a-agonists

Definition

Alphaj-adrenergic agonists are drugs that mediate their
analgesic (antinociceptive) effects by acting on o2-
adrenoceptors (apa, a2B, d2c) in the peripheral and
central nervous system.

Characteristics
Indications and Patients

Alphaj-adrenoceptor (a2AR) agonists are used for
treatment of acute (intra- and post-operative) as well
as chronic (neuropathic) pain states. They are effec-
tive in patients of all age groups. ap AR agonists have
also been safely used in pregnancy, labour and during
caesarean sections. Furthermore, there is evidence that
they provide haemodynamic stability in patients with
co-existing cardiovascular diseases during phases of
noxious stimulation (e.g. orotracheal intubation) by
attenuating the sympathetic response.

Dose and Route of Administration (Table 1)

With » clonidine being the prototypical ap AR agonist,
these drugs have been administered in different doses
and by a wide variety of routes: systemic, peripheral,
regional, neuraxial and central. They have been used as
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Alpha(c) 2-Adrenergic Agonists in Pain Treatment, Table 1 Alpha2-adrenergic drug dosing: Clonidine

Route dose duration
Premedication
children 2-4 ug/kg
elderly patients 1-2 ug/kg

Perioperative Analgesia
intrathecal with opioid max 1 pg/kg long; dose dependent
epidural with mepivacaine up to 75 g up to 24h
caudal 1-4 pg/kg
peripheral nerve block Bier block 0.75-3 ug/kg

0.1-0.5 pg/kg

1-2 pg/kg
Postoperative Analgesia
epidural clonidine alone 1-4 pg/kg

100-150 pg/hour
Analgesia for Labour Pain
intrathecal with bupivacaine 50-200 ug
epidural with bupivacaine + fentanyl max 1 pg/kg

30-150 ug

7519
Chronic Pain
epidural Infusion 100-900 pg 8h

30pg/h up to 2 weeks

premedication, in combination with other drugs, or as
sole analgesic during and after surgery, and in the treat-
ment of chronic pain either by bolus or continuous infu-
sionsor as partof a» patientcontrolled analgesia (PCA)
regimen.

Drug Interactions

Pre-clinical and clinical studies investigating the
antinociceptive effect of ap AR agonists and their in-
teractions with other drug classes have demonstrated
synergistic interaction with opioids as well as opioid-
sparing effects. Furthermore, ap AR agonists have been
demonstrated to reduce the » minimal alveolar con-
centration (MAC) of volatile anaesthetics and attenuate
the pain from propofol injection. Numerous studies
have shown that combining ax AR agonists with local
anaesthetics both prolong the sensory blockade and
also improve the quality of the block. Therefore, ap AR
agonists may be considered as an adjuvant therapy for
both general and local anaesthesia.

Other Effects

Compared to opioids, far less respiratory depression is
seen with ap AR agonists. Drugs of this class produce se-
dation by an action that originates in the brainstem and
converges on the endogenous pathways responsible for
non-REM sleep. Dose-dependent effects of ap AR ago-
nists are also noted in the cardiovascular system. At low
doses these drugs induce hypotension through actions
on locus coeruleus and nucleus tractus solitarius, which

results in a decrease in sympathetic outflow. At higher
doses, a2 AR agonists induce vasoconstriction in the pe-
riphery and can result in a rise in systemic blood pres-
sure. A combination of sympatholytic and vagomimetic
actions of ap AR agonists cause a decrease in heart rate.
Additional features that are useful in the perioperative
periodinclude the ability of €y AR agonistic drugs to pro-
duce xerostomia (dry mouth) and anxiolysis.

Analgesic (Antinociceptive) Sites of Action

a2ARs are present on peripheral nerves, in the spinal
cord and at supraspinal pain-modulating centres. They
have therefore been applied to all parts of the nervous
system in an effort to generate analgesia in patients or
antinociception in animals.

Periphery

Although in pre-clinical models peripheral injections of
a2AR agonists appeared promising for pain control, the
utility of local peripheral administration has proven to
be inconsistent in clinical studies. These inconsistencies
may be due to the patient population examined, as topical
clonidine has been shown to be antihyperalgesic in the
subset of neuropathic pain patients with sympathetically
maintained pain.

Peripheral ap ARs are found on sympathetic and sensory
nerves, where they have been proposed to act as autore-
ceptors to inhibit neuronal excitability and transmitter
release. There is a growing body of evidence that an
inflammatory response might be prerequisite for the
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peripheral site of action of axAR receptor agonists.
This has been hypothesised because of the demon-
stration of apARs on inflammatory cells, especially
macrophages. Peri-neural application of the a; AR ag-
onist clonidine reduced nerve injury-induced release
of the pro-inflammatory cytokine TNFa, and the time
course of this action was paralleled by a clear antinoci-
ceptive effect in an animal model of » neuropathic pain.
Hence, it is now suggested that macrophages invade
the site of traumatic nerve damage, and contribute to
an inflammation-maintained pathogenic mechanism
through the release of pro-inflammatory cytokines, and
that cp AR agonists attenuate this process by reducing
theinflammatory response rather than by directaction on
peripheral nerves (Lavand’homme and Eisenach 2003).

Spinal Cord

From recent data, the spinal cord dorsal horn has clearly
emerged as a pivotal site of o AR analgesic action. Ad-
ministration of ap AR agonists result in antinociception
and analgesia in animal models and human subjects
by both pre- and post-synaptic actions. These spinal
analgesic actions of apAR agonists are largely medi-
ated by the axa AR subtype, and presynaptic apa ARs
on primary afferent nociceptive » Ad- and C-fibres are
positioned to directly modulate pain processing through
attenuation of excitatory synaptic transmission (Stone
et al. 1997; Stone et al. 1998). This has been supported
by results showing an inhibitory effect of a; AR on
spinal glutamate release in synaptosomal and electro-
physiological experiments (Kawasaki et al. 2003; Li
and Eisenach 2001). Direct hyperpolarization of post-
synaptic spinal neurons by ao AR agonists may also play
an important role in the spinal analgesic action of ap AR
agonists (Sonohata et al. 2004). These direct actions are
concerted with indirect mechanisms by descending no-
radrenergic pathways, which release noradrenaline that
may act via appARs, thought by some to be on spinal
ascending nociceptive pathways and interneurons.
There is also a growing body of evidence showing plas-
ticity in the analgesic effects of ap AR agonists, espe-
cially in » hypersensitivity-maintained pain states. For
example, 0o AR agonists have a greater efficacy under
circumstances of neuropathic pain. This may be due to
the upregulation of the aoc AR subtype following nerve
injury, resulting in an alteration of the apAR-agonist site
of action, and the involvement of different pathways in
the generation of ay AR-induced antinociception (Duflo
et al. 2002; Paqueron et al. 2003; Stone et al. 1999).

It has been suggested that the antihyperalgesic effect
of apAR-agonists in hypersensitivity-maintained pain
states (e.g. neuropathic pain) is mediated, at least in
part, through non-ozaARs. Furthermore, under those
conditions, antihyperalgesia against mechanical but not
thermal stimuli seems to be dependent on cholinergic
mechanisms. This is supported by most recent data
indicating that oy AR-agonists exert their action via

cholinergic neurons, which have been modulated by
the interaction of » nerve growth factor (NGF) with its
low-affinity p75 receptor. It has further been hypothe-
sised that ap-adrenergic agonists facilitate the release of
acetylcholine (Ach). The released Ach has been shown
to act mainly on muscarinergic and to a lesser extent
on nicotinic » acetylcholine receptors, to induce the
release of nitric oxide (NO) and thereby antinociception
(Pan et al. 1999).

Supraspinal Sites

The catecholaminergic cell groups A5, A6 (Locus
Coeruleus, LC) and A7 in the dorsolateral pons of the
brainstem have been identified as the most important
supraspinal sites for apAR-mediated antinociception.
These areas express a2 ARs and send and receive pro-
jections to and from other pain-modulating parts of the
brain, for instance the periaqueductal gray (PAG) and the
rostral ventromedial medulla (RVM). Therefore, they
actas important relay stations for pain-modulating path-
ways. They are also centres from which » descending
inhibitory noradrenergic (NA) pathways originate.
These pathways terminate in parts of the spinal cord
dorsal horn that modulate spinal pain processing.
Normally, tonic firing in LC neurons suppresses activity
in A5/7 cell groups; consequently, the noradrenergic out-
flow through the descending NA pathways is inhibited
(Bie et al. 2003; Nuseir and Proudfit 2000). Activation
of ap ARsin the LC can inhibit activity in certain cells re-
sulting in behavioural changes, which are in accordance
with antinociceptive actions of the injected drugs. These
effects could be completely reversed by » intrathecal ap-
plication of an ap AR antagonist, suggesting a mecha-
nism of action involving increased spinal NA release in
response to the supraspinal agonist injection (Dawson
et al. 2004).

From these results it has been suggested that oy AR ago-
nists, in decreasing the activity of LC neurons, disinhibit
the A5/A7 cell groups, and therefore indirectly activate
the descending inhibitory NA pathways with the resul-
tant increased spinal NA release. Evidence from recent
studies suggests that the released NA acts on app ARs in
the spinal cord, which are not located on primary affer-
ents; instead, these may be located on interneurons or
ascending excitatory pathways to mediate antinocicep-
tion (Dawson et al. 2004; Kingery et al. 2002). In addi-
tionto antinociception, the LC also mediates the sedative
actions of ap AR agonists by inhibition of cell firing in
some LC neurons.

The possible importance of these noradrenergic path-
ways under circumstances of chronic pain has also
recently been suggested. Data obtained from an animal
model of neuropathic pain, for example, showed an
increased expression of key enzymes of catecholamine
synthesis, tyrosine hydroxylase and dopamine B-hy-
droxylase, in the LC and spinal cord. This increased
expression has been interpreted as a reflection of an
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enhanced activity in the descending NA system, with
an increased noradrenaline turnover in response to
the ongoing activity in nociceptive pathways (Ma and
Eisenach 2003).

» Thalamic Neurotransmitters and Neuromodulators
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Alpha(o)-Adrenoceptors

Definition

The sympathetic nervous system is an involuntary sys-
tem that plays an important role in normal physiological
functions, such as control of body temperature and regu-
lation of blood flow to various tissues in the body. These
nerves release a chemical called norepinephrine that ac-
tivates specific receptors, called adrenergic receptors or
adrenoceptors. There are two main subtypes of adreno-
ceptors — one of which is the alpha adrenoceptors.

» Sympathetically Maintained Pain in CRPS II, Human

Experimentation

|
Alpha(x)-Delta($) Sleep

Definition

Simultaneous recordings of delta and alpha brainwaves
during sleep.
» Fibromyalgia

|
Alpha(«)-D Galactose

Definition

Lectins are proteins that bind to the carbohydrate por-
tion of glycoproteins and glycolipids. The isolectin
Griffonia simplicifolia I-B4 (IB4) binds specifically to
terminal a-galactose, the terminal sugar on galactose-
al,3-galactose carbohydrates on glycoproteins and
glycolipids. The IB4 lectin labels about one half of the
small- and medium-diameter DRG neurons in rat and
mouse. It is not yet clear which proteins or lipids in
DRG neurons account for the majority of labeling by
IB4 binding.

» Immunocytochemistry of Nociceptors

|
Alpha(«) EEG Wave Intrusion

Definition

The intrusion of fast-frequency EEG Alpha (7.5 — 11
Hz) activity into slow wave sleep (SWS). The SWS is
dominated by large and slow EEG waves of Delta type
(0.5 — 4.0 Hz); it also characterizes sleep stages 3 & 4.
» Orofacial Pain, Sleep Disturbance
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|
Alpha(o)-1-Acid Glycoprotein

Definition

The most important serum binding protein for opioids
and local anesthetics.
» Acute Pain in Children, Post-Operative

|
AL-TENS

» Acupuncture-Like TENS

|
ARternative Medicine
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Synonyms

Complementary Medicine; Alternative Medicine;
Holistic Medicine; Unconventional Medicine; Non-
Traditional Medicine; Alternative Therapies; Comple-
mentary Therapies

Definition

In 1993, Eisenberg utilized a working definition of
alternative medicine as interventions that are not taught
widely in medical schools and that are not generally
available in U.S. hospitals (Eisenberg et al. 1993).
However, there has been a rise in availability of com-
plementary medical practices in Western-based medical
institutions and more medical schools are incorporating
unconventional therapies into their curricula. A broader
definition of alternative and complementary medicine
would be those medical systems, practices, interven-
tions, applications, theories or claims that are not part
of the dominant or conventional medical system of that
society (National Institutes of Health on Alternative
Medical systems and Practices in the United States).
This definition is flexible in that it recognizes alternative
and complementary medicine as culturally based. This
definition also allows for changes in what constitutes
alternative or complementary practices as a society
evolves or changes.

The concept of alternative medicine implies practices
used instead of conventional medical practice, whereas
complementary medicine refers to practices that are

integrated with conventional care. Neither of these
terms accurately reflects the most common way in
which unconventional practices are incorporated into
treatment. Most of the time, physicians are unaware of
their patients’ use of alternative health practices that are
applied simultaneously with conventional treatment.
Thus, these practices are neither instead of, nor inte-
grated with, conventional treatment. They are simply a
separate, dual track of care.

Characteristics

Medical conditions that have effective and well-
tolerated treatments generally do not motivate a search
for alternatives — especially when such alternatives may
be based on theoretical constructs that are foreign to the
patient and their physician. Complex pain problems,
like chronic neuropathic pain, that have multiple mech-
anisms are hard to treat even with the availability of
newer pharmacological modulators. Many of the con-
ventional therapies for neuropathic pain have adverse
effects that interfere substantially with quality of life.
It is not surprising that patients suffering from neuro-
pathic pain would look outside conventional medicine
for more effective and better-tolerated treatments.

» Acupuncture, » chiropractic, » homeopathy, herbal
medicine, traditional Chinese medicine, massage,
» biofeedback, the list of complementary and alter-
native therapies is seemingly limitless. Just as we
categorize conventional medical practice into phar-
macological, surgical, physical rehabilitative and be-
havioral techniques, it is helpful to organize the broad
array of alternative medicine practices into categories
that allow practitioners to better understand the options
available and how they differ from each other. It is con-
venient to separate all of CAM into three broad groups
(Fig. 1):

1. World medicine systems

2. Other comprehensive systems of medicine that are
not culturally based

3. Individual therapies

A system of medicine such as homeopathy or chiro-
practic consists of both a diagnostic and a therapeutic
approach to a wide array of symptoms, illnesses and
diseases. It is based on a philosophy of health and
disease that gives rise to the types of treatments that
are utilized. A world medicine system like traditional
Chinese medicine or Ayurvedic medicine is a system of
medicine that is based on the traditions and philosophy
of a world culture. Individual therapies are not linked to
aculture or acomplete medical system and are generally
used to treat a certain subset of symptoms or problems.
Examples include biofeedback, massage and vitamin
therapy. All therapies can be further subdivided into
one or more of seven functional groups:
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‘ Alternative & Complementary Medicine ‘
I

I

[
Individual Practices ‘

‘ Systems of Medicine

1
’World Medicine Systems

. . Homeo- . . Native American Traditional
Mindful [ Spiritual pathy  [[] Chiropractic Healing & other Chinese
indigenous systems Medicine
Nutri- Stimulation
ceutical [ 1] based Osteopathy - Naturopathy Acu- Her_b:al
puncture || | Medicine
Movement ||| Mechanical/ Herbal ||| Mind-Body I;X:ggg: -
based Manipulative Medicine Healing
Energy || Prayer Meditation
based
Spiritual Psychic
Healing Healing

Alternative Medicine in Neuropathic Pain, Figure 1 Organizational chart of alternative and complementary therapies from Belgrade 2003.

1. Meditative / mindful

2. Spiritual

3. Energy based

4. Stimulation based

5. Movement based

6. Mechanical or manipulative
7. » Nutriceutical

Mindful or meditative therapies utilize the mind to pro-
duce changes in physical and emotional status. Medita-
tion, hypnosis and yoga can fall into this category. Spiri-
tual therapies on the other hand, utilize a letting go of the
mind and giving up control to ahigher power asin prayer.
Energy-based therapies rely on a construct of vital en-
ergy or an energy field that must be in proper balance to
maintain health. Traditional acupuncture, healing touch
and yoga all use the concept of vital energy. Acupunc-
ture can also be considered a stimulation-based therapy.
Thus, many practices fall into more than one functional
category (Table 1).

Prevalence and Cost

Several large surveys in the United States, Europe and
Australia demonstrate extensive use of alternative and
complementary therapies by the public. Prevalence es-

timates are confounded by what practices are included
as unconventional. For example, are ice, heat and prayer
to be included when they are so commonly utilized?
Aside from such universal practices, 42% of the U.S.
population made use of alternative treatments as of 1997
(Eisenberg et al. 1998). Fifteen percent of Canadians
visited an alternative health practitioner in the previous
12 months (Millar 1997). In Europe, prevalence of
alternative health care use varies from 23% in Denmark
to 49% in France (Fisher and Ward 1994). Alternative
medicine use in Australia has also been estimated to be
49% (MacLennon et al. 1996).

Brunelli and Gorson surveyed 180 consecutive patients
with peripheral neuropathy about their use of comple-
mentary and alternative medicine (CAM) (Brunelli and
Gorson 2004). Forty-three percent of patients reported
using at least one type of CAM. Patients with burning
neuropathic pain used CAM at a significantly higherrate
than those without such pain. Diabetic neuropathy pa-
tients were also significantly more likely to use CAM.
Other predictors of CAM use were younger age and col-
lege educated. Types of treatments employed by patients
were megavitamins (35%), magnets (30%), acupuncture
(30%), herbal remedies (22%) and chiropractic (21%).
Lack of pain control was the most common reason for

Alternative Medicine in Neuropathic Pain, Table 1 Examples of complementary and alternative therapies organized into functional groups (from

Belgrade 2003)

Mindful Spiritual

Energy based

Stimulation based

Mechanical/ Nutriceutical

manipulative

Movement based

Hypnosis Prayer Massage TENS Exercise Chiropractic Vitamins
Imagery Spiritual healing Therapeutic touch Acupuncture Dance therapy Osteopathy Diet

Meditation Psychic healing Homeopathy Massage Alexander technique  Massage Herbal Medicine
Relaxation Yoga Acupuncture Aromatherapy Tai Chi Cranio-sacral Homeopathy
Biofeedback Qi Gong Therapeutic touch Qi Gong therapy Aromatherapy
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CAM use and nearly half of the patients did not discuss
it with their physician.

The United States spends $27 billion each year on al-
ternative medicine. That figure reflects out-of-pocket
expenses alone and is nearly equal to the cost of physi-
cian services and triple the cost of hospitalizations
(Eisenberg et al. 1998). Health benefit payers are fac-
ing the quandary of determining which alternative
services are worthy of coverage and to what extent.
The question of standards of care for the various al-
ternative forms of therapy represents a quagmire that
confronts everyone, patients, physicians, health ben-
efit administrators and the alternative practitioners
themselves.

Acupuncture and Other Stimulation-based Therapies

Acupuncture is one component of traditional Chinese
medicine. As such, it has its theoretical roots in Taoist
ideas about the universe, living systems, health and
disease. Modern scientific scrutiny has already yielded
more information about acupuncture mechanisms than
for any other alternative therapy. The discovery of opioid
receptors and » endorphins has led to a large number of
investigations into the role these receptors and » ligands
play in producing acupuncture analgesia. Nearly all
such studies support the conclusion that acupuncture
analgesia is mediated in part by the opioid system.
Acupuncture analgesia can be reversed with adminis-
tration of » naloxone (Meyer etal. 1977; Pomeranz and
Cheng 1979; Tsunoda et al. 1980). Increased levels of
endogenous opioid following acupuncture have been
directly measured in humans (Clement-Jones et al.
1980; Pert et al. 1984). Antiserum to opioid receptors
applied to the periaqueductal gray matter has been
shown to block experimental acupuncture analgesia in
primates.

Han and Terenius reviewed a number of studies that
demonstrate the importance of biogenic amines in
acupuncture analgesia (Han and Terenius 1982).
Ablating the » descending inhibitory pathway for
pain at the dorsal and medial raphe nuclei blunted
acupuncture analgesia. Blocking serotonin recep-
tors in rabbits and rats also diminished acupuncture
analgesia. Administering a serotonin precursor po-
tentiates acupuncture analgesia. Serotonin and its by-
products are increased in the lower brainstem during
acupuncture analgesia. Other neurochemical media-
tors of experimental acupuncture analgesia have been
implicated in preliminary investigations including
» substance P, » CGRP, » CCK and » C-fos (Bel-
grade 1994).

That stimulation of tissue, including neural tissue,
produces analgesia has only recently gained accep-
tance in conventional medicine. Neurosurgeon Norman
Shealy pioneered the use of transcutaneous electrical
nerve stimulation (TENS) in the 1970s — less than a
decade after Melzack and Wall published their gate

theory of pain modulation that postulated a competi-
tive inhibition of pain by non-noxious stimuli. Wallin
and colleagues showed that spinal cord stimulation
inhibits » long-term potentiation of spinal » wide
dynamic range neurons (Wallin 2003). Hanai (2000)
demonstrated a similar response to peripheral nerve
stimulation.

Clinical Studies

In one extensive multicenter randomized controlled
trial of acupuncture, amitriptyline or placebo for HIV-
related neuropathic pain, no differences were found
between groups; but all groups showed significant
reductions in pain (Shlay et al. 1998). Using an electro-
acupuncture-like treatment, Hamza and colleagues
showed a substantial reduction in pain scores and
analgesic use and improvement in quality of life mea-
sures among patients with Type II diabetes and painful
neuropathy in a sham-controlled crossover trial of 50
patients (Hamza et al. 2000).

In a multicenter randomized placebo controlled study
using static magnetic fields in the form of magnetized
insoles for diabetic peripheral neuropathy, Weintraub et
al. showed statistically significantreductions in burning,
numbness and tingling after 3 to 4 months (Weintraub et
al. 2003). Cortical stimulation for neuropathic pain has
also been reported. In a small case series, Rainov and
Heidecke report a sustained >50% reduction in trigemi-
nal and glossopharyngeal neuralgia for 72 months with
motor cortex stimulation using a quadripolar electrode
contralateral to the side of pain (Rainov and Heidecke
2003).

Although clinical studies are lacking for specific neuro-
pathic pain conditions, meditative and mindful therapies
such as hypnosis have been utilized for pain manage-
ment for more than a century. Rainville and colleagues
used PET scanning in normal subjects to show that pain
unpleasantness is mediated in the anterior cingulate and
anterior insula and posterior cerebellum (Rainville et al.
1997). He used hypnosis to reduce the unpleasantness
of an experimental pain stimulus and to distinguish
it from pain intensity, localizing the two components
functionally in the brain. The growing understanding
of unpleasantness as distinct from pain intensity leads
one to conclude that many non-specific therapies that
“quiet” the nervous system’s emotional, anticipatory
component of pain can play just as important a role as
analgesics. In this way many alternative and comple-
mentary therapies can be beneficial. Obviously, much
clinical research is needed to define the scope and value
of these therapies as well as their mechanisms of ac-
tion. In the meantime, the prevalence and popularity of
CAM among patients with neuropathic pain requires
that the physician be acquainted with these therapies
and guide patients toward the better studied, safest
and most appropriate techniques for the neurological
condition.
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Alternative Rat Models of Ureteric
Nociceptive Stimulation In Vivo

Definition

Nociceptive stimulation in the ureter has also been ob-
tained with modalities other than stones in past studies.
One modality was electrical stimulation of the ureter
in the unanesthetized rat (Giamberardino et al. 1988,
Neurosci Lett 87:29). This model offered the advantage
of a stimulus that could be controlled and modulated
in intensity; unfortunately, the aversive reactions of the
animals (nocifensive behavior, referred muscle hyper-
algesia) were inconstant; furthermore, the stimulation
adopted was not natural.

Another modality was distension of the renal pelvis
after cannulation of the ureteric-pelvic junction; this
produced rather variable pseudo-affective responses
that were unrelated to stimulus intensity (Brasch and
Zetler 1982, Arch Pharmakol 319:161).

A further modality of stimulation was acute distension
of the ureter via a catheter in a preparation involving
the anesthetized rat: the ureter was cannulated close to
the bladder and graded stimuli applied. Roza and Laird
(1995, Neurosci Lett 197:1) have characterized the
effects of these stimuli using cardiovascular changes
as a measure of the nociceptive reactions. Responses
to stimuli less than 25 mmHg were never observed,
suprathreshold pressures evoked responses propor-
tional to the stimulus intensity. The stimulus response
curve was dose-dependently attenuated by morphine in
a naloxone reversible manner. The authors concluded
that the characteristics of the responses observed cor-
related well with pain sensations in man, and with the
properties of ureteric primary afferent neurones in an-
imals. This model fulfils most of the criteria proposed
as ideal for a noxious visceral stimulus: the experi-
ments are reproducible, the results consistent and the
responses proportional to stimulus intensity. How-
ever, the procedure is invasive and can only be applied
to the anesthetized rat; it is therefore not suitable for
behavioral studies. On the other hand, it is ideal for elec-
trophysiological studies, not only in normal animals but
also in calculosis rats, allowing the comparison of the
neural processing of acute visceral noxious stimulation
on normal animals with that of animals with chronic
visceral pain and referred hyperalgesia using the same
stimulation technique.

» Visceral Pain Model, Kidney Stone Pain

|
Alternative Therapies

» Alternative Medicine in Neuropathic Pain
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|
Ambiguity

» Impairment Rating, Ambiguity
» Impairment Rating, Ambiguity, [ATABC System

|
Amelioration

Definition

The improvement or bettering of the meaning of a word
through semantic change. The opposite of pejoration.
» Lower Back Pain, Physical Examination

I
Amenorrhea

Definition

Amenorrhea is the absence of menstruation, which
is normal before puberty, during pregnancy, or after
menopause. Congenital abnormalities of the repro-
ductive tract, metabolic disorders (such as diabetes or
obesity), and endocrine disorders (including altered
pituitary, thyroid or ovarian function) are the most
common causes of amenorrhea. Medications that alter
hormonal status, including opioids, can also lead to
amenorrhea. In some cases, emotional disorders can
lead to a cessation of menses.

» Cancer Pain Management, Opioid Side Effects, En-

docrine Changes and Sexual Dysfunction

|
American Society of Anesthesiologists’
Status Category

Definition

Each Status Category/Class gives an overall impression
of the complexity of the patient’s medical condition. If
the procedure is performed as an emergency, an "E’ is
added to the Category/Class

Class 1 — a healthy patient

Class 2 — a patient with mild systemic disease

Class 3 —a patient with severe systemic disease that lim-
its activity but is not incapacitating

Class 4 — a patient with incapacitating systemic disease
that is a constant threat to life

Class 5 — a moribund patient not expected to survive 24
hours with or without surgery

» Postoperative Pain, Preoperative Education

|
Amide Anesthetic

Definition

A member of one of the two major chemical classes of 1o-

cal anesthetics, differentiated by the intermediate chain

linking a lipophilic group and an ionizable group (usu-

ally atertiary amine). The pharmacologic class of agents

comprised of lidocaine, bupivacaine, ropivacaine, mepi-

vacaine, prilocaine and etidocaine.

The other major class is ester anesthetic.

» Acute Pain in Children, Post-Operative

» Drugs with Mixed Action and Combinations, Empha-
sis on Tramadol

» Postoperative Pain, Methadone

|
Amide Local Anesthetic

» Amide Anesthetic

|
Aminobisphosphonate

Definition

A class of drugs that block bone resorbing cells (osteo-
clasts) and prevent bone loss.
» Cancer Pain Management, Orthopedic Surgery

|
Aminomethyl-Cyclohexane-Acetic Acid

» Postoperative Pain, Gabapentin

|
Amitriptyline

Definition

A tricyclic antidepressant drug utilized for the treatment

of chronic pain, particularly effective in the craniofacial

region. Its antinociceptive effectis independent of its an-

tidepressive activity. Amitriptyline controls chronic fa-

cial pain in a relatively low dose (10-25 mg/day), and

is also used as a prophylactic drug for migraine.

» Atypical Facial Pain, Etiology, Pathogenesis and
Management

» Fibromyalgia, Mechanisms and Treatment

» Migraine, Preventive Therapy



Amygdala, Functional Imaging 67

|
AMPA Glutamate Receptor (AMPA
Receptor)

Definition

A type of ionotropic glutamate receptor that is activated
by the specific agonist alpha-Amino-3-hydroxy-5-
methyl-4-isoxazolepropionate (AMPA). AMPA re-
ceptors comprise of several subunits (GluR1, GluR2,
GluR3, GluR4) that form a heteromeric receptor-ion-
channel complex, the composition of which affects the
kinetic properties of the receptor-ion-channel. AMPA
receptors mediate the majority of fast synaptic trans-
mission in the central nervous system.

» Metabotropic Glutamate Receptors in the Thalamus
» Nociceptive Neurotransmission in the Thalamus

» Opiates During Development

|
Amphibian Peptides

Definition

Amphibian skin contains a wide variety of peptides that
are often homologous or even identical to the gastroin-
testinal hormones and neurotransmitters of the Mam-
malia.

Striking examples are cerulein, the amphibian coun-
terpart of mammalian cholecystokinin and gastrin;
physalemin and kassinin, counterparts of the mam-
malian neuropeptides substance P and neurokinins; the
amphibian bombesins and litorins, which heralded the
discovery of the gastrin-releasing peptides (mammalian
bombesin) and neuromedin B; finally sauvagine, whose
structure elucidation preceded that of the analogous, hy-
pothalamic corticotropin releasing hormone. Other pep-
tide families common to amphibian skinand mammalian
tissues are bradykinins, angiotensins, somatostatins and
the thyrotropin-releasing hormone. Opioid peptides
have so far only been in the skin of the hylid frog of the
Phyllomedusine stock. During hislong scientificlife, the
pharmacologist Vittorio Erspamer sought biologically
active molecules in more than 500 amphibian species
from all over the world, and showed that the amphibian
skinandits secretions offer aninexhaustible supply of bi-
ologically active peptides for pharmacological research.
» Opioid Peptides from the Amphibian Skin

|
Amphipathic

Definition

An amphipathic segment is a segment with opposing
hydrophobic and hydrophilic faces, oriented spatially
along the axis of the segment.

» Capsaicin Receptor
» Thalamus, Clinical Pain, Human Imaging

|
Amygdala

Definition

A prominent group of neurons forming an almond
shaped structure at the level of the temporal cortex in
primates, and form part of the limbic system. In the rat,
the amygdala is ventrolateral, close to both the temporal
and perirhinal cortices. It is divided schematically into
four groups: cortical & basal (main olfactory), medial
(accessory olfactory), central (autonomic), basolateral
& lateral (frontotemporal & temporal cortices). The
precise role of this region remains incompletely under-
stood. It seems that one of its roles is to mark perceptions
with an affective label that provides an appropriate sig-
nificance in the environment of the species. In the
framework of pain, it triggers an aversive reaction and
fear that causes the organism to avoid dangerous stim-
uli. It also plays a role in the development of memories
with an emotional component.

» Amygdala, Pain Processing and Behavior in Animals
» Arthritis Model, Kaolin-Carrageenan Induced Arthri-

tis (Knee)
» Parabrachial Hypothalamic and Amydaloid Projec-
tions

|
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Synonyms

Positron emission tomography (PET); functional mag-
netic resonance imaging (fMRI)

Definition

The amygdalais an essential key structure in the cerebral
limbic network underlying emotion processing. Assuch,
it is suggested to be part of the brain circuit involved in
the processing of pain, which is known to include strong
affective components. Neuroimaging studies pointing to
amygdala involvement during pain processing are cur-
rently increasing. The amygdalais a small almond shape
structure in the anterior temporal lobe with a variety of
functions for emotion processing together with learning
and memory. Itis supposed to execute an evaluative asso-
ciative function, combining external cues with internal
responses, thereby assessing and defining the valence,
relevance and significance of stimuli. It is its extensive



68 Amygdala, Functional Imaging

connectivity with various cortical and subcortical areas
that enables fast automatic, but also more conscious de-
liberate, responses. Itsrole in pain processing is however
less clear.

Characteristics

Negative affect is typically evoked by acute pain. Key
structures of the » limbic system have been identified
that play an important role in regulating affective be-
havior; among the most important are the subcortical
and cortical areas, the anterior cingulate, the insula and
the prefrontal cortex. Most notably, assessment of emo-
tional valence of stimuli and the provocation of distinct
emotional reactions are mediated by the amygdala. This
central role in emotion processing can be executed due
to a broad cortical and subcortical network in which the
amygdalais located and which is able to provide it with
raw information via the short thalamus route but also
with highly processed polymodal input from sensory
cortices. Finally, the amygdala is not a unitary structure,
but consists of several nuclei exerting different func-
tions. It is believed to have a major role in pain because
of the strong association and interaction between pain
and emotion, but also because of the specific nocicep-
tive inputs to the latero-capsular part of the central
nucleus, the major output system within the amygdala,
indicating that, within this accumulation of nuclei, this
part may represent the “nociceptive amygdala” (Neuge-
bauer et al. 2004). For » fMRI, mapping of activation
within this region is, however, critical posing technical
and methodological problems, which often call into
question the validity and reliability of imaging results
reporting amygdala activation. This may possibly be
one of the reasons, why early neuroimaging findings
mostly failed to demonstrate clear amygdala activation
during pain perception. FMRI of this deep subcortical
region is confronted with a set of difficulties, such
as movement, respiratory, inflow and susceptibility
artefacts (see » inflow artefacts) and nonetheless the
rapid habituation of amygdala responses to repeated
stimulus presentations. This is of special relevance for
experimental pain studies, which mostly rely on the
application of » block designs, which are especially
prone to habituation. Recent methodological advances
in neuroimaging may have partly overcome these in-
herent mapping difficulties, accounting for the increase
in pain studies successfully demonstrating amygdala
participation (Bingel et al. 2002; Bornhdvd et al. 2002).
Alternatively, it is also conceivable that the majority of
pain stimulation techniques failed to evoke pain that pro-
voked strong emotional responses, hence falling short
of observing amygdala involvement. The frequent fail-
ure of these early studies to report changes in autonomic
arousal during painful stimulation corroborates this as-
sumption. In an attempt to model acute traumatic noci-
ceptive pain, a » PET study used intracutaneous injec-
tion of ethanol (Hsieh et al. 1995). Affective and heart

rate changes were described in subjects and cerebral ac-
tivation was found in subcortical structures, specifically
the hypothalamus and the periaqueductal gray. These re-
gions are taken to constitute the brain defense system
which functions as a modulator for aversive states. Al-
though signal increases in the amygdala were detected
by the authors, they failed to be significant.

Despite more recent neuroimaging findings reporting
amygdala involvement in pain processing, a full charac-
terization of its function during pain perception is still
lacking and at first sight results seem to be equivocal,
pointing to activations as well as deactivations of the
amygdala in this context (Table 1).

One fMRIinvestigation applied painful stimulation with
a strong affective component to measure pain related
changes in cerebral activity (Schneider et al. 2001). By
inflating an indwelling balloon catheter, a dorsal foot
vein of healthy volunteers was stretched to a noxious
distress physical level, which induced vascular pain as-
sociated with a particularly strong negative affect. Since
the sensory innervation of veins exclusively subserves
nociception, non-painful co-sensations were excluded.
Additionally, brief stimulations of only a few minutes
produce vascular pain that escapes adaptation and is
generally reported as particular aching in character. Dur-
ing noxious stimulation, the subjects continuously rated
perceived pain intensity on a pneumatically coupled
visual analogue scale, which was used as permanent
feedback to adjust balloon expansion so that the pain
intensity could be kept at intended values at all times.
The analysis strategy that focused primarily on corre-
lations of signal changes with these subjective ratings,
rather than the generally applied signal variations to a
stimulation based reference function (» boxcar design),
facilitated producing evidence for amygdala activation
(Fig. 1). Hence, these results indicated a relevant role
of the amygdala in the subjective component of painful
experiences and suggested that in the widespread cere-
bral network of pain perception, the limbic system and
especially the amygdala may be instrumental in the
affective aspects of pain. Supporting evidence for these
conclusions come from neuroimaging findings during
air hunger (Evans et al. 2002) or fundus balloon disten-
sion (Lu et al. 2004). Dyspnea was induced in healthy
subjects by mechanical ventilation until a sensation
of “urge to breathe” and “starved for air” was reached
and compared to mild hypocapnia. This pain is also
very afflicted with strong negative affect. Correspond-
ingly, a network of limbic and paralimbic nodes was
activated, including anterior insula, anterior cingulate,
operculum, thalamus, cerebellum, basal ganglia and
also amygdala, that is the majority of regions forming
part of the limbic network also involved in emotion pro-
cessing. Similarly, moderate gastric pain was induced
in 10 healthy subjects using fundus balloon distension
(Lu et al. 2004) and resulted in a widespread activation
pattern of subcortical as well as cortical regions, among
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Amygdala, Functional Imaging, Table 1 Overview of pain studies reporting amygdala activation

Author

Imaging Method

Painful stimulation

Number of subjects

Amygdala
activation/deactivation

Becerra et al. 1999 fMRI (1,5T) Thermal stimulation (Peltier 2 groups of 6 healthy Deactivation of the amygdala
based thermode) 46°C subjects
Becerra et al. 2001 fMRI (1,57T) Thermal stimulation (Peltier 8 healthy subjects Activation in the sublenticular
based thermode) 46°C compared extended amygdala in the early
to 41°C phase
Bingel et al. 2002 fMRI (1,5T) YAG infrared laser stimulation 14 healthy subjects Bilateral activation to unilateral
stimulation
Bornhévd et al. 2002 fMRI (1,5T) YAG infrared laser stimulation 9 healthy subjects Activation increasing with
stimulus intensity
Derbyshire et al. 1997 PET (H2150) C0o laser (mild/moderate pain 12 healthy subjects Decreased rCBF
vs. warm)
Evans et al. 2002 fMRI (1,5T) Mechanical ventilation at 12-14 6 healthy subjects Activation

breaths/min
Air hunger vs. baseline

Hsieh et al. 1995 PET (150 Butanol)  Intracutaneous injection of a 4 healthy subjects Non-significant activation

minute amount of ethanol vs.
saline
Lu et al. 2004 fMRI (3T) Activation

Fundus balloon distension (17.0 10 healthy subjects

+/- 0.8 mmHg) vs. baseline
Petrovic et al. 2004 PET (H2150) 10 healthy subjects Deactivation in response
to context manipulations

increasing anticipated pain

Cold pressure test (0—1°C water
with ice or glycol) vs. cold water
(19°C)

duration
Schneider et al. 2001 fMRI (1,5T) Balloon dilatation of a dorsal foot 6 healthy subjects Amygdala activation correlated
vein with subjective online pain
ratings
Wilder-Smithetal. 2004  fMRI (1,5T) Rectal balloon distention alone 10 patients with Amygdala activation in patients

irritable bowel
syndrome, 10 healthy
subjects

with irritable bowel syndrome
(constipation) during heterotopic
stimulation

or with painful heterotopic
stimulation of the foot with ice
water

them insula and amygdala. This may once again point
especially to the strong affective component of visceral
pain. Since visceral pain may be indicative of an urgent
and marked system imbalance possible endangering
survival, strong affective responses with the objective
of initiating adequate adaptations and reactions seem
to have an evolutionary purpose and be necessary.
Amygdala activation is however not restricted to vis-
ceral pain, but also visible during other kinds of painful
stimulation in animals as well as humans (Bingel et al.
2002). Unilateral laser evoked painful stimuli of either
side, which also avoided concomitant tactile stimula-
tion and anticipation as well as habituation, successfully
demonstrated bilateral amygdala activation, most prob-
ably representing the affective pain component (Fig. 2).
In contrast, basal ganglia and cerebellum displayed
corresponding unilateral activation and may probably
be related to defensive and withdrawal behavior. RCBF
(regional cerebral blood flow) changes were also found
in limbic structures of rats during noxious formalin
nociception (Morrow et al. 1998).
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Amygdala, Functional Imaging, Figure 1 Individual signal intensities
in the amygdala following correlation with subjective ratings of the six
individual participants (from Schneider et al. 2000).
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Hence, the role of the amygdala as a “sensory gateway
to the emotions” (Aggleton and Mishkin 1986) with an
evaluative function seems to extend to pain perception
as well. An increasing number of studies supported the
notion of a common evaluative system with a central
role of the amygdala in the processing of painful but also
non-painful or novel stimuli. The amygdala not only
demonstrated coding of the pain amount by showing a
linearly increasing response to augmenting painfulness
(Fig. 3) but also significant responses during uncertain

Amygdala

Amygdala, Functional Imaging,
Figure 2 Amygdala activation
emerged bilaterally in response to
painful unilateral laser stimulation.
Left: Fittet responses applied to the

left (blue line) or right (red line)
hand for the left (left graph) and
right (right graph) hemispheres. The
dotted lines show the standard error
of the mean (SEM) (from Bingel et
al. 2002).

trials in which the stimulus was not perceived and hence
ajudgment on the nature and valence is required (Born-
hovd et al. 2002). Furthermore, the amygdala, here
more specifically the sublenticular extended amygdala,
seems to be characterized by early responses (to noxious
thermal stimuli) in contrast to regions activated later
and associated specifically to somatosensory process-
ing, such as thalamus, somatosensory cortex and insula
(Becerraetal. 2001) (Fig. 4). This is in accordance with
the activation characteristic of the amygdala during
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Amygdala, Functional Imaging, Figure 3 Picture: Bilateral amygdala activation (p = 0.001) on a coronal slide. Graphs: Left side entails regression
coefficients indicating amount of response for each trial (P0—P4). Right side depicts amount of signal change in the amygdala as a function of peristimulus

time separately for all stimuli (P0—P4; from Bornhdvd et al. 2002).
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» classical conditioning (Biichel et al. 1998), in which
a rapid adaptation to the conditioned stimulus has been
observed, pointing to a major role of the amygdala dur-
ing the early phase of learning, during the establishment
of an association between the neutral stimulus and the
(un)conditioned response. Hence, the early response
during pain seems to reflect the association between
the painful stimulus and an adequate internal response
determining the negative valence of the stimulus.

However, sometimes deactivation as opposed to ac-
tivation has been observed in the amygdala during
painful stimulation, for example with fMRI in re-
sponse to thermal stimuli (45°C) (Becerra et al. 1999).
In this study only 6 subjects were investigated and
changes were low-level. Similar deactivations have
also been reported using PET during mild or mod-
erate pain due to CO; laser stimulation compared to
non-painful warm sensations (Derbyshire et al. 1997).
Hence, a possible moderating variable for activations
and deactivations may be the specific thermal pain
sensation, which was similar during both experiments.
Alternatively, the deactivation may reflect another
functional activation characteristic of the amygdala
under certain circumstances. Hence, the deactiva-
tion may simply be the consequence of the nature
of the experimental pain stimulus. An early activa-
tion in the amygdala for purposes of evaluation and
affective judgment may be followed by a deactiva-
tion, possibly representing the attempt to regulate and
cope with the affective aspects of the painful experi-
ence as well as the painful sensation itself that cannot
be escaped in this special experimental setup. This
interpretation is supported by recent PET findings.
Petrovic et al. (2004) investigated the influence of
context manipulations before the painful stimulation
on the activation pattern during noxious (cold pres-
sure) stimulation. Subjects were informed prior to
stimulation if it was going to be painful or not and
if it would last for 1 or 2 min. Anticipating that the
pain was going to last longer was accompanied by a
decrease in amygdala activation and changes in au-
tonomic parameters, but also cognitive processes in
the majority of subjects that consisted of strategies
to cope with the stressful but unavoidable pain. This
amygdala deactivation was paralleled by activation in
the anterior cingulate, pointing to interactions within
this limbic network constituting the brain’s pain matrix
responsible for the development and modulation as well

as coverage and termination of the affective noxious
events.

This study also highlights some methodological prob-
lems of pain imaging studies in general and those with
a special focus on the amygdala. Anticipation may alter
amygdala response characteristics and may lead to de-
activations instead of activations. Furthermore, the indi-
vidual variability in pain responses and several method-
ological factors, such as imaging method, data analysis,
control condition used for comparison with pain condi-
tion etc. influence results as well as their interpretation.
However, further indications that the amygdala serves
coping functions during pain perception come from
clinical trials. Here, visceral pain hypersensitivity is
discussed as a possible relevant pathogenic factor in var-
ious chronic pain syndromes, such as » irritable bowel
syndrome (IBS). Reduced signals in the amygdala (as
well as in further limbic network nodes such as insula
and striatum) have also been observed in patients with
irritable bowel syndrome during rectal pain stimulation
(Bonaz et al. 2002) and are in accordance with the in-
terpretation of deactivations found in healthy controls.
It may be suggested that deactivations in patients may
correspond to the effort to modulate and control the
strong affective components of the painful experiences.
Unfortunately this study failed to include healthy con-
trols and hence, a conclusion on the dysfunctional or
compensatory aspects of these activations in patients
remains elusive. Interestingly, a recent fMRI study
(Wilder-Smith et al. 2004) investigating rectal pain
alone or accompanied by painful foot stimulation (ice
water, activating endogenous pain inhibitory mecha-
nisms) in patients with irritable bowel syndrome as well
as healthy controls found differential activations be-
tween groups in the amygdala (activation in constipated
patients) as well as further affective-limbic regions (hip-
pocampus, insula, anterior cingulate, prefrontal cortex
etc.) during heterotopic stimulation.

Hence, the amygdala is not only implicated in the affec-
tive aspects of pain processing, including both the ap-
praisal of a painful stimulation with the initiation of ad-
equate responses, and the experiential affective aspects,
such as stress, fear or anxiety but also the modification,
attenuation and coping of these affective experiential as-
pects. This multiple functionality is supported by behav-
ioral findings demonstrating amygdala activation dur-
ing enhancement as well as inhibition of pain (Neuge-
baueretal.2004). First,itmay be aprotective mechanism

Amygdala, Functional Imaging, Figure 4 Coronal
slices showing » sublenticular extended amygdala
(SLEA) activation in the early (left) and late
phases (middle) in response to a noxious thermal
stimulation (46°C). Overlap (white) of early
(vellow/red) and late (blue) phases (right).
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to detect a possible harmful stimulus, hence amplifying
the painful experience; however, in case of unavoidable
harm or pain, it may be the most suitable response to re-
duce the painfulness by inhibition (for example via the
periaqueductal gray). Finally, the central role in pain and
emotion makes it highly likely that it may also be in-
volved in the dysfunctional aspects of chronic (visceral)
pain. For example, the involvement of the amygdala dur-
ing memory and learning may be relevant facets for the
development of chronic pain.

However, the diversity of functions exerted by the amyg-
dala as indicated by the different imaging studies on
experimental and chronic pain, such as affective painful
experience but also modulation of this experience as an
evolutionary sensible warning and evaluative survival
system, including an effective adaptation mechanism
in case of inescapable painful stimulation, suggests the
involvement of other brain regions as well. Hence, the
function of the amygdala cannot be determined alone
but only within a greater cortical and subcortical net-
work. Despite its relevance, it is only the continuous and
intensive interconnections, interactions and feedback
mechanisms with other brain regions that account for
the complex and intact function of this structure in pain
and emotion.
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Definition

The » amygdala is an almond shaped structure in the
ventromedial temporal lobe that constitutes part of
the brain’s limbic system. It comprises several neu-
roanatomically and functionally distinct nuclei with
widespread connections to and from a variety of corti-
cal and subcortical brain regions.

Characteristics

In a general sense, the amygdala plays a prominent
role in the coordination of defense reactions to environ-
mental threats (LeDoux 2003). The hypothesized role
of the amygdala in emotional information processing
represents one component in this overall role. Clearly,
environmental threats are diverse and include the an-
imate (e.g. extraspecies predators, intraspecies rivals)
and inanimate (e.g. thorns or spines on plants). Stim-
uli signaling the presence of threats can be “natural”
elicitors of the psychological state of fear such as a
sudden, novel sound or the presence of a larger animal.
Or previously “neutral” stimuli (discrete sensory cues
or distinct environmental contexts) can come to elicit
defense reactions following occasions in which they
coincided in time with an occurrence of injury or the
presence of a natural threat (i.e. through » classical
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conditioning processes). Such “conditioned” stimuli
can elicit either acute fear or the qualitatively different
state of » anxiety, which is a more future-oriented psy-
chological state that readies the animal for a potential
environmental threat.

The amygdala is well connected to coordinate reac-
tions to stimuli that signal potential danger. By way of
incoming neuroanatomical connections to its central
and basolateral subdivisions, the amygdala receives
information from the organism’s internal environment
(» viscerosensation) and information from the external
environment consisting of simple sensory inputs and
complex » multi-sensory perceptions. This information
already has already been highly processed by various
subcortical and cortical brain structures (e.g. cortical
sensory association areas) but the amygdala serves
the purpose of attaching emotional significance to the
input. By way of its outgoing neuroanatomical con-
nections, the amygdala communicates with brain areas
involved in motor preparation / action and autonomic
responses. When sensory information arrives relating
to environmental danger, the amygdala probably is
involved both in the generation of emotional states
(e.g. fear, anxiety) and the coordination of appropriate
» autonomic and behavioral changes that enhance the
chance of survival (e.g. defensive fight or flight, subse-
quent avoidance behaviors, submissive postures, tonic
immobilization, autonomic arousal and » hypoalgesia
or » hyperalgesia).

Since pain can signal injury or the potential for injury,
it should not be surprising that the processing of noci-
ceptive information by the amygdala can be one of the
triggers of these events. Electrophysiological studies
show that individual amygdala neurons, particularly in
the central nucleus of the amygdala (CeA), respond to
brief nociceptive thermal and mechanical stimulation
of the skin and or nociceptive mechanical stimula-
tion of deeper (knee joint) tissue (Bernard et al. 1996;
Neugebauer et al. 2004). Many CeA neurons have large
receptive fields, with some neurons being excited by and
others inhibited by nociceptive stimulation. The lateral
capsular and, to a lesser extent, the lateral division of the
CeA have been termed the “nociceptive amygdala” and
receive nociceptive input from lamina I of the spinal and
trigeminal » dorsal horns. This lamina I input arrives
at the CeA via several different routes (Gauriau and
Bernard 2002): 1) indirectly, from relays in the lateral
and external medial areas of the brainstem parabrachial
complex (lamina I — PB — CeA), 2) indirectly, from
the posterior triangular nucleus of the thalamus (PoT)
to the amygdalostriatal transition area (AStr), which
overlaps partly with the CeA (lamina I — PoT —
AStr/ CeA), 3) indirectly, from the » insular cortex by
way of the PoT (laminal — PoT — IC — CeA) and 4)
to a much lesser extent, from direct, monosynaptic pro-
jections (lamina I — CeA). The basolateral complex of
the amygdala also probably receives highly processed

nociceptive information from unimodal and polymodal
sensory areas of the cerebral cortex (Shi and Cassell
1998).

Human functional » neuroimaging studies have sup-
ported arole for the amygdala in nociceptive processing
by correlating changes in neural activity in the amyg-
dala with the perception of brief painful stimuli. In a
manner analogous to the different responses of indi-
vidual CeA neurons described above, presentation of
a painful thermal stimulus to skin of healthy human
subjects can result in increases or decreases in neural
activity in the amygdala as measured by » positron
emission tomography (PET) or functional » magnetic
resonance imaging (fMRI), depending on the stimula-
tion parameters employed. These changes appear to be
linearly related to stimulus intensity (Bornhovd et al.
2002; Derbyshire et al. 1997).

In addition to brief pain, neuroplastic changes in amyg-
dalaneurons may contribute to the induction and mainte-
nance of » chronic pain states. Rodent studies utilizing
indirect measures of neuronal activation in the forebrain
(e.g. » immediate early gene expression or changes in
regional cerebral blood flow) have suggested increases
in neural activity in the amygdala that correlate with be-
havioral indices of persistent pain. Several groups have
analyzed patterns of Fos protein-like immunoreactivity
(Fos-LI) in the rat forebrain after hind paw injection
of formalin (i.e. the formalin test). The formalin test
involves injecting a small volume of dilute formalin
into a hind paw, resulting in an array of pain-related be-
haviors (paw lifting, licking and flinching) that persists
for 1%-2 h. Behavioral indices of formalin-induced
» nociception correlate with appearance of Fos-LI in
the basolateral amygdala (Nakagawa et al. 2003). Fos-
LI also appears in the basolateral amygdala and CeA
following stimulation of the trigeminal » receptive
field in conscious rats with » capsaicin (Ter Horst
et al. 2001) or after prolonged, nociceptive colonic
distension (Monnikes et al. 2003). In a rat model of
» neuropathic pain (the chronic constriction injury, or
CCI, model), a significant increase in regional cerebral
blood flow (rCBF) is seen in the basolateral amygdala
after 8 or 12 weeks, but not 2 weeks following CCI
surgery (Paulson et al. 2002).

The response characteristics of individual CeA neu-
rons have been studied in vivo in rats with or without
experimental arthritis in a knee joint (Neugebauer et al.
2004). Prolonged nociception produced by injection of
» carrageenan and » kaolin into the knee joint results
in enhancement of both receptive field size and respon-
siveness to mechanical stimulation of a subset of CeA
neurons. Infusion, by » microdialysis, of a selective
» NMDA receptor antagonist (AP5) or an mGluR1
receptor antagonist (CPCCOE?) into the CeA inhibits
the increased responses to nociceptive and normally
innocuous mechanical stimuli more potently in the
arthritic vs. the control condition. By contrast, infusion
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of anon-NMDA (AMPA / kainate) receptor antagonist
(NBQX) or an mGluRS5 receptor antagonist (MPEP) in-
hibits background activity and evoked responses under
both normal control and arthritic conditions. These data
suggest a change in mGIuR 1 and NMDA receptor func-
tion and activation in the amygdala during pain-related
sensitization, whereas mGluRS5 and non-NMDA recep-
tors probably are involved in brief as well as prolonged
nociception.

In vitro brain slice » electrophysiology has provided
additional insights (Neugebauer et al. 2004). It is
possible to study properties of synaptic transmission
(using » whole-cell patch-clamp recordings) in brain
slices taken from control rats vs. rats with persistent
pain. In the nociceptive CeA of such rats, it is possi-
ble to study » monosynaptic excitatory post-synaptic
currents (EPSCs) evoked by electrical stimulation of
afferents from the parabrachial complex or from the
basolateral amygdala. In rats with experimental arthri-
tis, enhanced synaptic transmission (larger amplitude
of evoked monosynaptic EPSCs) is observed at both
the nociceptive PB-CeA » synapse and the polymodal
(including nociceptive) BLA-CeA synapse as com-
pared with control rats. CeA neurons from arthritic
rats also develop an increase in excitability. Induction
of experimental » colitis (by intra-colonic injection of
» zymosan) produces similar effects, except for the fact
that enhanced synaptic transmission is observed only at
the nociceptive PB-CeA synapse. In the arthritis model,
synaptic plasticity in the amygdala is accompanied by
anincrease in » presynaptic mGluR 1 function. Both the
selective mGluR1 antagonist CPCCOEt and the group
IIT' mGluR agonist LAP4 decrease the amplitude of EP-
SCs more potently in CeA neurons from arthritic rats
than in control animals. The selective group III mGIuR
antagonist UBP1112 reverses the inhibitory effect of
LAP4. During the application of LAP4, paired-pulse
facilitation was increased, while no significant changes
in slope conductance and action potential firing rate of
CeA neurons were observed. These data suggest that
presynaptic mGluR1 receptors and group III mGluRs
regulate synaptic plasticity in the amygdala in a rat
model of arthritis.

Human neuroimaging studies have provided additional
supporting evidence by correlating changes in neural ac-
tivity in the amygdala with the perception of persistent
pain. In patients suffering from » irritable bowel syn-
drome (IBS), Wilder-Smith et al. (2005) dem